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ABSTRACT  

Background: Fabry disease is a rare X-linked lysosomal storage disorder, resulting 

from deficiency of α-galactosidase A activity. Although the severity of clinical 

features in male patients is well described, only recently have studies reported the 

high prevalence of disabling clinical features in heterozygous females. 

Aims: This study sets out to examine the clinical features and natural history of Fabry 

disease in further detail in a large group of female patients.  

Methods: Data were obtained from 303 females enrolled in the Fabry Outcome 

Survey. Pain was assessed using the Brief Pain Inventory (BPI), and health-related 

quality of life (HRQoL) was assessed using the European Quality of Life 

Questionnaire (EQ-5D). A modified version of the Mainz Severity Score Index 

(MSSI) was also applied. Data on left ventricular mass (LVM) index, mean 

ventricular wall thickness (MWT) and glomerular filtration rate (GFR) were used to 

assess cardiac and renal involvement.  

Results: The most commonly reported clinical features in females were neurological 

(77%) and cardiac (59%). History of renal involvement was recorded in 40%. 

Neurological features were the earliest to develop (mean age, 16 years), whereas 

cardiac (mean age, 33.5 years) and renal (mean age, 37.3 years) features began later. 

LVM index increased exponentially with age. In addition, age was negatively 

correlated with estimated GFR and HRQoL. 

Conclusions: Females with Fabry disease report important age-related clinical 

features and clinical investigation demonstrates evidence of disease progression. This 

study highlights the importance of careful and longitudinal assessment of female 

heterozygote patients with Fabry disease. 

Key words: Fabry disease, Fabry Outcome Survey, heterozygotes 
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INTRODUCTION 

Fabry disease (OMIM 301500) is a rare X-linked lysosomal storage disorder, 

resulting from deficiency of α-galactosidase A activity.[1] The estimated incidence of 

Fabry disease is 1 in 117 000 male live births,[2] though estimates vary from 1 in 

40000 to over 1 in 400 000. Fabry disease is a multi-system disorder in which storage 

of the principal substrate globotriaosylceramide occurs in a wide variety of tissues 

including vascular endothelium, renal glomeruli and tubules, dorsal root ganglia, 

cardiac myocytes, conducting tissue and valves, cornea and skin. Clinical features 

include vascular skin lesions (angiokeratoma), proteinuria, progressive renal 

impairment, painful paraesthesiae of the hands and feet (acroparaesthesiae), cardiac 

hypertrophy, conduction abnormalities, corneal dystrophy, hypohidrosis and impaired 

temperature regulation. In affected males, life expectancy is approximately 50 

years.[3]  

 

Although textbook descriptions of Fabry disease refer to X-linked recessive 

inheritance and only a mild clinical phenotype in a minority of female ‘carriers’, 

recent research has emphasized the prevalence of disabling clinical features in a 

majority of heterozygous females.[4-8] In a recent study of female ‘carriers’ aged 12–

65 years, clinical manifestations were observed in all 20 females studied.[7] 

Acroparaesthesiae were reported in 18 females and were usually the first symptom to 

occur, with a mean age of onset of 10 years (range, 4–23 years). Clinical examination 

also revealed signs of renal and cardiac involvement in more than half of this group.  
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Enzyme replacement therapy (ERT) for Fabry disease was licensed in Europe 

in 2001 under the provisions of the orphan drug legislation; however, evidence of 

safety and efficacy was provided by the results of clinical trials conducted almost 

entirely in male patients.[9, 10] Data from one open-label uncontrolled study in 15 

heterozygous female patients showed evidence of improvement in health-related 

quality of life (HRQoL) and a reduction in left ventricular mass (LVM) following 

treatment with agalsidase alfa.[11] Published information on the effects of ERT on 

signs and symptoms in females is otherwise limited. Although ERT has been licensed 

for use in female patients, the paucity of evidence of clinical benefit in women has led 

to difficulties in securing this treatment in some European countries.  

