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Abstract Fabry disease (FD) is a pan-ethnic, X-linked,
progressive lysosomal storage disorder caused by patho-
genic mutations in the GLA gene. Published case reports
and abstracts suggest that decreased reproductive fitness
may occur in males with FD. In order to understand the
impact of FD on reproductive fitness and increase the
accuracy of reproductive genetic counseling, this study
examines a large, multi-centered population of individuals
with FD to determine if males have reduced reproductive
fitness. Study data were collected on 376 patients through
two, gender-specific surveys distributed across the United
States and Canada. The number of biological live-born
children among individuals with FD was compared to
statistics from the general population. Information was also

collected on reduced sperm count, depression, pain, use of
assisted reproductive technology, and reproductive choice.
On average, females affected by FD had more biological
live-born children (1.8) than males affected by FD (1.1).
However, males affected by FD had an increased mean
number of biological children (1.1) compared to the mean
number of biological children fathered by men in the United
States (0.9). Sixteen of the 134 males with FD reported
oligospermia, which suggests that an infertility work up may
be indicated for males having difficulty impregnating their
partners. In our large multicenter sample, males and females
with FD do not exhibit reduced reproductive fitness; on
average they have more biological children than the general
population in the United States. This information should
assist clinicians in providing accurate reproductive genetic
counseling and treatment for individuals with FD.

Introduction

Fabry disease (FD) (OMIM 301500) is a pan-ethnic, X-
linked, multi-systemic, progressive lysosomal storage dis-
order caused by mutations in the GLA gene. These
mutations result in decreased or deficient levels of the
enzyme a-galactosidase A (a-gal A) (EC 3.2.1.22). This
deficiency of a-gal A causes the accumulation of globo-
triaosylceramide (GL3 or GB3) and related glycosphingo-
lipids in the vascular endothelium (Desnick et al. 2001; Eng
et al. 2006). The glycosphingolipid storage initiates a
cascade of events beginning with the dysfunction of basic
metabolic processes on the cellular level and moving into
cell death, inflammatory events, and progressive major
organ dysfunction (Eng et al. 2006).

The incidence of FD ranges from 1 in 1,250 to 1 in
117,000 live male births worldwide, with an increased
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incidence of mutations expected to result in non-classical or
later onset FD (Hopkins et al. 2015; Inoue et al. 2013;
Meikle et al. 1999; Mechtler et al. 2012; Lin et al. 2009;
Zarate and Hopkin 2008; Hwu et al. 2009; Spada et al.
2006). The symptoms and progression of FD are highly
variable, from classical FD with early and severe onset of
symptoms to non-classical or later onset FD with symptoms
that may have a more severe impact on a particular organ
system (cardiac, neurological, or renal) or may present in
adolescence or later rather than childhood (Eng et al. 2006;
Smid et al. 2015; Biegstraaten et al. 2010; Desnick et al.
2001; Laney et al. 2015). These symptoms affect both
males and females and vary among individuals (Eng et al.
2006; Wang et al. 2007; Desnick et al. 2001; Hopkin et al.
2008).

Unlike the characteristic features and symptoms of FD,
reproductive health issues have only been reported in
individual case reports and not examined systematically in
a large FD population. In particular, there have been several
pathology-focused case reports of males with azoospermia
and FD, males with storage of GL3 in testicular biopsies,
and diminished fertility and FD (de Groot 1964; Guin et al.
1976; Lacombe et al. 2010; Papaxanthos-Roche et al. 2007;
T€or€ok et al. 1980). The most informative case report
focused on biopsies from a deceased 32-year-old male with
FD. As reported, biopsies revealed multiple areas of
significant GL3 storage (Leydig cells, epithelial of ductuli
efferentes, ductus of the epididymis, testicular interstitium,
and seminiferous tubules) but undisturbed fertility in the
patient despite the reduced diameter of the seminiferous
tubules (Nistal et al. 1983). In a separate report on two
testicular biopsies which found storage of GL3 in the
Leydig cells by optic and electronic microscopic analysis in
two individuals with azoospermia and FD, authors suggest
male patients desiring children may need to use assisted
reproductive technologies such as testicular sperm extrac-
tion (TESE) and intracytoplasmic sperm injection (ICSI)
(Papaxanthos-Roche et al. 2007; Lacombe et al. 2010;
T€or€ok et al. 1980).

Another reproductive health issue that could have a
negative impact on reproductive fitness in FD, priapism,
has also been reported via case reports in males with FD
(Labarthe et al. 2010; Foda et al. 1996). However, in a
study of 48 male patients with FD, Biegstraaten et al. found
nearly normal male sexual function and autonomic control
of the cardiovascular system using the Autonomic Symp-
tom Profile in their sampling of patient with FD as
compared to a control population (Biegstraaten et al. 2010).

