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Abstract

Background: Fabry disease (FD) is an X-linked lysosomal storage disorder characterized by multiorgan dysfunction.
Since individuals with FD usually experience progressive clinical disease manifestations, their health-related quality
of life (HRQOL) is expected to change over time. However, there is limited longitudinal research examining HRQOL
outcomes in individuals with FD. We aimed to: assess longitudinal outcomes in HRQOL in adults with FD; examine
the physical- and mental HRQOL trajectories at the initial registration (baseline), 3-5 year, and 7-13 year follow-ups;
and evaluate the possible associations of age, sex and medical complications with the physical- and mental HRQOL
trajectories.

Methods: Forty-three individuals with FD (53% female) who were aged 18 to 81 years at baseline attended clini-

cal follow-up visits between 2006 and 2020. Medical records were extracted retrospectively. Demographics and the
36-item Short-Form Health Survey (SF-36) were recorded at scheduled visits, except for the last data collection which
was prospectively obtained in 2020. The physical (PCS) and mental (MCS) composite scores (SF-36) were chosen as
outcome measures.

Results: The eight SF-36 domain scores were stable over a span of 13 years, and only physical- and social function-
ing domains worsened clinically over this follow-up period. Mean baseline SF-36 domain scores were all significantly
lower (decreased HRQOL) in the FD sample compared with Norwegian population norms. Two hierarchical linear
models were run to examine whether demographics and medical complications (measured at the last clinical visit)
predicted physical and mental HRQOL trajectories. Age above 47 years (p <0.001), male sex (p=0.027), small fibre
neuropathy (p <0.001), renal dysfunction (p <0.001), and cerebrovascular events (p=0.003) were associated with
lower HRQOL over time. No significant interactions were found between the time of follow up and the abovemen-
tioned predictors of HRQOL.

Conclusions: Overall HRQOL trajectories remained stable between baseline, 3-5 year, and 7-13 year follow-ups, with
the majority of individuals reporting decreased physical and mental HRQOL. Medical complications in combination
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with older age and male sex are important predictors of lower HRQOL in FD. Awareness of this relationship is valuable
both for health care providers and for patients. The findings provide indicators that can guide treatment decisions to

improve physical and mental HRQOL outcomes.

Keywords: Quality of life, HRQOL, SF-36, Longitudinal studies, Fabry disease, ERT, Kidney disease, Neuropathic pain

Introduction

Fabry disease (FD; OMIM 301500) is a life-threatening
X-linked lysosomal storage disorder caused by a patho-
genic variant in the GLA-gene resulting in deficiency of
the enzyme a-galactosidase A (a-Gal-A) [1]. Subsequent
accumulation of globotriaosylceramide causes progres-
sive tissue damage that leads to cardiovascular [2, 3],
renal [2, 4] and cerebrovascular dysfunction [5-7]. Neu-
ropathic pain is typical, especially in male patients, often
starting in early childhood and triggered by fever, fatigue
or stress [8, 9]. FD is divided into classic early-onset dis-
ease (severe course with no residual enzyme activity)
or nonclassical later-onset disease (milder course with
residual enzyme activity) [10, 11]. Disease-specific treat-
ment involves enzyme replacement therapy with regular
intravenous infusions of a-Gal-A or a-Gal-B [12, 13]. The
classic phenotype occurs in 1:40,000 males [14]. Females
are also affected with FD manifestations ranging from
mild to severely symptomatic, usually with a later age of
onset [15, 16]. The multifaceted impact of the medical
complications associated with FD may have long-lasting
consequences for the individual’s physical and mental
functioning. Ongoing difficulties with pain, fatigue, anxi-
ety, depression, and employment are reported in adult life
[17-19]. The importance of including both medical indi-
cators and health-related quality of life (HRQOL) meas-
ures in clinical FD follow-ups has been recognized [10,
20, 21]. HRQOL is a multidimensional concept referring
to “the subjective evaluation of the impact of the health
status in domains related to physical, mental, emotional,
and social functioning” [22].