 

FOS – the Fabry Outcome Survey – is a European outcomes database for all 

patients with Fabry disease who are receiving or are candidates for ERT with 

agalsidase alfa (Replagal®, TKT Europe, Danderyd, Sweden). In recent years 

asymptomatic female heterozygotes who are not immediate candidates for ERT have 

also been recruited to the database.  The description of the database and the baseline 

demographic data within it have been published recently.[12] Of the 366 patients 

registered at the time of that report, 165 were female and 61 of these were index 

cases. The mean age of onset of symptoms in these index cases was 22.6 years; 

however, on average patients were not diagnosed until 16.3 years following the onset 

of symptoms. Neuropathic pain was reported in 64% of all registered female patients, 

with dermatological features in 50%, proteinuria in 33%, cardiac features in 65%, left 

ventricular hypertrophy in 28%, cerebrovascular events in 27%, auditory symptoms in 

47%, gastrointestinal symptoms in 50%, fatigue in 28% and ocular signs (mainly 
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corneal dystrophy) in 53%. Mean age at death in 24 affected female relatives of 

patients in FOS was 55.4 years. 

 

Thus it is clear that heterozygous females suffer from clinically important 

symptoms and signs of Fabry disease. However, the rate of progression of serious 

complications in females, in particular renal and cardiac dysfunction and structural 

abnormalities, is not known. Nevertheless, such information is necessary in order to 

judge the effectiveness of ERT in this chronic disorder. The aim of the present study 

was to examine in further detail the clinical features and natural history of Fabry 

disease, including the results of key clinical investigations, in a large group of female 

patients using data available from FOS.  

 

METHODS  

Patients 

The FOS database has been approved by the ethics review boards of all participating 

centres, and all patients have given written informed consent. At the time of this 

analysis (August 2004), FOS contained data on 608 patients, of whom 303 (50%) 

were female. Of the female patients, 141 (47%) were receiving ERT with agalsidase 

alfa at a dose of 0.2 mg/kg body weight intravenously every 2 weeks. Patients had 

received treatment for a mean duration of 12.7 (SD, ± 12.1) months. 

 

Data collection 

Upon enrolment into FOS, each patient’s medical history is documented by a 

physician or nurse specialist. Uniform case reports, documenting demographic details, 

family history, mode of diagnosis, clinical features, treatment and outcomes are 
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submitted electronically to the central FOS database. Pain is assessed using the Brief 

Pain Inventory (BPI), which has been validated for most European countries.[13-15] 

HRQoL is assessed using the European Quality of Life Questionnaire (EQ-5D).[16, 

17] Overall disease severity is assessed using a minor modification of the Mainz 

Severity Score Index (MSSI),[18] to make use of the format of the data as entered in 

FOS (FOS-MSSI). This involves the modification of several parameters, which are 

recorded in ordinal format in the original MSSI index, for the binary format of data in 

FOS. Datasets are not complete for all registrants; where numbers of registrants are 

quoted below, n is the number for whom the relevant data are complete. 

 

Input of data on cardiac and renal function is optional in FOS. 

Echocardiographic data is reported in a uniform manner. LVM is calculated using the 

equations: 

 

LVM (g) = 0.8 [1.04 (IVSd+LVd+PWd)3 – LVd3] + 0.6 

LVM (g/m2.7) = LV mass/height2.7 

MWT (cm) = (IVSd +PWd)/2 

 

Where IVS is interventricular septum thickness at end-diastole, LVd is left ventricular 

internal diameter in end-diastole, PW is posterior wall thickness at end-diastole and 

MWT is mean wall thickness. 

 

Echocardiographic data is reported by a consultant cardiologist in each 

participating centre. Glomerular function is assessed using an estimated glomerular 

filtration rate (GFR) derived from the serum creatinine concentration (measured 
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locally) and sex using the short version of the Modification of Diet in Renal Disease 

(MDRD) formula: 

 

GFR (ml/minute/1.73 m2) = ([186.3 x serum creatinine (mg/dl)-1.154] x [age 

(years)-0.203]) x 1.212 (if of African origin) x 0.742 (if female)  

 

Serum creatinine concentrations were adjusted to account for differences in 

methodology used in individual laboratories and changes in methodology over time. 

Results from enzymatic assays for serum creatinine were modified to bring them into 

line with results from the classic Jaffé method. 

Alpha galactosidase A activity was estimated in plasma or leukocytes by the 

participating centres according to their own methodology and reported as absent, 

reduced or normal according to local reference ranges. 

 

Statistical analysis 

Numbers are reported as means (± SD). For correlations, Spearman’s correlation 

coefficient for ranked data was used. Regression analysis was used to describe the 

effect of age on disease parameters. 
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RESULTS 

Patient demographics and clinical features 

Data are available from 303 female patients enrolled in FOS. Mean age at entry into 

FOS was 38.2 ± 18.0 years. Diagnosis was made at a mean age of 31.8 ± 16.8 years (n 

= 268), while the mean age at onset of symptoms was 19.7 ± 15.4 years (n = 187). 

