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EDITOR—Anderson-Fabry disease (AFD) is a
sphingolipid storage disorder resulting from
the deficiency of the lysosomal enzyme
á-galactosidase. Unlike most other lysosomal
diseases, the inheritance is X linked. Disease
manifestations in female heterozygotes have
been reported, but are considered to be rare
and usually mild.1 Asymptomatic corneal
dystrophy (cornea verticillata and posterior
lenticular cataract) is present in about 70% and
is useful for heterozygote detection. About
30% of women have minimal angiokeratomas
and <10% have infrequent attacks of neuropathic pains.1 However, female heterozygotes
with severe and early cerebrovascular disease,
strokes, and renal failure have been documented, but these serious manifestations were
estimated to occur in only 1%.1 Because this is
an X linked disorder, these severe manifestations in females were explained by skewed X
inactivation.2
Case reports are open to selection bias and
there are no reported data on the frequency
and severity of AFD manifestations in a large
cohort of carriers. Women are not usually
evaluated in the clinic unless they present with
serious AFD complications, but they do attend
for genetic counselling when their son or male
relative is diagnosed with the disease.
During regular reviews of AFD families in
the genetic clinic, we have observed multiple
and more frequent AFD manifestations in
female carriers than expected. Owing to the
lack of clinical data and present health care
policy, we were unable to perform clinical
investigations. Therefore, a large cohort study
using an AFD specific questionnaire was
performed to establish the mortality and the
frequency of all AFD manifestations in obligate
carrier females.
Methods
All known (n=80) obligate carrier females, who
were over the age of 18 and had demographic
data recorded in the AFD register, were asked
to participate in this study. Sixty (75%) agreed
and provided data; non-responders were reminded on one occasion. Some participants
did not complete all measures, so the exact
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number is reported for each result. Local ethical committee approval was obtained at the
start of the study.
ASCERTAINMENT

We have studied women who are obligate
carriers for AFD by family history. This
approach eliminates selection bias, as complete
clinical, biochemical, and genetic mutation
data were available mainly for young women of
childbearing age for the purpose of prenatal
diagnosis. Obligate carrier females were ascertained from the UK AFD register, which contains data on 67 families and 80 currently living
aVected males. This genetic and clinical register has been maintained for 15 years and contains demographic, clinical, biochemical, and
DNA data on families from the UK and Eire.
Data were obtained from continuous assessment in the genetic clinic, which are shared
with general practitioners and supplemented
by results from individual patients’ hospital
specialists. á-galactosidase gene mutations
were identified in all families (except one),
were diVerent in each family, and included
nonsense, missense, stop, and exon skipping
mutations.3
MORTALITY DATA

Obligate carriers included were those who have
at least one first degree relative known to us,
and who were able to give information on the
diagnosis and cause of death or provide a death
certificate.
AFD SPECIFIC QUESTIONNAIRE

Carriers for AFD were assessed in the genetic
clinic, following the diagnosis of AFD in their
family, or following incidental findings of
cornea verticillata or angiokeratoma in a
female without a previous family history of the
disease. The AFD specific questionnaire was
thus created, based on in depth interviews with
patients and medical practitioners. (The text of
this questionnaire is available electronically on
request.) In the questionnaire, the obligate carrier status was first confirmed by a statement
that the woman had/has an aVected father or
brother or has an aVected son. The questionnaire contained questions on general health
and the presence or absence of manifestations
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STATISTICAL METHODS

The cumulative probability of death for AFD
female carriers was calculated using the
Kaplan-Meier survival method and current
data on the UK female general population was
provided by the UK Government Actuaries
Department using 1997-1999 life tables.
Results

Survival time: Kaplan–Meier curve
Median: 70 years (25th–75th centile, 57–78)
100

Cumulative survival (%)