Studies report that FD may affect all aspects of life,
resulting in decreased HRQOL in both males and
females compared to healthy individuals [11, 23-25].
The factors that are reported to influence HRQOL
with FD are disease severity [11, 26], phenotype [11],
cardiovascular complications [20, 27], stroke or tran-
sient ischaemic attacks [27], kidney disease [20, 27],
gastrointestinal pain [28, 29], neuropathic pain [11,
20] and small fibre neuropathy [30]. Some studies have
found enzyme replacement therapy (ERT) to have a
positive effect on HRQOL [31-33] while others have
reported no relationship [23, 34, 35]. Men and women
with FD may experience reduced HRQOL, but gener-
ally younger males (18-25 years of age) report lower

HRQOL than younger females [21]. Older individuals
(> 50 years) with classical FD have lower HRQOL than
younger individuals [11, 15, 21].

Investigations of longitudinal changes in quality of
life in populations with chronic and rare disorders are
generally scarce [22]. Longitudinal studies in which the
same variables are measured over time for the same
sample of FD patients are needed. This research is a ret-
rospective longitudinal study including data on individ-
uals with FD collected over a decade. The aims were to:
assess longitudinal outcomes in HRQOL in adults with
FD across ages and sex using eight domains of the Med-
ical Outcomes Scale 36-item Short-Form Health Survey
(SF-36); examine the physical- and mental HRQOL (SE-
36) trajectories in adults with FD at baseline, 3-5 year,
and 7-13 year follow-ups; and evaluate the associations
of demographic and medical complications with the
physical- and mental HRQOL trajectories.

Methods

Study design and patient population

This study included individuals with FD who were
being followed in a clinical program at Oslo University
Hospital, Norway, between 2006 and 2020. Inclusion
criteria were a likely pathogenic or pathogenic muta-
tion in the a-GLA gene and age > 18 years. Data from
medical records covering the period 2006-2019 were
extracted retrospectively. A total of 46 persons with
FD (19 males and 27 females) with an average age of
49.4 years who were followed up between January 2006
and June 2020 were invited to participate in the study.
They received written information about the study by
mail (March 2020) or in conjunction with their clini-
cal follow-up assessments in the period April to August
2020. Ten persons declined to participate. There were
no significant differences between participants (n=36)
and nonparticipants (n=10) regarding age (p=0.827)
or sex (p=0.412). Participants completed question-
naires that assessed quality of life, pain, fatigue, and
mental health. The Norwegian Regional Committee for
Medical Research Ethics in southeastern Norway gave
permission to include data for deceased individuals.
The final sample included 43 persons (20 males and 23
females), including those who died (n=7) in the 2006—
2019 period.
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Clinical and laboratory measures

In the period 2006-2019, HRQOL was assessed using
the SF-36 at clinical follow-ups at the hospital. The
SE-36 data from 2020 were collected by post in sealed
envelopes and included 36 individuals. A total of 148
SF-36 questionnaires were completed by participants
and deceased individuals from baseline to 13-year
follow-up. For this paper, we chose to include SF-36
scores representing three distinct time periods. The
3-5 and 7-13 year timeframes were selected in order
to include maximum amount of longitudinal data col-
lection. There were 43 (100%), 30 (86%) and 16 (39%)
patient SF-36 assessments at baseline (1st clinical visit),
between 3-5 year follow-ups, and 7-13 year follow-
ups, respectively. The last SF-36 data obtained in the
3-5 year and 7-13 year follow-ups were included.
Fourteen patients had more than three SF-36 assess-
ments and these data were excluded (59 data points).
Additional file 1: Bar chart 1 shows the total number
of SF-36 records at each year of follow-up from base-
line to 13 years. These are grouped by SF-36 or SF-36
not included at baseline (1st clinical visit), between
3-5 year follow-ups, and 7-13 year follow-ups.

Routine clinical and laboratory data were collected by
physicians and nurses. Cardiac, kidney, small fibre func-
tion, and cerebral parameters were measured repeatedly
over several years using echocardiography, electrocar-
diogram, laboratory data, quantitative sensory testing
and brain magnetic resonance imaging (MRI at baseline
and then every two years). These medical parameters
were collected at the first visit (2002—2020) and the last
clinical visit (2009—2020). Clinical data at the first visit
had more missing values than at the last visit; therefore,
the last clinical visit parameters were chosen as predic-
tors of HRQOL. These parameters were collected at least
4 months before the study’s inclusion, which started in
March 2020. In four cases, the last clinical visit data were
collected at the same point of time as the SF-36 outcome
data in 2020.