Similarly, a small scale study from Hauser et al. assessed
ovarian, testicular, and adrenal function in a cohort of 13
patients with FD (6 females and 7 males, including 3 males
on hemodialysis) and found undisturbed hormonal function

and a normal fertility rate in both male and female patients
when compared with the corresponding Austrian popula-
tions. The three males on maintenance hemodialysis had
abnormal plasma levels of LH, prolactin, and testosterone
consistent with their uremic state. All 13 patients had a-gal
A enzyme levels below normal at a mean of 17.70 nMol/
mg protein/h � 19.51 (1–48) (Hauser et al. 2005).

A single-site pilot study in 2007 investigated the
differing rate of live-born children between males and
females with FD and found that males affected by FD who
have completed their families have a reduced rate of live-
born children (1.7 children per male on average) as
compared to females affected by FD (3 children per female
on average) (Laney et al. 2008). This data was counter to
the existence of several very large families with males with
many offspring that had been published in the clinical
setting (Veronik et al. 2004; Spence et al. 1978).

Finally, males with FD may choose to reduce the number
of or not have biological children, as previous studies have
shown that individuals with genetic conditions make
different reproductive decisions than individuals without
known genetic risks (Beeson and Golbus 1985; Hersh-
berger et al. 2012; Read 2002). If males with FD are
choosing to have fewer children, this raises the possibility
that they have reduced reproductive fitness when compared
to females with FD and/or the national rates of reproduc-
tion.

The scientific literature offers several theoretical factors
that could contribute to decreased fitness in males with FD
including: mechanical blockage of the vas deferens due to
glycolipid storage, autonomic dysfunction, reduced life
expectancy, depression and decreased social adaptive
functioning, or personal choice (Laney et al. 2010; Wagner
et al. 2014; Arends et al. 2015; Germain et al. 2015;
Waldek et al. 2009). In order to provide accurate genetic
counseling about their reproductive fitness to individuals
affected by FD, we conducted a multi-center, large scale
study to determine if reproductive fitness is decreased in
males with FD and, if so, delineate specific risk factors or
issues related to decreased fitness. We anticipate this
information will increase the accuracy of comprehensive
monitoring and treatment plans, and help determine if there
is skewing in the incidence calculation of FD.

Methods

Institutional Review Board Approval

This study has been reviewed and approved by the Emory
University Institutional Review Board. All participants
completed a consent process prior to participating in the
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study. Documents approved for this study included recruit-
ment flyers, recruitment emails, consent information forms,
and surveys.

Participants and Recruitment

Recruitment for the study was a multifaceted effort.
Recruitment flyers were mailed to Emory Lysosomal
Storage Disease Center patients who met inclusion criteria.
In addition, notice of this study was included on the Fabry
Support and Information Group (FSIG) and the National
Fabry Disease foundation (NFDF) website and Facebook
pages. Study investigators attended and recruited at local
and regional FD meetings sponsored by NFDF and FSIG.
Recruitment flyers were also distributed to genetic counse-
lors around the United States within Lysosomal Storage
Disease Centers of Excellence to provide to qualified
patients who may have an interest in participating.
Participating institutions included the University of Iowa,
Children’s Hospital of Wisconsin, the University of
Washington, and Massachusetts General Hospital.

Survey Population

Participants who completed the informed consent process
were screened to determine if they met study entry criteria.
Inclusion criteria for participating in the study required all
participants to be affected by FD, be over age 18 years, and
be able to provide informed consent. Subjects not meeting
these criteria were excluded. This includes five subjects
who completed the surveys, but did not record their sex on
the questionnaires. Demographic and reproductive data was
used to ensure that subjects’ survey data was not counted
more than once. The target participant population was 450
participants from all regions of the United States and
Canada.

Survey Design

Following completion of the consent process, patients were
asked to complete either a paper or online self-response
survey entitled “Reproductive Fitness in Individuals
Affected by Fabry Disease (FIT).” Separate questionnaires
were completed if the subject was male or female. The
survey for males consisted of 30 questions and was divided
into 4 parts: demographics, reproductive history, medical
history, and questions about their family and children. The
survey for females consisted of 36 questions and was
divided into 5 parts: demographics, reproductive history,
medical history, gynecological history, and questions about
their family and children. Key questions from the surveys
are provided in Appendix 1.