of the disease as is seen in aVected males. The
character and nature of neuropathic pains were
clearly explained and direct responses requested as to the onset of pain, medication, and
its eVect on everyday life. The McGill Pain
Questionnaire (short form)4 was further
adapted for carriers by selecting the following:
the intensity of the pain on average during an
attack on a scale of 0 = no pain to 10 = pain as
bad as you can imagine, the presence and
intensity of background pain on average, its
location, and eVect on attendance at school,
work, social activities, and participation at
sports (scale 0-10). Further, women were
asked direct questions: have you ever suVered a
stroke and have you ever experienced a
weakness (in your arm, leg, or face) or double
vision lasting only minutes/hours? We have followed all reported TIA and CVA by a phone
call to these women and to their general practitioners to obtain a detailed history. Information
on renal function was obtained by asking
whether any blood and urine test was done in
the last year, whether it was normal, is the
woman under assessment by a renal unit, is on
renal dialysis, or had renal transplant. For heart
function, a direct question was asked about
chest pain/palpitations and results of tests performed in the last year. Next, women were
asked to respond yes/no to specific questions
on the presence of manifestations of AFD,
which included “Fabry rash” (angiokeratoma),
sweating, tinnitus, exhaustion, gastrointestinal
symptoms, and others. X linked inheritance
and the understanding of AFD transmission
was assessed simply by asking whether an
aVected father can pass on the genetic
mutation to his son or to his daughter and,
similarly, what were the chances of transmission of the disease by a carrier mother.
Lastly, the ratings of medical care and this
questionnaire were assessed, followed by a
series of questions about the respondents’
reproductive choices. The eVect of the disease
on emotional health was measured on a 10
item table from the McGill questionnaire
(short form).4
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Figure 1 Cumulative probability of death for AFD female
carriers calculated using the Kaplan-Meier survival
method. The survival function shows the median
cumulative survival to be 70 years, which represents an
approximate reduction of 15 years from the general
population. A gradual decline of the AFD female carrier
curve is evident from the age of 35.

15.6% (5/32) had mitral valve replacement and
cardiomyopathy, 28% (9/32) died of cerebrovascular accidents (CVAs), often multiple,
aged between 56 and 83 years, and four died of
cancer.
PREVALENCE

The prevalence of AFD carriers is 1 in 339 000
females in the UK. The AFD register contains
data on 67 families with AFD of whom 47 had
a family history of the disease and 20 aVected
males did not. In half of these, carrier status in
their mother was confirmed by clinical
examination, leucocyte, and hair root
á-galactosidase estimations, and subsequently
by mutation analysis. In the remaining males,
the origin of the new mutation is at present
unknown.
The register contains data on 89 obligate and
manifesting carriers and 40 female first degree
relatives, whose carrier status is at present
unknown. The cohort examined in this study
consisted of 60 obligate carrier females, mean
age 44.9 years (95% CI 41.01, 48.79). Past
medical history included the following: bronchitis in 31.7%, hypertension in 31.7%, and
heart attack, angina, or heart failure in 16.7%;
a further 3.3% were treated for breast cancer
and 5% were given a diagnosis of rheumatic
fever in the past. None had diabetes.

MORTALITY

The survival function in fig 1 shows the median
cumulative survival to be 70 years, which
represents an approximate reduction of 15
years from the general population. A gradual
decline of the AFD female carrier curve is evident from the age of 35. Six of these 32 women
had renal failure, of whom half have had a renal
transplant and two have died of lymphoma following immunosuppression for renal transplantation. Results of renal biopsy were not
available, as all these women presented with
end stage renal failure (ESRF). A total of
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SERIOUS AND DEBILITATING AFD
MANIFESTATIONS

Multiple serious or debilitating complications
of the disease were documented in aVected
males, but were not expected in carrier women.
In 30% (20 women), multiple and serious
manifestations were present (table 1). These
are illustrated by the following case histories. A
37 year old carrier presented with ESRF and
has attacks of diplopia and severe peripheral
neuropathic pains. Unusually severe AFD
symptoms, even for a hemizygous male, were
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Table 1 Frequency of serious and debilitating
manifestations in AFD carriers (n=60)

Table 2 Onset of disease manifestations in AFD carriers
>18 years

Number reported by
20 women

AFD manifestations
TIAs and CVAs
Renal failure
Mitral valve replacement
Disabling neuropathic pain
Fibromyalgia
Personality disorder/suicidal thoughts
Total

17
2
3
2
5
5
34

The mean age of this cohort was 44.9 years (95% CI 41.01,
48.79).

observed in a young girl aged 17. She was confined to bed for three months during her last
year at school with severe incapacitating
peripheral neuropathic and muscle pains and
extreme exhaustion. Following home tuition,
she was able to complete a university course
and obtain a job. At her present age of 26, her
pain control has been obtained with high doses
of Gabapentine, Amitryptiline, and Solpadeine. However, she is unable to travel to work
or carry out her desk job because of extreme
fatigue, myalgia, and acute attacks of pain.
Another 36 year old carrier appears to suVer
from a personality disorder and has severe
attacks of pain requiring treatment with
morphine. In childhood, the nature of her pains
were not recognised and she was under psychiatric care for many years, until her father
developed renal failure and the diagnosis was
made.
NEUROPATHIC PAIN