Patients were recruited from 65 centres from 11 European countries. The 303 females 

came from 148 families.  

 

The frequency and age at onset of disease-specific clinical features, as 

reported by the patient using the checklist of predefined clinical features developed 

for FOS, are shown in Table 1. The most common features were neurological and 

cardiac which were reported in 77% and 59% of patients, respectively. Neurological 

features were also the earliest to develop, beginning at an average age of 16.0 years, 

whereas cardiac features began somewhat later, at an average age of 33.5 years. Of 
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note, self-reported indicators of renal involvement were observed in 40% of patients 

and these began at an average age of 37.3 years. Other signs and symptoms involving 

the eye and gastrointestinal system were also common, being observed in 50% of the 

females for whom these data were available. 

 

When the signs and symptoms were analysed in more detail, the predominant 

symptoms reported were acute attacks of pain (classed as neurological), affecting 57% 

of patients. The next most frequent features were angiokeratoma and cornea 

verticillata. A high proportion of patients (35%) were also reported to have 

proteinuria. Of the cardiac manifestations reported by the patient, left ventricular 

hypertrophy was declared in 26% of the female population studied, and palpitations 

were reported by 20%.    

 

Table 1. Frequency and age at onset of specific signs and symptoms of Fabry disease 

in females (n = 248).   

 Frequency Age at onset 

 Proportion of 

population (%) 

Number of 

patients 

Mean ± SD Number of 

patients  

Cerebrovascular 25 61 38.8 ± 17.5 35 

Stroke 7 18 49.9 ± 14.5 15 

TIA 7 17 42.9 ± 14.6 13 

Neurological 77 192 16.0 ± 14.0 99 

Pain attacks 57 142 16.6 ± 15.0 98 

Chronic pain 32 80 20.7 ± 14.5 55 

Cardiac 59 147 33.5 ± 18.1 66 

Chest pain 15 37 41.5 ± 16.3 16 

Palpitations 20 50 41.6 ± 15.3 30 
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LV hypertrophy 26 65 50.4 ± 11.3 35 

Renal/Urinary 40 100 37.3 ± 16.6 61 

Proteinuria 35 86 38.8 ± 18.2 59 

Dialysis  1 40.0 1 

Transplants 1 2 40.1 ± 1.2 2 

Gastrointestinal 50 124 21.4 ± 16.6 65 

Diarrhoea 19 46 19.0 ± 15.8 23 

Constipation 15 37 23.3 ± 18.5 22 

Auditory 48 119 29.8 ± 18.7 71 

Tinnitus 29 71 27.9 ± 15.9 46 

Vertigo 32 80 34.1 ± 17.9 58 

Sudden deafness 4 9 36.5 ± 20.0 8 

Ophthalmological 50 123 31.1 ± 18.9 76 

Cornea verticillata 40 99 32.3 ± 20.2 72 

Tortuous vessels 6 14 34.4 ± 23.6 8 

Posterior subcapsular 

cataract 

2 6 61.3 ± 8.7 3 

Dermatological 44 108 29.0 ± 16.1 60 

Angiokeratomas 40 100 28.6 ± 15.5 59 

Telangiectasia 8 19 29.3 ± 17.9 10 

LV, left ventricular; TIA, transient ischaemic attack 

 

Clinical investigations 

Echocardiographic assessment of LVM prior to ERT was available in 140 patients. 

LVM was measured according to Devereaux [19] and indexed to actual body height 

to the power of 2.7. Mean LVM index was 50.2 g/m2.7 (SD, ± 26.1) at a mean age of 

38.9 years (SD, ± 17.7). Hypertrophic cardiomyopathy was considered to be present if 

the LVM index exceeded 50 g/m2.7. Mean ventricular wall thickness in female 

patients in FOS was 11.0 mm (SD, ± 3.4). Mean GFR in 215 female patients enrolled 
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in FOS prior to ERT was 76.8 ml/minute/1.73 m2 (SD, ± 17.3) at a mean age of 43.3 

years (SD, ± 14.5), excluding those below 18 years of age. Classification of renal 

function according to the Kidney Disease Outcomes Quality Initiative guidelines 

showed that among females in FOS, 13% have Stage III (moderate), 66% have Stage 

II (mild), and 21% have Stage I (normal) renal function.[20] 

 

Disease severity and progression in untreated female patients  

The LVM index (Fig 1) increased exponentially with age (r = 0.73, p <0.001, n = 140) 

and mean ventricular wall thickness increased linearly with age (r = 0.8, p < 0.001, n 

= 154). Age was also negatively correlated with estimated GFR (assessed using the 

MDRD equation), with a decline in GFR of 0.64 ml/min per year (Fig 2; r = –0.55, p 

< 0.001, n = 215). In addition, age was negatively correlated with HRQoL; however, 

there was no correlation when adjusted for the expected normal decline in quality of 

life with age. No correlations with age were found for the BPI dimensions.  