Statistical Analysis

Raw data was obtained from self-response queries and
analyzed using SAS 9.4 (SAS Institute, Cary, North Carolina,
USA). Demographic variables were summarized using fre-
quencies and proportions. Demographic variables of interest
were compared by sex, using chi-square tests and Fisher’s
exact tests, where appropriate. The number of biological live-
born children was summarized with medians and interquartile
ranges. Any children born to a parent affected by FDwho used
a donor egg or sperm in place of their biological contribution
were not reported as biological children. The proportion of
male participants who reported various characteristics related
to infertility was compared to reported statistics for the general
population. Cohen’s h was calculated to assess the stand-
ardized difference between the general population propor-
tions and those in our sample (Cohen 1988). As Cohen
suggests, h values of 0.2, 0.5, and 0.8 were interpreted as
“small,” “medium,” and “large” effect sizes, respectively.
Nonparametric Kruskal-Wallis tests were used to compare
the number of biological live-born children by sex and all
other demographic and survey variables of interest. These
included key health and behavior issues such as azoosper-
mia, oligospermia, depression, erectile dysfunction, environ-
mental exposures, having burning pain in hand/feet at less
than 10 years of age, renal failure, and knowing FD status
prior to having children. The mean number of biological
live-born children was compared with national population
estimates from the United States National Health statistics
report, the World Health Organization fertility data, and
World Bank fertility data by using paired comparison tests
(Martinez et al. 2012; The World Bank 2015; Cooper et al.
2010; Sharlip et al. 2002). Chi-square tests were used to
compare the distribution of the number of live-born children
among participants with FD to the distribution of live-born
children among the United States. All statistical tests were
assessed using an alpha ¼ 0.05.

Although we did not collect data on genotypes, studies have
shown that the majority of men with classical FD experience
neuropathic extremity pain (acroparesthesias) in childhood
(Hopkin et al. 2015; Laney et al. 2015; Smid et al. 2015).
To focus on the males most likely to have classical FD, we
separately analyzed the number of live-born children, infertil-
ity issues (including azoospermia and oligospermia), and use
of assisted reproductive technology (ART) in males with FD
who reported onset of neuropathic pain at age 10 or under.

Results

A total of 376 subjects (134 males, 242 females) consented
to participate in the study and completed the survey. The
mean age of participants who completed the survey was
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46.5 years with a range of 19–78 years and a median of
46 years. The majority of individual respondents were
Caucasian (332/376, 90%) with additional representation
from the Hispanic (18/376, 4.8%), Arab American (1/376,
0.27%), Native American (2/376, 0.50%), African-Ameri-
can (4/376, 1.1%), and Asian (5/376, 1.3%) populations
(Table 1).

Fabry Related Syndrome and Health History

The majority of male respondents with FD reported
experiencing the characteristic burning pain in the hands/
feet seen frequently in FD (115/134, 85.8%). A subset of
those males (75/134, 56%) reported onset of burning pain
at age 10 or younger. Additional health issues experienced

Table 1 Demographic characteristics of study subjects with Fabry disease, United States, 2013–2015

Characteristic

Total
N ¼ 376 Females

n ¼ 242
Males
n ¼ 134

P valueaN % n (%) n (%)

Recruitment source 0.330
Paper survey 131 (34.8) 80 (33.1) 51 (38.1)

Survey monkey 245 (65.2) 162 (66.9) 83 (615)

Age in 2014 (in years) 0.920
18–21 10 (2.7) 6 (2.5) 4 (3.0)

22–29 30 (8.1) 21 (8.8) 9 (6.7)

30–35 55 (14.8) 34 (14.3) 21 (15.7)

36–40 43 (11.6) 29 (12.2) 14 (10.5)

41+ 234 (62.9) 148 (62.2) 86 (642)

Race/ethnicity 0.318b

Caucasian, single race 332 (90.0) 211 (88.7) 121 (92.4)

Hispanic 18 (4.9) 11 (4.6) 7 (53)

African-American, single race 4 (1.1) 4 (17) 0 (0.0)

Other or mixed race 15 (4.1) 12 (5.0) 3 (23)

Highest level of education 0.327
No school 2 (0.5) 1 (0.4) 1 (0.8)

High school or less 75 (20.1) 51 (21.3) 24 (17.9)

Some college or technical degree 139 (37.2) 96 (40.0) 43 (32.1)

Four-year degree 60 (16.0) 34 (14.2) 26 (19.4)

Graduate education 98 (26.2) 58 (24.2) 40 (29.9)

Average annual household income 0.267
$0–$24,999 58 (17.8) 42 (20.4) 16 (13.3)

$25,000–$39,999 38 (11.7) 20 (9.7} 18 (15.0)

$40,000–$49,999 32 (9.8) 21 (10.2) 11 (9.2)

$50,000–$74,999 76 (23.3) 53 (25.7) 23 (19.2)

$75,000–$99,999 47 (14.4) 27 (13.1) 20 (16.7)

$100,000–$124,999 36 (11.0) 23 (11.2) 13 (103)

$125,000–$149,999 14 (4.3) 8 (3.9) 6 (5.0)

Over $150,000 25 (7.7) 12 (5.8) 13 (10.8)

Any biological children 253 (69.7) 178 (77.4) 75 (56.4) <0.001

med (IQR) med (IQR) med (IQR)