Seventy percent (n=60) of carriers have
experienced some form of neuropathic pain
(n=42) and 30% have not (n=18). Of the total
number of AFD carriers who reported experiencing pain, 42 (80%) said that the pain had
never stopped since onset. However, in 10 carriers (20%) the pain did stop, at a mean age of
28.8 (95% CI 17.3, 40.3). Of the 42 carriers
with pain, 41 women had pain attacks during
pyrexial illness or in hot weather, of whom 19
also had continuous background pain in
between attacks. Only one woman experienced
continuous pain alone. The mean pain score
for pain intensity during an attack was 7.4
(scale 0-10) and for background pain was 6.8.
A total of 17.1% were taking anticonvulsants
and/or opiates. Over half of the remainder took
non-steroidal anti-inflammatory drugs regularly. The commonest pain location in women
carriers for AFD were the hands and feet,
followed by the large joints of the upper and
lower limbs.
A total of 27.5% (n=29) stated that the pain
aVected their attendance at school (mean score
of 8, McGill questionnaire), in 55.5% (n=28) it
aVected participation in sports (mean score
8.6), it aVected family life in 27.5% (mean
score 6.6), and social activities in 46.6% (mean
score 6.5). These results suggest that neuropathic pain is a significant manifestation of
AFD in a high proportion of carrier females.
Table 2 shows the onset and table 3 shows
the frequency of AFD disease specific manifestations in carriers >18 years. The response to
the questionnaire was complete in this cohort;
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Disease manifestation

Mean age of onset
(95% CI)

Total number of
patients
investigated

Neuropathic pain
CVA
TIA
Renal dialysis
Renal transplant

15 (11.13, 18.87)
41.7 (15.3, 68.2)
52 (43.89, 60.11)
36 (35, 37)
None

60
60
60
60
60

The cohort examined in this study consisted of 60 obligate carrier females, mean age 44.9 years (95% CI 41.01, 48.79).

Table 3 Frequency of disease manifestations in AFD
carriers >18 years

Disease manifestation

Present in %
patients

Number of
patients
investigated

Neuropathic pain
Angiokeratoma
Hypohidrosis
TIA or CVA
End stage renal failure
Abnormal renal function
Chest pain/palpitation
Left ventricular hypertrophy
Heart valve abnormalities
Arrythmia
Lymphoedema
GI symptoms
Fatigue
Self reported hearing loss
Tinnitus

70
35
32.8
21.5
3.3
35
52.5
19
47.6
33
8.3
58.3
66
23.3
25

60
60
60
60
60
20
60
21
21
21
60
60
60
60
60

The cohort examined in this study consisted of 60 obligate carrier females, mean age 44.9 years (95% CI 41.01, 48.79). Data
on disease manifestations obtained from the questionnaire were
complete; however, as only one-third of these women were
investigated, the frequencies of cardiac and renal abnormalities
should be regarded as approximate.

however, data on renal and cardiac function are
approximate for frequency in carriers as only a
third of the women were investigated.
TIA AND CVA

Twenty-three women stated that they had
experienced at least one TIA. Table 4 shows
the signs and symptoms in 17 carriers in whom
TIA was considered likely; a further three
women were excluded and three remained
unknown. Four women with CVA have also
recorded a previous history of TIAs.
RENAL FUNCTION

Renal function was assessed in only 31.5% of
carriers in the last year. Two women are receiving renal dialysis at a mean age 36, of whom
one has presented with ESRF. None of the
respondents has had renal transplant.
CARDIAC FUNCTION

Cardiac function was assessed in only 35.6% in
the last year, but 52.5% have reported chest
pains and/or palpitations and ankle swelling;
16.9% of women had abnormal test results
(table 3).
GASTROINTESTINAL (GI) SYMPTOMS

GI symptoms were commonly recorded; over
half of the respondents complained of bloatedness, indigestion, and abdominal cramps. Diarrhoea and constipation were present in over
40% and vomiting in 14%. No additional diagnosis of bowel disease was reported by these
women. The symptoms are suggestive of being
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Table 4

with muscle pains and localised proximal muscle atrophy in the lower limb and neurological
investigations failed to identify the cause.