 

The FOS-MSSI score correlated positively with age (Fig 3; r = 0.42, p < 

0.001, n = 248) and the number of affected organ systems (r = 0.82, p < 0.001, n = 

248). The FOS-MSSI correlated inversely with HRQoL, as assessed using the EQ-5D 

utility score (r = –0.42, p < 0.001, n = 130), a measure of the deviance of the EQ-5D 

scores from age- and gender-matched UK reference data [21] (r = –0.35, p < 0.001, n 

= 130), and the visual analogue scale of the EQ-5D (r = –0.47, p < 0.001, n = 110).  
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Proteinuria 

The effect of age on GFR was not seen in a subgroup of 38 female patients with 

proteinuria (protein >300 mg/24h). The mean GFR was 74.5 ml/minute/1.73 m2 (SD, 

± 14.6), at ages ranging from 17–68 years. 

 

Longitudinal data 

Longitudinal data are available for many parameters in FOS in individual untreated 

patients; however, more data are needed before this can be subjected to a thorough 

statistical analysis. The longitudinal data available in FOS on mean ventricular wall 

thickness are shown as an example (Fig 4).  

 

 

 

Mortality 

Mortality data are available for relatives of some of the patients enrolled in FOS. The 

mean age at death in 53 female relatives (assumed by the registrant to be 

heterozygous for a Fabry disease mutation) was 49.8 years (SD, ± 12.3; median, 49.0) 

(Fig 5).  

 

Enzyme activity 

Data on plasma or leukocyte enzyme activity was available in 213 patients. Cross-

tabulation with disease severity, as determined by the FOS-MSSI, demonstrated that 

among 83 patients with normal enzyme activity, 31% had a score above 20 (moderate 

disease severity), whereas among 97 patients with reduced enzyme activity, 18% had 
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a score above 20. No women carrying the D313Y amino-acid substitution, associated 

with pseudodeficient activity in plasma, were included in this analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

This study, involving the largest cohort of females heterozygous  for Fabry disease, 

confirms the findings of MacDermot et al. and Whybra et al.,[4, 7] that the majority 

of females who are heterozygous for disease-causing mutations in the α-galactosidase 

A gene report clinical features of Fabry disease. Indeed, in the present study severe 

manifestations of disease were common, with 77% of women reporting neurological 

involvement, 59% cardiac involvement and 40% renal involvement. Although the 

onset of symptoms was not as early as is typically observed in males, the majority of 

signs and symptoms assessed had developed by the third and fourth decades of life; 
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however, there was considerable variation between individuals. This study 

demonstrates the considerable delay between onset of symptoms and diagnosis in this 

group of women. In an earlier analysis of the FOS database, Mehta and co-workers 

[12] had reported a similar prevalence of symptoms and a wide range of disease 

expression in females. One possible explanation for this variation is skewed X-

chromosome inactivation.[22] Early in embryonic development one of the two X-

chromosomes in each somatic cell becomes inactivated, which results in patchy and 

variable expression of the defective gene. This may impact upon the degree of disease 

expression observed. Two groups have shown an association between patterns of X-

inactivation in peripheral blood leukocytes and clinical severity of Fabry disease[23, 

24]. In a recent review Dobyns suggests that most X-linked conditions are neither 

dominant nor recessive[25]. In view of the high prevalence of symptoms in females, 

we suggest that the X-linked inheritance of Fabry disease should no longer be 

regarded as recessive and that the term ‘carrier’ should be avoided, if possible, as it 

may give the false impression to a patient or relative, ignorant of the terminology of 

medical genetics, that females are asymptomatic or only mildly affected. 

 

 It is worth commenting on the fact that the severity of disease was not related 

to plasma or leukocyte activity of α-galactosidase A. This serves to reinforce the point 

that the measurement of α-galactosidase A activity in plasma or leukocytes is of no 

diagnostic or prognostic value in females and should not be used to determine 

treatment options. The enzyme deficiency is intracellular and occurs only in cells 

where the X-chromosome carrying the wild-type allele is inactivated. Activity of the 

enzyme in plasma or leukocytes may not reflect the situation within the lysosome of 

relevant cell types in Fabry disease. 
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Also noteworthy, is that proteinuria was not associated with a more rapid decline in 

GFR in these women, in fact the reverse was the case. This finding should prompt 

further study into the prognostic relevance of proteinuria in Fabry disease.   