Number of liveborn children 2.0 (0–2) 2.0 (1–3) 1.0 (0–2) <0.001c

a Calculated by chi-square test with an alpha ¼ 0.05, unless otherwise noted
b Calculated by Fisher’s exact text with an alpha ¼ 0.05
c Calculated by Kruskal Wallis test with an alpha ¼ 0.05
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in more than 25% of the male respondents included
depression (55/134, 41.0%), anxiety (50/134, 37.3%), and
renal failure (45/134, 33.6%) (Table 2). In the majority of
cases, the onset of renal failure in the males occurred after
the reported age range at which they had their first
biological child. In males, erectile dysfunction (ED) was
reported in 19 males (19/134, 14.2%), with the majority
reporting onset after the birth of their first biological child
(onset at an average age of 50 with a range of 30–64 years
of age). Priapism was also reported in 2 out of the 134

males with FD (1.5%) and did occur during the subjects’
main time of reproduction. Data on Fabry related symptoms
and health history in females can be found in Table 3.

Rate of Biological Children

The majority (253/376, 69.7%) of individuals with FD in
the study reported having at least one biological child.
Stratified by gender, 56.4% of males (75/134) and 77.4% of
females (178/242) reported having at least one biological
child (Table 4), with males having an average of 1.1
biological children and females having an average of 1.8
biological children (Table 4). Females affected by FD have
significantly more live-born children than males affected by
FD (p < 0.001, Figs. 1 and 2). However, the mean number
of biological children among females with FD in our study
(1.8 children) is higher than the general United States
population average of 1.3 children (Table 4). This is also
true when compared to the Caucasian, non-Hispanic United
States population average of 1.1 children. Males affected by
FD also had an increased mean number of children (1.1 in
all males with FD) as compared to the mean number of
biological children fathered by all men in the United States

Table 2 Reproductive history of 134 males with Fabry disease,
United States, 2013–2015

Characteristic Level N

Number of live-born
biological children

Mean Median

Kruskal-
Wallis
P-value

Age at birth of first
child, in years

12–20 1 2.0 2 0.76
21–29 32 2.0 2

30–35 23 1.7 2

36–40 7 1.7 2

41–45 3 1.7 2

Age at birth of last
child, in years

21–29 24 1.8 2 0.51
30–35 28 1.9 2

36–40 14 2.0 2

41–45 4 2.5 2

Ever had depression No 78 1.1 1 0.53
Yes 55 1.0 1

Ever had renal
failure

No 88 1.0 1 0.40
Yes 45 1.2 l

Ever smoked No 52 1.0 1 0.06
Yes 23 0.5 0

Reported any pain No 18 0.8 0 0.16
Yes 115 1.1 l

Burning pain before
age 10

No 40 1.3 1 0.28
Yes 75 1.0 1

Anxiety No 83 1.1 l 0.73
Yes 50 1.0 1

Erectile dysfunction No 114 1.0 1 0.51
Yes 19 1.3 1

Reported any
infertility problems

No 57 1.6 2 0.01
Yes 32 0.9 0

Ever had an
infertility
evaluation

No 99 1.1 1 0.96
Yes 29 1.0 1

Low sperm count
(oligospermia)

No 117 1.1 1 0.39
Yes 16 0.8 1

Low sperm motility No 127 1.1 1 0.70
Yes 6 1.2 2

Used assisted
reproductive
technology

No 121 1.1 l 0.46
Yes 12 0.8 0

Table 3 Reproductive history of 242 females with Fabry disease,
United States, 2013–2015

Characteristic

Number of live-born biological children

Level N Mean Median

Kruskal–
Wallis
P-value

Ever had depression No 133 1.9 2 0.98
Yes 97 1.7 2

Ever had renal
failure

No 140 1.8 2 0.16
Yes 10 1.1 1

Reported any pain No 33 1.5 1 0.20
Yes 197 1.9 2

Burning pain before
age 10

No 112 2.0 2 0.20
Yes 85 1.8 2

Anxiety No 131 1.9 2 0.77
Yes 99 1.8 2

Panic No 196 1.8 2 0.90
Yes 34 1.8 2

Reported any
infertility
problems

No 157 2.2 2 0.04
Yes 40 1.6 1

Ever had an
infertility
evaluation

No 194 1.8 2 0.63
Yes 31 1.8 2

Used assisted
reproductive
technology

No 200 1.9 2 0.91
Yes 30 1.7 2
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(0.9) and among Caucasian, non-Hispanic men in the
United States (0.8) (Table 4).