Of note, the phenotypical classification of classical or
nonclassical FD was not applied in this study. Instead,
participants (males) were categorized on the basis of
a-Gal-A enzyme activity using the cut off < 2%.

Cardiac parameter. Changes in the myocardium
were quantified by measurements of septal wall thick-
ness and cardiac ejection fraction (EF<50%). Left
ventricular hypertrophy was defined as a septal wall
thickness>11.5 mm. Previous or persistent arrhyth-
mia, angina pectoris, myocardial infarction, coronary
stent implantation, and coronary artery bypass sur-
gery were defined as cardiovascular events. Pacemakers
and implantable cardioverter defibrillators (ICDs) were
registered.
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Small fibre neuropathy was assessed by quantitative
sensory testing. Heat detection thresholds, cold detection
thresholds, heat pain detection thresholds, and cold pain
detection thresholds were determined using a computer-
ized Thermotest® (Somedic AB, Sweden). Heat- and cold
detection thresholds were calculated as the average of five
consecutive temperature recordings. These thresholds
were determined at the thenar eminence of one hand,
at the lateral aspect of one thigh, at the lateral aspect of
both legs approximately 15 cm below the knee level, and
at the dorsum of both feet. Thresholds were compared to
healthy controls tested for quantitative sensory testing in
our lab [36]. Findings of increased thresholds for either
heat- or cold detection thresholds or both at the dorsum
of the feet indicated a small fibre neuropathy.

The measured glomerular filtration rate (nGFR) is the
gold standard for assessing renal function in adults with
FD [37], and we used the fractional reduction in plasma
activity of technetium (99mTc-DTPA) at four time points
after intravenous injection. Renal replacement therapy
i.e., haemodialysis or kidney transplantation, was regis-
tered (yes/no).

Cerebral parameter. Our definition of a cerebrovascu-
lar event included a history of clinical stroke or transi-
tory cerebral ischaemic event or evidence of a previous
ischaemic event on brain MRI scan.

Treatment. Enzyme replacement therapy (ERT) was
agalsidase alfa (Replagal) or agalsidase beta (Fabra-
zyme) given every two weeks by intravenous infusion.
Another pharmacologic treatment of FD was chaperone
migalastat. In total, 36 participants were receiving Fabry-
specific treatment in 2020.

Self-reported HRQOL outcomes

The Short Form (SF-36v2®) Health Survey is a 36-item
self-evaluation instrument designed to measure the
impact of disease on activities of daily living and quality
of life [38]. The SF-36 is a generic measure and can be
used across age (18 years and older), diseases and treat-
ment groups, including FD [23]. The SF-36 is a patient
reported outcome measure that allows comparison of
quality of life with other chronic diseases and may cap-
ture changes in HRQOL or symptoms over time. How-
ever, SF-36 is not a disease specific measure and this may
limit its use in people with chronic diseases since it might
not capture the typical symptoms and burdens associ-
ated with these conditions, which can have a significant
impact on HRQOL.

The SF-36 consists of eight health domains: (PF) Physi-
cal Functioning; (RP) Role-Physical; (BP) Bodily Pain;
(GH) General Health; (VT) Vitality; (SF) Social Func-
tioning; (RE) Role-Emotional; and (MH) Mental Health.
A licence from Quality Metric was used for scoring
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(Licence Agreement QMO049911). Domain raw scores
were transformed into a scale score with a range of 0-100
(worst to best). According to data from studies in normal
populations, a 10-year change of>5 points from baseline
was considered clinically significant for each of the eight
SF-36 domains [38, 39]. Age- and sex-matched normative
data from the Norwegian population were used for com-
parison [40]. The eight domains were weighted and sum-
marized into physical component summary (PCS) scores
and mental component summary (MCS) scores. The
PCS and MCS are expressed as standardized T-scores
(mean value of 50, SD +10). Higher scores indicate better
HRQOL.