 

 One potential source of bias of data in FOS relates to the possibility that the 

more severely affected female patients, who attend their physician on a more frequent 

basis and who are either on ERT or are immediate candidates for this treatment, are 

more likely to be registered in the database. However, a secular trend apparent in FOS 

is that as the relative number of women registered in FOS has approached the number 

of male patients and as more mildy affected and asymptomatic women have been 

recruited, the average reported severity of the condition has lessened. The prevalence 

of features of Fabry disease in women in FOS should not be interpreted as being the 

same as the prevalence in all females heterozygous for disease-causing mutations. 

Nevertheless, this is a rare condition, and we report on 303 women, a number equal to 

that of males registered in the database. The prevalence of disease manifestations in 

this study is similar to the prevalence of features as reported by MacDermot and co-

workers,[4] who in their study, attempted to trace all known obligate heterozygous 

females in the UK. One way to examine potential bias would be to compare disease 

severity in index cases and individuals diagnosed through pedigree analysis. FOS 

permits only an approximate estimate of index cases, according to whether the 

diagnosis was made by a clinician or through an affected family member. Using this 

method, we found no significant difference between the number of affected organ 

systems between index cases and those identified by pedigree. 
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Assessment of the severity of disease revealed that cardiac and renal 

involvement increased progressively with age. Using the relationship between age and 

disease parameters as a tool to examine the natural history of a disease has potential 

disadvantages. Survivor bias (based on the early death of more severely affected 

patients), may dilute the apparent rate of progression of the disease and perhaps even 

give rise to a false impression of improvement over time.[26] Selection bias, as a 

result of the recruitment of young, mildly affected females through pedigree analysis, 

and older severely affected index cases, may also give a false impression of disease 

progression. We examined our data for such bias (data not shown), and although older 

women were more likely to be index cases, disease severity did not differ significantly 

from those identified by pedigree analysis. Despite these disadvantages, this approach 

allows the early reporting of results from large numbers of individuals, which is 

important in rare diseases such as Fabry disease.  

 

It has previously been established that the MSSI is a useful tool for assessing 

the severity of Fabry disease. This disease-specific severity score has the advantage of 

summarizing the diverse aspects of disease expression and of concentrating on those 

aspects of health most relevant to Fabry disease. In the present study, a modification 

of this index, the FOS-MSSI, was used and results showed that the score obtained 

correlated positively with age and the number of affected organ systems. The score 

was also found to correlate inversely with HRQoL, indicating that increasingly severe 

disease is associated with a poorer quality of life. This suggests that the modified 

score is a suitable index for assessing the severity of Fabry disease in women enrolled 

in FOS. 
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Although longitudinal data are limited, the data available from FOS are 

consistent with the hypothesis that Fabry disease in women is progressive. 

Interestingly, data available on the female relations of women enrolled in FOS show 

that the mean age at death was approximately 50 years. 

 

In conclusion, females with Fabry disease show evidence of deterioration of 

HRQoL, renal function and cardiac size with advancing age. FOS is a useful tool to 

evaluate the phenotype and natural history of this orphan disorder, and the 

information gathered will serve as a baseline against which to evaluate the effects of 

enzyme replacement or other new treatments. Change in the rate of decline of quality 

of life parameters, severity score indices, renal function and left ventricular mass 

should be considered as measures of outcome of enzyme replacement therapy. The 

progressive nature of the condition mandates thorough and repeated clinical 

assessment of affected female heterozygotes.  
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FIGURE LEGENDS 

Figure 1. Left ventricular mass (LVM) index according to age in 140 untreated female 

patients with Fabry disease enrolled in FOS.  

 

Figure 2. Glomerular filtration rate (GFR) according to age in 215 untreated female 

patients with Fabry disease enrolled in FOS. 

 

Figure 3. Positive correlation between the FOS-MSSI score and age in 248 untreated 

female patients enrolled in FOS.   

 

Figure 4. Longitudinal data on mean ventricular wall thickness in untreated female 

patients with Fabry disease enrolled in FOS. 

 

Figure 5. Age at death of 53 female relatives of patients enrolled in FOS. 
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