Infertility in Males

Approximately 32 males with FD reported issues with
infertility (32/89, 36.0%). This is higher than the reported
general population rate of 7% of males of reproductive age

who reported having infertility issues (Krausz 2011). Simi-
larly, 29 males (29/128, 22.7%) reported seeking an
infertility evaluation to address specific male infertility issues
(Table 5). Although our data did not identify the age at
which the males with FD sought evaluation, the percentage
of males with FD seeking an infertility evaluation is twice
the general population rate in which 9.4% of all sexually
experienced men younger than age 45 report undergoing an
infertility evaluation (Chandra et al. 2014). There were 16
males (15/132, 11.4%) who reported being diagnosed with
low sperm count (oligospermia), 1 with no sperm detected
(azoospermia) (1/133, 0.8%), 4 with low testosterone (4/134,
2.99%), 1 with a varicocele (1/134, 0.75%), and 6 with low
sperm motility (6/134, 4.49%). Looking at a selected
population of males with FD who reported onset of
neuropathic pain at age 10 or younger, 9 out of 75 (11.4%)
males reported having either azoospermia or oligospermia.
The rate of oligospermia in our population of males with FD
(11.4%) was comparable to general population data which
found that 15% of males in the general population are
defined to have oligospermia (sperm concentration was
below 15 million/ml) (Jørgensen et al. 2012). (Table 5) This
is slightly lower than the rate of fertile men (male partners of
pregnant women) in a previous Jørgensen study in which 8%
had oligospermia (Jørgensen et al. 2001). The percent of
males with FD and azoospermia in our study (0.75%) was
lower than the general population rate in which 2% of all
men are reported to have azoospermia (Willott 1982).

Table 4 Mean number of children by sex and data source

Data source N Mean (S.E.)

Percent distribution (S.E.) for number of live-born childrenb

None 1 2 3 4+

Males (all)

National dataa, 2006–2010 � 0.9 (0.0) 55.2 (1.1) 15.8 (0.6) 17.0 (0.7) 7.9 (0.5) 4.1 (0.3)

Fabry data, 2015 133 1.1 (0.1) 43.6 (4.3) 17.3 (3.3) 30.8 (4.0) 6.0 (2.1) 2.3 (1.3)

Females (all)

National dataa, 2006–2010 � 1.3 (0.0) 44.4 (1.1) 16.2 (0.5) 21.0 (0.8) 11.5 (0.5) 6.9 (0.5)

Fabry data, 2015 230 1.8 (0.1) 22.6 (2.8) 20.4 (2.7) 30.9 (3.1) 13.9 (2.3) 12.2 (2.2)

White, non-Hispanic (single race)

Women

National dataa, 2006–2010 � 1.1 (0.0) 47.7 (1.4) 15.7 (0.7) 21.8 (1.0) 10.6 (0.6) 4.2 (0.4)

Fabry data, 2015 201 1.8 (0.1) 23.4 (3.0) 19.4 (2.8) 31.8 (3.3) 13.4 (2.4) 11.9 (2.3)

Men

National dataa, 2006–2010 � 0.8 (0.0) 58.9 (1.5) 14.9 (0.9) 17.0 (1.0) 6.6 (0.6) 2.6 (0.3)

Fabry data, 2015 120 1.1 (0.1) 44.2 (4.6) 18.3 (3.6) 28.3 (4.1) 6.7 (2.3) 2.5 (1.0)

Abbreviations: SE standard error
a National data is based on a survey of 10,403 men and 12,279 women which were weighted to reflect approximately 62 million men and
62 million women aged 15–44

b Chi-square tests were used to compare the percent distribution of number of live-born children among patients with Fabry’s disease to
corresponding national data. All statistical comparisons were significant as a result of the large sample size in the national data

Fig. 1 Distribution of biological children counts by gender
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Out of the 134 males with FD, 12 (9.0%) used infertility
services to attempt to impregnate their partners including:
intrauterine insemination, use of donor sperm, in vitro

fertilization, in vitro fertilization and use of donor sperm,
and partner taking hormones to increase ovulation. Of the
males who used donor sperm, three reported having oligo

Table 5 Reproductive characteristics of participants with Fabry disease compared to the general population, by sex

Characteristic Total respondents n (%) P in general population (%) Cohen’s ha

Males

Reported having infertility issues 89 32 (36.0) 7% (Krausz 2011) 0.75

Reported undergoing an infertility evaluation 128 29 (22.7) 9.4% (Chandra et al. 2014) 0.37

Low sperm count (oligospermia) 132 15 (11.4) 15% (Jørgensen et al. 2012) 0.11

Azoospermia 133 1 (0.8) 2% (Willott 1982) 0.11

Used ART 133 12 (9.0) 0.7% (Chandra et al. 2014) 0.44

Females

Reported having infertility issues 197 40 (20.3) 12% (Chandra and Copen 2013) 0.23

Reported undergoing an infertility evaluation 225 31 (13.8) 13.7% (Krausz 2011) 0.00

Used ART 230 30 (13.0) 0.7% (Chandra et al. 2014) 0.57

a Cohen suggests that h values 0.20, 0.50, and 0.80 can be interpreted as “small,” “medium,” and “large” effect sizes, respectively (Cohen 1988)

Fig. 2 Percent distribution of the number of liveborn children born to individuals in the general population as compared to individuals with Fabry
disease

JIMD Reports 91



or azoospermia and one chose to use a donor sperm in order
to avoid the risk of transmitting FD to his children.