Ethical statement

All protocols and methods were approved by the Nor-
wegian Regional Committee for Medical Research Ethics
in southeastern Norway (number 31513) and the Data
Protection Officer at Oslo University Hospital (number
20/01134). Information about the study and question-
naires was distributed by mail, and written informed
consent was collected from all participants. FD-related
information was retrospectively collected from medical
records after consent had been received.

Statistical analysis

Statistical analyses were performed using IBM SPSS 25
Statistics. Means and standard deviations (SDs) are pre-
sented for continuous normally distributed data; medians
and interquartile ranges (IRs) are presented for non-nor-
mally distributed data; and frequencies are presented for
categorical data. T-tests, Mann—Whitney U tests and X?
tests were used to examine differences in age and medi-
cal variables between males and females. The SF-36 com-
ponent scores (PCS, MCS) showed a normal distribution
using the Kolmogorov—Smirnov test. Hierarchical linear
modelling (HLM) analysis was used to examine potential
predictors for the SF-36 component scores (PCS, MCS).
The SF-36 scores were used as dependent variables with
three time points coded as 0 (baseline), 4 (3—5 years), and
10 (7-13 years). The following covariates were included
in the model: sex, age at baseline, cardiac EF <50%
(yes/no), small fibre neuropathy (yes/no), mGFR (ml/
min), and a history of cerebral vascular disease (yes/
no). Covariate data were entered simultaneously as fixed
effects. Age and mGFR were centralized with the total
sample mean values before being entered into the HLM.
The model handled missing data (PCS, MCS) at the fol-
low-ups through maximum likelihood estimation, thus
retaining all 43 participants. Statistically significant fixed
effects on the SF-36 scores were then graphed across
each of the time points. The main effect would indicate
that the SF-36 scores over time vary as a function of the
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predictor variable. Uncertainty in the PCS and MCS esti-
mates was evaluated using a bootstrap with 1000 replica-
tions. The statistical significance was set at p <0.05.

Results

Sample characteristics

Descriptive statistics for demographics and medical char-
acteristics at the last clinical visit are presented in Table 1
for the total sample (n=43) and for men and women.
Fifty-three percent of the participants were females,
and the mean (SD) age at baseline was 47.0£15.3 years
(range 18-81). The most frequent clinical manifesta-
tions were left ventricular hypertrophy (59%), cornea
verticillata (56%), reduced hearing (50%), small fibre neu-
ropathy (49%), pre-cerebral vessel arteriosclerosis (43%)
and a history of a cerebrovascular event (35%). A total
of 12 males (60%) had a-GAL-A enzyme activity <2%.
More male (75%) than female (26%) subjects experi-
enced small fibre neuropathy (»<0.001). Similarly, only
men (26%) received Renal replacement therapy. Of the
participants who were alive in 2020, all males received
either ERT (n=11) or chaperone (n=5), while 50% of
females received either ERT (n=9) or chaperone (n=1)
in 2020. The mean duration of Fabry-specific treatment
was 9.6 years (SD 7.0) for males and 5.2 years (SD 5.6) for
females (p=0.09).

The SF-36 domain score changes over time

The SF-36 domain scores remained unchanged across
ages and sex from baseline up to the 7-13 year follow-
up. Figure 1 illustrates the mean SF-36 domain scores at
each selected time frame in comparison with normative
data in a Norwegian cross sectional study [40]. Clini-
cally significant negative changes (mean difference>5
points) [39] occurred in two domains only, physical
functioning and social functioning, between baseline
and 7-13 year follow-ups. The role emotional domain
showed an improvement up to 3-5 years, followed by a
decrease between 3-5 years and 7-13 years. The Vital-
ity domain showed the lowest mean score compared to
other domains. The FD study sample showed significantly
lower domain scores across all eight domains at base-
line (PE, RP, BP, GH, VT, and SF p<0.001; RE and MH
p<0.05) compared to values from a Norwegian general
population cohort [40]. Comparisons between males
and females with FD and Norwegian general popula-
tion SF-36 scores for both sexes [41] are presented in
Additional file 2: Fig. SIA—Males and Additional file 3:
Fig. SIB—Females.