Transient ischaemic attacks in AFD carriers

Case No

Age (years)

Signs and symptoms

1
2
3
4
5
6
7

54
68
23
55
66
33
59

8
9

59
32

10
11
12

73
69
70

13
14
15
16
17
Excluded
18
19
20
Unknown
21
22
23

52
50
38
45
39

Arm weakness, migraine headaches
Arm weakness
Diplopia lasting minutes, ∼6/year
Arm and face weakness lasting minutes
Face weakness, loss of speech
Diplopia, arm weakness × 2 lasting minutes
Diplopia frequent, blindness for 45 minutes, ∼4/year,
migraine headaches
Diplopia, arm weakness
Unilateral facial palsy × 2, dysarthria lasting ∼30 minutes,
ipsilateral numbness UL
Diplopia
Arm weakness lasting minutes
Diplopia at 50 y × 2, blurred vision, dizziness, blindness
lasting ∼1 minute
Arm weakness, blindness lasting ∼1 minute
Diplopia
Blurred vision, migraine headaches
Diplopia, migraine headaches
Unilateral weakness UL+LL lasting hours

55
45
56

Weak and stiV joints
Weak, hot, and swollen leg and shoulders
Fibromyalgia, heavy legs often unable to bear weight

30
42
44

No description given
No description given
No description given

Signs and symptoms of TIAs reported by AFD carriers. UL, upper limbs; LL, lower limbs.
90
80

Yes

No

76.30%

70

%

60
50

45.80%
40.70%

40
30

39%
33.90%

23.70%
15.30%

0

11.90%

10.20%

10

5.10%

Understands
X linked
inheritance

Carrier status Opted for a
Had
children known before prenatal
after 1980 having children
test

The majority of carriers (66%, n=59) rated the
AFD information given at diagnosis as excellent or satisfactory and 44% rated it as poor.
Genetic counselling was evenly divided between poor and satisfactory. Routine medical
assessment is not being carried out in twothirds of women.
REPRODUCTIVE DECISION MAKING

Responses are shown in fig 2.
EMOTIONAL HEALTH

About a third of the sample reported being
happy, full of life, and energetic. Another third
admitted to being depressed, anxious, tired,
and frustrated some of the time; 15.8% were
tired all the time, 5.7% were frustrated, and
5.4% were suicidal most/all of the time.
Personal needs summary listed the following: education of medical practitioners about
clinical manifestations of AFD, improvement
in genetic counselling, access to ERT trials
information with implications for treatment in
carriers and young males aVected with AFD,
regular monitoring for heart and kidney problems, and medical management with more
understanding and sympathy.

32.20%

28.80%

20

MEDICAL CARE RATINGS

Opted
Had TOP
for affected against more
children
male fetus

Figure 2 Reproductive decisions taken by AFD carrier women who had children after
1980. TOP=termination of pregnancy.

the manifestation of AFD, but the results of GI
investigations are required to confirm these
findings.
The frequency of angiokeratoma is most
likely an underestimate, as on clinical examination several carriers in this cohort had sparse
lesions, in the form of diVuse tortuous capillaries on the upper chest or patches of angiokeratoma in dermatome distribution on the
upper or lower limbs.
In this cohort, hypohidrosis was reported by
32.8% as an inability to sweat on exertion, during sport sessions, and when pyrexial. The triad
of hypohidrosis, overheating, and mild peripheral pains was used by the women as diagnostic
of their carrier status. Tinnitus was reported by
25%, in the form of unpleasant attacks, usually
lasting seconds or minutes, often associated
with dizziness.
Disabling joint and muscle pains, diagnosed
as fibromyalgia were present in five carriers
(7%) aged between 45 and 55 years. They have
severely reduced mobility, experience constant
pain, and are unable to work. One woman presented with polyarteritis nodosa-like symptoms
and with proteinuria. One carrier presented
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Discussion
This is the first report of a large cross sectional
cohort survey in adult obligate carriers for
AFD. Included were all obligate carriers known
to the UK AFD register with confirmed
pedigree structure and AFD diagnosis. Those
under the age of 18 were excluded as published
reports and clinical observation suggested
mainly adult onset of AFD complications. The
data are based on an AFD specific questionnaire survey for self reported signs and
symptoms, and on clinical findings in symptomatic AFD carriers seeking medical attention.
Asymptomatic women were not investigated in
this study, as the present health care policy
does not recognise them as patients aVected
with AFD. The results of abnormal renal and
cardiac function reported here are therefore
underestimates.
MORTALITY