Infertility in Females

Approximately 40 females with FD reported issues with
infertility (40/197, 20.3%) with 31 females (31/225, 13.8%)
seeking an infertility evaluation to address specific female
infertility issues. The number of females with FD reporting
issues with infertility is higher than the general population
rate of 12% of women aged 25–44 who report ever having
infertility issues, but equivalent to the number of females in
the general population seeking an infertility evaluation
(Chandra and Copen 2013; Chandra et al. 2014; Kessler
et al. 2013). Out of the 242 females with FD, 30 (12.4%)
used infertility services to attempt a pregnancy including:
use of donor egg, in vitro fertilization, and taking hormones
to increase ovulation (Tables 3 and 5). It is important to note
that at least three females used Pre-implantation Genetic
Screening (PGS) for FD and one used a donor egg to avoid
passing on FD rather than for reasons of infertility.

Adoption

In our survey, 13 males and 15 females with FD reported
adopting a least one child (28/376; 7.4%). Eleven of the 13
males with FD had adopted children and did not have any
biological children. Two of the 13 males with FD had at
least one biological child in addition to their adopted
children. Several males reported that their adopted children
were their stepchildren, their wife’s biological children.
Three of the females with FD reported adoptive children
and no biological children, while 12 had both adopted and
at least one biological study. Approximately 4% of US
families on average have at least one adopted child.
Individuals with Fabry disease in this study report a higher
than average incidence of having an adopted child in their
family at 7.4% (Kreider and Lofquist 2014).

Impact of Known Diagnosis of Fabry Disease

Elective Terminations

The psychosocial impact of having FD and making the
decision to have children could impact the rate of
reproductive fitness via personal choice. There were 21
out of the 273 females affected by FD that reported having
an elective pregnancy termination. Of the 21 reported
terminations, 3 were of male fetuses prenatally diagnosed
with FD, 3 were over the fear that the baby could be
affected by FD, and one was due to fetal exposure to the

teratogenic medication Dilantin for treatment of FD related
symptoms. In males who completed the question, 18
reported having a partner who had electively terminated at
least one pregnancy. No further information about the
reasons for the elective terminations was given in males.
These rates are comparable to the general population data
which found that 21% of all pregnancies (excluding
miscarriages) end in elective terminations with non-His-
panic white women accounting for 36% of abortions (Jones
and Jerman 2014; Jones et al. 2010).

Use of Preimplantation Genetic Diagnosis or Other
Assisted Reproductive Technology

Preimplantation genetic diagnosis (PGD) is available in the
United States for individuals with a known family GLA
mutation or for those who wish to implant only male or
female embryos. PGD is expensive and often not covered
by insurance; however, it offers an alternative to prenatal
testing. Using a donor sperm or egg to replace the
biological contribution of an affected individual is also an
option for parent who chooses not to pass on FD. Of these
males with FD, only four used donor sperm and one used
preimplantation genetic diagnosis for FD. Of female
respondents, three used PGD for FD in the past, one used
a donor egg, and four plan to use PGD to avoid passing on
FD in future pregnancies (one of these already has frozen
eggs to this end). Although this option may cause a larger
impact on reproductive fitness in the future, at this time the
option appears to be used minimally.

Reproductive Decision-Making and Fabry Disease

Survey questions specifically focused on personal repro-
ductive choice in individuals with FD and the possibility
that study subjects chose to have fewer children based on
their risk of passing on FD. These data were limited in that
individuals needed to know that they were affected by FD
prior to attempting pregnancies in order to have a choice. In
summary, 41/134 males and 71/242 females knew that they
were affected by FD prior to having children and completed
the survey questions about the impact of FD risk and
number of children. In females, 39 (39/242) respondents
said their knowledge impacted their decision-making
process and 19 (19/242) said it did not. In males, 14
respondents (14/134) said having FD did affect their
reproductive decision-making process and 12 respondents
(12/134) said it did not. The impact that knowledge of FD
had on reproductive decision making was very diverse with
an interesting range of free response and comment sections
about how it affected their personal choices. Some felt it
made little difference in their choices and they proceeded to
have the number of children they wished. Examples of free
response answers in this category are available in Appendix
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2. The knowledge that FD could be passed on to their
children did negatively impact the choice to have children
or have more children in approximately 50% of males and
67% of female respondents who knew they had FD, but
many of them still had at least one live-born biological
child and the rate of live-born children does not seem to be
greatly reduced based on the numbers reported.