Predictors of HRQOL trajectories
Unconditional Models. The PCS model showed a signifi-
cant estimated subject variance of 122.63 (Wald Z=2.62,
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Table 1 Demographics and clinical characteristics of the study sample
Demographics Total Men Women P
n=43 n=20 (47%) n=23(53%)
Age in 2020 (range 21-78) (n=36) 49.8 (15.1) 502 (13.1) 482 (16.8) 701
Age at first clinical visit (range 18-81) 47.0(15.3) 444 (8.8) 492 (19.2) 313
Medical variables last clinical visit
a-GAL-A enzyme activity < 2% 12 (28%) 12 (60%) 0 (0%)
Cornea verticillata (n=41) 23 (56%) 8 (44%) 15 (65%) 183
Left ventricular hypertrophy (n=41) 24 (59%) 12 (63%) 12 (55%) 577
Cardiac ejection fraction (EF < 50%) 10 (23%) 6 (30%) 4 (17%) 329
Pre-cerebral vessel arteriosclerosis (n =40) 17 (43%) 10 (56%) 7 (32%) 131
Pacemaker/ICD implant 8 (19%) 5(25%) 3(13%) 315
Clinical history of cerebrovascular event? 15 (35%) 8 (40%) 7 (30%) 512
Small fibre neuropathy 21 (49%) 15 (75%) 6 (26%) 001
Measured GFR (ml/min) 69.0 (26.5) 62.8 (30.1) 74.4 (22.6) 154
Renal Replacement Therapy (tx/dialysis) 5(12%) 5(26%) 0 (0%) .012
Reduced hearing/tinnitus 21 (50%) 11 (55%) 10 (46%) 537
Lyso-GB3 (ng/ml) (n=36) 5.0(8.2) 7.3(27.3) 49 (6.3) .188
Currently on ERT/chaperone (n=36) 26 (72%) 16 (100%) 10 (50%) .001
Medical conditions up to last clinical visit
Gastrointestinal disease (acute or chronic) 14 (33%) 4 (20%) 10 (44%) 101
Diabetes mellitus 2 (5%) 1 (5%) 1 (4%) 919
History of cancer 9 (21%) 3(15%) 6 (26%) 373
Chronic obstructive pulmonary disease 12 (28%) 7 (35%) 5(22%) 334
Coronary artery stenoses (by angiography) 4 (10%) 3(15%) 1 (5%) 249

The significance of bold is p < 0.05

Values are mean (4 SD) or n (%) except for Lyso-GB3 with values median (IR)

Gender differences using t-test or x’-test, as appropriate. Abbreviations: a-GAL-A, enzyme a-galactosidase A; ERT, enzyme replacement therapy; GFR, Glomerular

filtration rate; ICD, implantable cardioverter-defibrillator

2 Clinical stroke /transitory ischaemic event, or evidence of a previous ischemic event on MRI brain scans

p<0.01) and a significant estimated residual variance of
32.66 (Wald Z=4.79, p<0.001). The MCS model showed
a nonsignificant estimated subject variance of 24.59
(Wald Z=1.74, p=0.08) and a significant estimated
residual variance of 67.41 (Wald Z=4.90, p<0.001).
These analyses suggest that there was a sufficiently large
score variance within subjects to proceed with the HLM.
A spaghetti plot of 30 participants demonstrated interin-
dividual variability in MCS scores between baseline and
the 3-5 year follow-up (see Additional file 4). Uncondi-
tional linear, quadratic and cubic models were then ana-
lysed without the covariates for PCS and MCS scores
over time (see Additional file 5).

Full models. The two HLM models fitted for the PCS
and MCS scores were constructed using 129 observa-
tions from 43 participants. The full HLM models exam-
ined whether linear HRQOL trajectories over time could
be predicted by sex, age at baseline and medical compli-
cations assessed at the last clinical visit. Bivariate cor-
relations among predictors of HRQOL and the PCS and

MCS baseline scores are presented for reference (see
Table 2).