The median cumulative survival in 32 obligate
carriers was 70 years, which represents an
approximate reduction of 15 years from the
general population. A gradual decline of the
AFD female carrier curve is evident from the
age of 35. These data suggest milder expression
of the disease in AFD carriers than in aVected
males.
SERIOUS MANIFESTATIONS

The frequency of serious AFD manifestations
in carriers is unknown. A number of carriers
with cerebrovascular complications or with
renal failure were reported.1
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NEUROPATHIC PAIN

RENAL FUNCTION

A review of clinical manifestations in heterozygotes for AFD estimated the frequency of neuropathic pain as <10%.1 The accumulation of
sphingolipid was determined at necropsy in the
spinal and sympathetic ganglia in a carrier with
severe neuropathic pains and cardiomyopathy.
A significant increase of 34- and 48-fold
respectively above normal was found,5 thus
explaining the likely aetiology of severe neuropathic pains.
In this cohort, a substantially higher frequency of pain was evident and, as in AFD
males, the mean onset of neuropathic pains in
carriers was 15 years and in 20% the pain had
stopped at the age of 28. The pain scores for
both attacks and background pain in carriers
were surprisingly high, >5, and suggest that
these women require improved pain management. Only 17.1% of carriers were receiving
anticonvulsants or opiates. High scores were
obtained for the eVects of pain on attendance at
school, participation in sports, and the impact
on family and social life. A third to half of
respondents scored the impact of pain on their
life as being high. Similarly to aVected males,
the duration of the neuropathic pain appears to
be life long and stops in a small percentage of
women.

The incidence of renal failure in carriers was
estimated as <1%, occurring in rare female
variants with 0-5% á-galactosidase activity.1
Abnormal renal function, proteinuria, and
ESRF were reported in several female carriers.1
Characteristic renal changes of AFD were also
described in asymptomatic carriers with normal renal function, when investigated to
become kidney donors for their male relatives.9
Two heterozygotes had a mosaic pattern of
focal patchy AFD inclusions/degenerative
changes among normal appearing glomeruli on
electron microscopy.9 The Gb3 accumulation
in the kidney was age related and Gb3 content
in urine sediment of heterozygotes was increased up to 20-fold compared with normal.1
From these reports to date, we can conclude
that probably all carriers accumulate Gb3 in
the kidneys and usually at a much slower rate
than AFD males. The rate of Gb3 deposition
appears variable.
In this cohort, two women (3.3%) developed
ESRF at ages 35 and 37 respectively, and so far
neither has had a renal transplant. In these two
women, the age at onset was comparable to
AFD males, but the frequency of ESRF was
much lower in carriers than the 26% found in
hemizygous males.10 The frequency of abnormal renal function in this cohort could not be
determined because of lack of data.

TIA AND CVA

The frequency of cerebrovascular complications in carriers was estimated as <1%, occurring in rare female variants with 0-5%
á-galactosidase activity.1 Neurological manifestations such as TIAs, CVA, tinnitus, severe
hypostatic hypotension, and sensorineural
hearing loss have been documented as case
reports.6 A cohort study of 10 female heterozygotes with cerebrovascular complications reported the mean age of onset as 40.3 years and
the signs and symptoms, in descending order of
frequency, as: memory loss, dizziness, ataxia,
hemiparesis, loss of consciousness, and hemisensory symptoms.7 In another study, the
incidence of thrombotic accidents was 10%
(n=15), where two carriers had CVA aged 43
and 49 respectively and one had central retinal
artery thrombosis at 31.8 The incidence of TIA
in carriers is unknown.
In this cohort, a direct question was asked
about past history of TIA and a high frequency
was found (table 4). Several carriers in this
group were in their 60s and 70s, when
cerebrovascular events are common and not
the result of AFD. However, the mean age for
TIA at 52 years indicates that in the majority of
these women the onset of TIA was early and
most likely the result of AFD pathology.
Results from this cohort suggest a higher
frequency of cerebrovascular complications
than previously reported.
Two unrelated carriers in this cohort had
mild idiopathic MR, and both have developed
ESRF, aged 35 and 37; further investigations
are ongoing (one of these was not included in
this study because of failure to return the questionnaire).