Discussion

Analysis of self-reported reproductive data in a large cross
section of males and females with FD did not find reduced
reproductive fitness as compared to general population
data; instead, it indicated increased reproductive fitness in
males and females with FD. On average, participants with
FD had more biological, live-born children than the general
population in the United States. There was an increased
number of biological children seen in females with FD
compared with males with FD, which mirrors the general
population rates, but may also be affected by the expected
incidence of affected individuals with FD. However, there
is a subset of males with FD who did self-report infertility,
oligospermia, and the existence of at least one related sperm
or semen problems. Given the number of males with
oligospermia, the standard genetic counseling for FD
should include discussion of the option of semen analysis
for sperm count and motility where appropriate as well as
referral to reproductive centers and in vitro fertilization with
testicular sperm extraction and intracytoplasmic sperm
injection as appropriate and desired by the patient.
Furthermore, the data on the impact of a FD diagnosis on
reproductive decision making emphasizes the need to
explore the topic with patients. These discussions would
be added to the current genetic counseling recommenda-
tions including review of the inheritance pattern of FD,
identification of at-risk family members, addressing the
psychological impact of FD, and options for preimplanta-
tion and prenatal genetic testing (Laney et al. 2013).

The specific rationale for increased reproductive fitness
in males and females with FD as compared to the general
population rate was not uncovered in this study, but the
authors have a few hypotheses to explore in future studies.
The first is related to the impact of FD on daily life, career,
and motivation. Other studies have found that individuals
with FD have reduced social adaptive function, increased
fatigue, and more school absences than their peers due to
medical issues and appointments (Hopkin et al. 2008;
Laney et al. 2010). These factors could reduce the number
of individuals who continue their education after high
school. When women pursue higher education, they have
a delayed fertility pattern (Dye 2010). The opposite may
be true for women who do not pursue high education.
Another hypothesis, albeit with more anecdotal than firm

evidence, could be that given relationship stress caused by
having a chronic disease that includes fatigue, depression,
anxiety, and decreased social adaptive functioning may
lead individuals with FD to more divorces or dissolutions
of long-term relationships than the general population,
leading to an increased rate of serial long-term partners at
younger ages increasing the chances for additional
children.

The incidence of oligospermia in males diagnosed with
FD still seems more frequent than in the general population
and may be related to the significant glycolipid storage in
the male reproductive tract seen on pathology; however, it
doesn’t appear to significantly affect fertility in the majority
of males. This is consistent with a study that found that,
despite significant GL3 storage and narrowed vas deferens,
one subject still produced three children (Nistal et al.
1983). It is also consistent with other studies that found
largely normal endocrine hormone profiles and normal
male sexual function, and with the observed after that the
fertility rate in both female and male patients was equal to
or higher than the local fertility rate (Nistal et al. 1983;
Hauser et al. 2005; Biegstraaten et al. 2010). However, as
the National Survey of Family Growth found “sperm or
semen problems” in 14% of general population couples
seeking infertility evaluation, attention to the matter is still
indicated (Martinez et al. 2006).

There were no significant associations between the
number of biological children and other factors that could
theoretically impact reproduction in males with FD includ-
ing erectile dysfunction, pain, or depression. It appears that
though these factors may decrease quality of life, they do
not have a direct impact on reproductive fitness.

Limitations of the study include: the majority of respond-
ents were Caucasian, there may be a skewing toward
individuals with internet access and those who are active in
the FD community through attending in person meetings,
being on support group mailing lists, or participating in online
support groups. In addition, data on reproductive history,
Fabry disease related symptoms, infertility, and health history
symptom data was self-reported and not verified by medical
record review. The study design also did not provide specific
definitions for “infertility” which was interpreted differently
by different subjects based on free response answers used for
clarification. The study design introduces another bias in that
only those interested in this areamay have participated, andwe
did not directly collect genotypes to distinguish between
classical and nonclassical/later onset FD. In order to mimic
classical FD in analysis, we attempted to focus on “classically
affected males” by analyzing separately those who reported
pain onset in childhood at 10 years of age or younger;
however, we did not find a statistically significant difference
between males with early onset of pain and those without.
Assumptions about classical vs. nonclassical genotype based
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on symptoms reported was not possible, given the variable
presentation of symptoms in females with FD.