The covariates in the models (PCS and MCS) are
presented in Table 3, which shows their standardized
coefficients () and statistically significant and non-
significant fixed effects from the HLM, as well as 95%
confidence intervals. Across the three time points, no
significant changes were found in the PCS and MCS
trajectories (p>0.05). Figure 2 depicts the PCS trajec-
tories of sex and age and the MCS trajectories of small
fibre neuropathy (yes, no) and history of cerebrovascu-
lar events (yes, no). Female sex (p<0.05) and younger
age (p<0.001) were significantly associated with bet-
ter physical HRQOL. Male participants in particular
demonstrated declines in physical HRQOL (see Fig. 2),
although this group size was small (n=20); thus, con-
fidence intervals were wide for the HRQOL variable.
Participants without small fibre neuropathy and those
with higher mGFR values (Table 3) showed better
physical HRQOL (ps<0.001). There were no trends
regarding the association of age and sex on mental
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for the SF-36 domains are presented in Additional files 2 and 3, respectively

Table 2 Bivariate correlations between demographics, medical conditions and HRQOL trajectories

Variables Physical HRQOL = Mental HRQOL  Sex Age EF Neuro-pathy  Higher GFR  Cerebro-
vascular

MCS baseline 07 -

Sex 23 .05 -

Age at diagnosis - 01 16 -

Cardiac ejection fraction (EF <50%)  .35** —.12 15 — 48%  —

Small fibre neuropathy A0** 09 A9** - 25 A5¥* —

Higher GFR (ml/min) 37%% 06 22 — 43% 36% 18 -

History of cerebrovascular events 24 19 10 —-.20 18 07 32% -

*p<0.05; **p<0.01
HRQOL = Health-related quality of life (SF-36); GFR = Glomerular filtration rate

HRQOL, but there was substantial variation among
individual trajectories (see Additional file 4), as evi-
denced by the wide prediction intervals. Participants
with EF <50% (p=0.003) and without small fibre neu-
ropathy (p=0.031) had better mental HRQOL (see
Fig. 2). In each of the HRQOL models (Table 3), those
without a history of cerebrovascular events had better
physical- and mental HRQOL (ps <0.01). There were no
statistically significant interactions between time at fol-
low-ups and the identified significant predictors for the

physical and mental HRQOL trajectories (Table 3). This
suggests that the slopes of the participants’ HRQOL
trajectories did not change differentially over time as a
function of sex, age, small fibre neuropathy, mGFR or
history of cerebrovascular event.

Discussion

To the best of our knowledge, this is the first study to pre-
sent longitudinal outcomes in HRQOL in adults with FD,
with observations covering more than a decade. A main
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Table 3 Predictors of each quality of life trajectory (SF-36) across baseline, 3-5 year and 7-13 year follow-ups

Predictor variable Physical Component Summary (SF-36) Mental Component Summary (SF-36)
B SE p 95%Cl 95%ClI B SE p 95%Cl 95%ClI
Lower Upper Lower Upper
Bound Bound Bound Bound
Intercept 32.21 235 001 26.83 36.11 47.57 232 .001* 42.82 51.94
Time of assessment —005 024 852 —0.51 046 —008 024 775 —0.51 040
Male sex —524 234 027* —864 0.73 —-007 022 731 —595 4.80
Younger age at diagnosis 0.25 0.06 .001* 0.13 0.37 0.03 007 544 —0.10 0.17
Cardiac ejection fraction (EF < 50%) 3.14 253 148 —1.66 8.19 —685 274 003* —1189 —0.95
Small fibre neuropathy 11.66 229  .001* 6.59 15.51 524 301  .031% —0.74 11.17
Higher GFR (ml/min) 0.21 004 .001% 0.12 0.28 003 004 326 —0.06 0.12
History of cerebrovascular events 512 1.99  .003* 1.65 9.34 4.51 196 .004* 0.70 8.16
— 2LL without interaction 636.9 642.9
Time*Significant predictors
Time*Gender 0.25 076 771 —146 1.62 - - - - -
Time*Age —001 003 655 —0.06 0.05 - - - - -
Time*Cardiac EF < 50% - - - - - —021 080 .79 —145 1.76
Time*Small fibre neuropathy 043 069 560 —1.04 1.64 —005 080 943 —2.00 1.28
Time*Measured GFR (ml/min) —0.01 0.01 404 —0.03 0.01 - - - - -
Time*History of cerebrovascularevent  —030 076 713 —1.78 1.21 067 063 916 —147 1.05
— 2LL with interaction 631.7 642.7
*=p<.05