www.jmedgenet.com

CARDIAC FUNCTION

The incidence of cardiac involvement in carriers was estimated as <1%, occurring in rare
female variants with 0-5% á-galactosidase
activity.1 Cardiomyopathy and MV prolapse
were documented in two studies of 13 and 12
carriers, respectively. Sakuraba et al11 described
MV prolapse, dilated aortic root, concentric
LVH, and ECG abnormalities in 5/13 women
aged 36-64. Only those over 50 years of age had
symptoms of palpitations and dyspnoea. Goldman et al12 found no LVH on echocardiogram
in 12 carriers, who were however younger, aged
between 25 and 37 years. In both studies, the
frequency of MV prolapse was over 50%, with
additional patients having redundant MV.
Renovascular hypertension was present in
2/13. These cohort data suggest that the onset
of cardiac lipid storage is evident around the
age of 35 years in carriers and is present in
around 50%. Cardiac histopathology in one
carrier showed focal granular staining pattern
with anti-CTH monoclonal antibody.13 This
female developed proteinuria and LVH at 22
years, subsequently had CVA and renal and
cardiac failure, and died of ventricular fibrillation aged 60. This report documented a mosaic
pattern of myocardial involvement and subsequent multiorgan progression of AFD over 40
years. Further documentation of cardiomyopathy was shown by increased thallium-201
uptake by scintigraphy in three carriers14 and a
53 year old female carrier presented with end
stage restrictive cardiomyopathy and underwent heart transplantation.15
In this cohort, chest pain and palpitations
were reported by 52.5%, but only a third were
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investigated. Four carriers had mitral valve
replacement aged between 55 and 65 years.
GASTROINTESTINAL MANIFESTATIONS

Gastrointestinal structure and function were
investigated in 13 aVected males and in 17 heterozygotes.16 Twenty-nine percent of heterozygotes were symptomatic and jejunal biopsy
showed characteristic electron dense sphingolipid deposits situated in the neuronal and
vascular tissue in the bowel submucosa. These
lesions were not visible by light microscopy.
The bowel involvement in carriers was less frequent than in males and less pronounced. The
onset of symptoms was later than in males, at
between 15-35 years, and several girls also had
mild growth delay. In this cohort, 58.3% of
carriers reported having GI symptoms, which
included abdominal pain, diarrhoea, or constipation and vomiting. Most women had extensive GI and gynaecological investigations.
None of the carriers in this cohort experienced
GI complications in the form of bowel perforation or infarction and the severity of symptoms
appeared to progress with age. In none of these
women was the cause of GI symptoms
identified.
OTHER MANIFESTATIONS OF AFD

Fatigue was the single most common manifestation reported by 66% of carrier women,
which interfered with their family and social
life. The second commonest manifestation was
angiokeratoma and was reported by 35%. This
observation is in agreement with the frequency
reported previously,1 but discrete patches of
angiokeratoma observed in this study became
evident only on careful clinical examination.
The findings of angiokeratoma in dermatome
distribution supports the concept of mosaic X
inactivation, reported in X linked disorders,
such as incontinentia pigmenti.17 The incidence of hypohidrosis in carriers was estimated
as <1%, occurring in rare female variants with
0-5% á-galactosidase activity.1 In this cohort,
subjective hypohidrosis was reported by 32.8%
of women documenting higher frequency than
expected. Recurrent polyarthralgia in the
hands and feet, often with pyrexia, occurs
frequently at an early age and the diagnosis of
rheumatic fever, chronic inflammatory syndrome, or polyarteritis nodosa has been
made.18 Perivascular inflammation and polyarteritis nodosa-like necrotising vasculitis pathological changes were found in several tissues
including the bowel in an AFD carrier.19
In this cohort, severe disabling fibromyalgia
was diagnosed in five women aged between 45
and 55 years and one had proximal muscle
atrophy. A similar presentation was described
in an AFD male, who had characteristic sphingolipid deposits seen on muscle biopsy.20 Large
joint pains were a frequent complaint of AFD
carriers over the age of 50, but these were not
formally assessed.
REPRODUCTIVE DECISIONS