Future studies may choose to prospectively examine
changes in sperm count over time as compared to serum
glycolipid storage levels such as lysoGL3 in classically
affected males, as it remains possible that fertility decreases
due to glycolipid storage over time leading to lower fertility
in males with classical FD later in life. Another important
direction to explore would be the impact of treatment with
enzyme replacement therapy (ERT) on sperm count and
fertility in men with classical FD. Knowledge about the
reproductive impact of early treatment with enzyme
replacement therapy following newborn or family screening
will help patients understand the broader effects of therapy
and impact on their reproductive choices.
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Appendix 1: FIT Survey Sample Questions. Questions
Were Presented to Be Answered as Self-Response
Multiple Choice, Yes or No, and Free Response
Answers

FIT survey Sample question asked

Males

Part 2. General
Questions

“Do you have any biological children?”
Yes: _____ Number of boys ____ Number of
girls _____

No, but I have adopted children
No, I do not have any children biological or
adopted

“Have you ever gotten one of your partners
pregnant?”

“Have you ever had difficulties getting your
partner pregnant?”
Yes (please describe) __________________
No
I have never tried to make my partner
pregnant

“Have you ever experienced issues with
infertility?”

“Have you ever been used assisted
reproductive technology?”
Yes, my partner took hormones to increase
ovulation
Yes, we used a donor egg
Yes, we used a donor sperm
Yes we used in vitro fertilization
Yes, we used in vitro fertilization and
preimplantation genetic diagnosis
No, we have never used assisted
reproductive technology

Part 3. Medical
History

“Have you ever experienced any of the
following health issues?”

Hypertension/High Blood pressure, beginning
at age ___

(continued)
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Appendix 2: Reproductive Decision-Making and Fabry
Disease (Selection of Free Response Answers)

FIT survey Sample question asked

Burning pain in your hands/feet, beginning at
age ___

Fabry pain crises, beginning at age ___
Depression, beginning at age ___
Anxiety, beginning at age ___
Panic Attacks, beginning at age ___
Kidney failure, beginning at age ___
Liver disease, beginning at age ___
Erectile dysfunction, beginning at age ___
Low sperm count, beginning at age ____
No, none of the above.

“Do you take any medications for high blood
pressure?”
Yes, ______________ (medication)
beginning at age ___________

“Have you ever been treated for cancer or a
tumor?”

“Have you ever worked in a job that included
frequent exposure to industrial chemical,
pesticides, lead, heavy metals, or radiation/
Xrays?”

Part 4. Family
History

“Did you know that you had Fabry disease
before you considered having children?”

“If you did know that you had Fabry disease
prior to having children, did having Fabry
disease affect your decision to have
children?”

“Anything else about your reproductive
history or having babies while living with
Fabry disease that you think we should
know?”

Females

Part 2. Medical
History

“Have you ever experienced any of the
following health issues?”

Burning pain in your hands/feet, beginning at
age ____

Depression, beginning at age ____
Kidney failure, beginning at age ____
Polycystic ovaries, beginning at age ___
Abnormal uterine shape
Endometriosis, beginning at age ___
An STD such as herpes, which one? ___
Other chronic health issue(s) (other than
Fabry disease) not mentioned above

Part 3.
Reproductive
History

“Have you ever been pregnant”
If yes, number of times and how old were you
during the first trimester of each?

If no, have you ever tried to become
pregnant?

“At what age did you begin having your
periods?”

“Have you ever had difficulties getting
pregnant?”
Yes (please describe _________)
No
I have never tried to become pregnant.

“Have you ever had any concerns about your
ability to have children?”

“Have you ever experienced any issues with
infertility?”

(continued)

FIT survey Sample question asked

“Have you ever been evaluated for infertility
concerns?”

“Have you ever been used assisted
reproductive technology?”
Yes, I took hormones to increase ovulation
Yes, I used a donor egg
Yes, I used a donor sperm
Yes, I used in vitro fertilization
Yes, I used in vitro fertilization and
preimplantation genetic diagnosis
No, I have never used assisted reproductive
technology

“Have you ever experienced menopause?”

Part 4. Pregnancy
History

“How many times have you been pregnant?”

“Have you ever had a miscarriage?”

“Have you ever had an elective termination of
a pregnancy?”

“Have you ever had a termination of a
pregnancy for medication reasons?”

“How many children have you given birth to
___boys ___girls?”

“Were any of your children stillborn or died
soon after birth?”

“Do you have any adopted children?”

Part 5. Family
history

“Did you know that you had Fabry disease
before having children?”

If you did know that you had Fabry disease
prior to having children, did having Fabry
disease affect your decision to have
children?

Impact reported on the
reproductive decision-making
process of the knowledge that
they had Fabry disease Patient quotes

No negative impact “No, it <having Fabry disease>
didn’t matter . . . My wife and I
discussed Fabrys, and decided
we wanted at least 2 children.”

“No, not at all. My dad always
told me he had enjoyed his life
and was glad he was born and
hated when his dad told him if
he knew his boys would have
Fabrys he wouldn’t have had
them.”

“No, but it has changed that
decision for some of my family
members. I figure my life, even
though not easy, is worth it. So

(continued)
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