Predictor variables (age, GFR) are centered at mean. Lower scores on the measured GFR indicate worse renal function
Abbreviations: EF, ejection fraction; GFR, Glomerular filtration rate
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Fig. 2 Significant predictors for the Physical Component Summary and Mental Component Summary HRQOL trajectories (SF-36). Note. Scores are
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finding was that the FD sample exhibited stable scores of
both physical and mental HRQOL trajectories over the
course of 13 years. Two HLM models were run to exam-
ine the association of age, sex and medical complications
with physical and mental HRQOL trajectories. The anal-
yses showed that sex, age, small fibre neuropathy, mGFR,
cardiac ejection fraction and a history of cerebrovascular
events were significant predictors of HRQOL trajecto-
ries. No significant interactions were found between the
time of follow-ups and the abovementioned predictors of
HRQOL.

Individuals with FD in the current study had lower
SF-36 domain scores (lower HRQOL) than the general
population [40]. These results are in line with a larger
review [23] and original studies that found decreased
HRQOL in individuals with FD [11, 20, 21, 26, 27]. Fur-
thermore, the SF-36 domain mean scores were simi-
lar to those reported by a recent Brazilian study in FD
[26] and a Dutch study in 2013 [42]. Notably, the SF-36
mean scores were generally higher in recent FD studies
than scores reported in an FD study in 2002 [27]. This
difference may be associated with different selection of
samples with FD and that individuals included in recent
studies may have milder FD phenotypes or receive better
FD treatments.

In this retrospective longitudinal study, HRQOL tra-
jectories remained relatively stable in the FD group from
baseline and assessments at the 3-5 year and 7-13 year
follow-ups. Since individuals with FD usually have many
medical sequelae, their HRQOL is predicted to be nega-
tively affected and expected to change over time. Other
studies have shown that individuals with FD decline in
HRQOL with disease progression over time [21, 23, 33].
For example, one study observed that HRQOL declined
in 42% of individuals with FD over a 4-year period in a
home-based ERT program [32]. In our sample of Nor-
wegian patients with FD, negative changes over time
occurred only in the domains of physical functioning and
social functioning (a scale difference of <5), suggesting
more difficulties in physical health, personal relationships
and perhaps social difficulties. Future studies should
investigate whether interventions that target physical and
mental health as well as social participation may improve
HRQOL over time in individuals with FD.

Age above the mean value (>47 years) in our study
was associated with decreased physical HRQOL over
time, in line with past research that found that older age
(>50 years) in FD was related to lower HRQOL [11, 21].
It is possible that HRQOL scores in older individuals
may reflect FD disease severity as previously reported
[23, 35], rather than an association of age alone. Data
reported for the Norwegian population show that older
age (65-96 years) was negatively associated with all
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SFE-36 scale scores [41]. This comparison with norma-
tive data suggests that HRQOL starts to decline at a
much younger age in individuals with FD in our study
than in the general population and maybe as young
as 25 years of age as reported by Wilcox et al. [21].
Decreased physical HRQOL was reported by males in
our study. In other studies, the relationship between
age and sex was a contributing factor of lower HRQOL,
with significantly lower HRQOL in untreated males
with classic FD after the age of 40 [27] and in treated
males with classic FD after the age of 50 years [11]. The
HRQOL scores observed for females with FD at base-
line in our study were lower than those of the normal
female population. Physical decline at age 55 years
among females with FD was reported in another study
[21] and resembled the HRQOL reported for females
with multiple sclerosis and rheumatoid arthritis [25].

Decreased HRQOL in our FD sample and the con-
tribution of medical complications (heart, kidney, and
cerebrovascular) to that relationship shown in the two
HLM models corroborate previous studies [20, 27, 30].
For instance, our results revealed that individuals with
low mGFR (worse renal function) showed decreased
physical HRQOL, consistent with another study that
reported estimated GFRs [20]. However, renal function
did not predict mental HRQOL. An impact of mGFR on
physical rather than mental HRQOL trajectories would
seem more probable, as more severe renal dysfunc-
tion inevitably leads to worsening of physical function.
Furthermore, the presence of small fibre neuropathy,
often manifested by chronic pain in the extremities,
had a negative impact on both physical and mental
HRQOL. To the best of our knowledge, the use of ther-
mal threshold investigations to predict HRQOL in FD
has not been previously described. Although no linear
relationship has been established between subjective
pain and small fibre function in FD [43], neuropathic
pain is regarded as one of the most challenging aspects
of FD [11, 44]. Other studies investigating HRQOL in
FD found that subjective pain affected mood and enjoy-
ment of life [24], as well as HRQOL [20].