The majority of women understood X linked
inheritance and their carrier status was known
before pregnancy. Nearly half of women of
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childbearing age opted against having more
children because of AFD. Prenatal diagnosis
was used by only half of the women in this
cohort, most likely reflecting the dilemma of
termination of pregnancy for a disease with late
onset of complications.
In this study, obligate female carriers reported multiple AFD manifestations, with high
frequency, which was not recognised previously. However, similar findings were recently
reported, in cohorts of 12 and 21 female carriers.21 22 The progression of the disease is slower
in carrier females, as would be expected in
subjects with partial enzyme deficiency. The
patchy distribution of cells with lipid deposition in cardiac, renal, and skin tissues confirms
random X inactivation even in carriers with
severe manifestations of AFD.
We are grateful to the AFD patient support group, to the families for their cooperation and to Transkaryotic Therapies Inc,
Boston, USA for financial support of AH. Professor B Winchester at the Enzyme and Molecular Genetics Laboratory, Institute
of Child Health, London analysed most of the samples from this
cohort.
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EDITOR—Pre-eclampsia is a heritable endothelial disorder, which is unique to pregnancy1 and
characteristically associated with haemostatic
and thrombophilic abnormalities. This association has led to the identification of a number
of gene variants that might confer thrombophilic risk in pre-eclampsia. An increased
carrier rate for two of these polymorphisms,
factor V Leiden2 and the thermolabile variant
of
methylenetetrahydrofolate
reductase
(MTHFR),3 has been reported in some women
with pre-eclampsia. However, we have been
unable to replicate these findings in our own
East Anglian population.4
We have now looked at two further candidate
thrombophilic polymorphisms in our preeclampsia cohort that are involved in the regulation of vascular thrombosis. The first is the
20210G>A polymorphism in the 3' UTR
region of the prothrombin (PT) gene that
causes a modest rise in plasma prothrombin
levels,5 and is reportedly associated with severe
pre-eclampsia in an Israeli cohort.6 The second
is a coding variant (98C>T) in exon 2 of the
GPIIIa gene that provides the common beta
subunit for several â3-integrins including the
platelet fibrinogen receptor. This polymorphism causes a 33Leu>Pro substitution and
the existence of two antigenically distinct forms
of the mature GPIIb/IIIa antigen on platelets
(the Pl(A) antigens 1 and 2). Loss of functional
GPIIIa is associated with a rare bleeding disorder (Glanzmann’s thrombasthenia) and the
33Pro variant itself has been associated with
risk of premature acute coronary syndromes
and stroke in young white women.7
Materials and methods
The method of recruitment and the definition
of pre-eclampsia used in our cohort have been
published previously.4 In brief, they all had
proteinuric pregnancy related hypertension as
defined by the criteria of Redman and
JeVeries.8 The local ethics committee approved
the study and all patients gave written informed consent before taking part. At the time
of this study, we had genomic DNA available
from 356 women with pre-eclampsia. All the
women were white northern Europeans. The
200 normotensive control samples were those
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reported in our earlier study4 and had no
history of pregnancy induced hypertension or
pre-eclampsia.
Genomic DNA was obtained from venous
blood using standard methods and genotyped
for the two polymorphisms using PCR/RFLP
as follows.
GPIIIa C1565T POLYMORPHISM

Exon 2 of the GPIIIa gene was amplified using
forward (5' TCT GAT TGC TGG ACT TCT
CTT) and reverse (5' TCT CTC CCC ATG
GCA AAG AGT) intronic primers (Genbank
accession No AH00311). The 266 bp product
was digested with 10 U of NciI (New England
Biolabs) overnight and fragments resolved on a
3% Metaphor® gel (FMS Bioproducts, Rockport, USA).
GENOTYPING OF THE PT G20210A POLYMORPHISM

The 3' UTR region of the PT gene was amplified using previously reported forward (5' TCT
AGA AAC AGT TGC CTG GC) and reverse
(5' CAA CGC CTG GTA TCA AAT GG)
primers.5 The 345 bp PCR product was
digested overnight with 10 U of HindIII (New
England Biolabs). Fragments were again resolved using a 3% Metaphor® gel.
The genotype and allele frequencies were
compared by ÷2 analysis. Hardy-Weinberg
equilibrium was tested using the HWE program of the LINKUTIL package (downloaded
from http://linkage.rockefeller.edu/ott/linkutil.
htm). Odds ratios and confidence intervals
were calculated by the method of Wolf.9 A p
value of <0.025 (0.05/2) was considered
significant to reflect a necessary Bonferroni
correction.
Results
The genotyping results for the two polymorphisms are shown in table 1. Both polymorphisms were in Hardy-Weinberg equilibrium in
both groups of subjects. The carrier rate for the
prothrombin A20210 variant was not significantly diVerent between our control and
pre-eclamptic groups and no subjects in either
group were homozygous for the A20210
variant. There was no evidence that the