One-third of the patients with FD in our study had a
history of at least one cerebrovascular event, which was
associated with lower scores on both physical and mental
HRQOL over time. It is well known that persons with FD
may have cognitive deficits after cerebrovascular events
and may experience functional and neurocognitive
decline [45, 46], which, in our clinical experience, could
affect psychosocial and mental health. Interestingly,
while previous studies suggested a relation between sex
and mental health, with females with FD reporting bet-
ter psychological health [45, 47], this was not confirmed
in the mental HRQOL model. An association between



Sigurdardottir et al. Orphanet J Rare Dis (2021) 16:427

cardiac EF <50% and mental HRQOL is hard to explain.
However, a moderately reduced EF (40-50%) seems
unlikely to negatively affect mental health.

Since we started collecting study data right as the
COVID-19 pandemic hit Norway, we saw the need to
consider the pandemic’s impact on the SF-36 results
obtained in 2020. In the present study, SF-36 data col-
lected before the pandemic (baseline) were compared
with SF-36 data collected during the pandemic. There
were no significant differences (paired t-tests) between
baseline and 2020 data (n=236; PCS, p=0.642 and MCS,
p=0.454). Based on this comparison, a general impact
of COVID-19 on physical or mental HRQOL seems less
likely.

This retrospective study integrates the strengths of an
FD program with yearly clinical follow-up and systemati-
cally collected long-term medical data, providing us with
the opportunity to study the same sample over time and
to determine the clinical significance of medical com-
plications on HRQOL. Considering that 100% of males
in our study received ERT or chaperone treatment, it is
plausible that such treatment may have haltered disease
progression and hence reduced the potential negative
relationships of kidney and cardiovascular diseases on
HRQOL.

Limitations

FD is a rare disease, and it is therefore challenging to
obtain a large sample size, limiting the number of varia-
bles that can be included when modelling outcomes. One
limitation is that disease severity was not evaluated in a
structured manner (e.g., using the Mainz severity score
index or the Fabry disease severity scoring system—DS3
[48, 49]) at each follow-up. Another limitation is that the
cohort might not be representative of all individuals with
FD in Norway. In addition, the 7-13 year timeframe is a
long period and the data from baseline may be more rep-
resentative of a younger Fabry population, while the data
collected up to the 13-year HRQOL assessments may be
more representative of older individuals.

Despite these potential limitations, the study sheds
light on the influence of sex, age, and FD-related medical
complications on HRQOL. This information may be used
for informing health professionals, individuals with FD
and their families, and in the development of health care
services for individuals with FD.

Conclusions

This retrospective longitudinal study is the first to
describe the course, demographic and medical predic-
tors of longitudinal HRQOL in adults with FD. The
results suggest that HRQOL remains relatively stable
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over a period of 13 years. Age above 47 years, male sex,
small fibre neuropathy, decreased renal function and a
history of cerebrovascular events are related to lower
physical HRQOL outcomes. Small fibre neuropathy did
have a negative relationship on both physical and mental
HRQOL trajectories. In addition, those with a cerebro-
vascular event reported decreased physical and mental
HRQOL. Although the relationship between medical
complications in FD and HRQOL remains complex, early
identification of declining HRQOL may reveal oppor-
tunities to improve outcomes and quality of life. These
findings have clinical implications (e.g., co-management
of care delivery) and provide indicators (e.g., medical
parameters, lab values) that can guide interventions to
improve physical and mental health in individuals with
FD. A deeper knowledge of how medical parameters are
inter-related and how they associate with self-reported
HRQOL might help us reach more well-founded treat-
ment decisions in vulnerable patients. Insights obtained
from studies of HRQOL in FD should guide clinicians
from various disciplines to understand the patient’s needs
early after diagnosis and allow for an individualized plan
for future health care.
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