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Background: Pompe disease is a hereditary metabolic myopathy, for which enzyme replacement therapy
(ERT) has been available since 2006. We investigated whether ERT reduces fatigue in adult patients with
Pompe disease.
Methods: In this prospective international observational survey, we used the Fatigue Severity Scale (FSS) to mea-
sure fatigue. Repeatedmeasures ANOVAwas used to analyze the data over time. In a subgroup of patients, we also
evaluatedmuscle strength using theMedical Research Council Scale,measured pulmonary function as ForcedVital
Capacity, and assessed depression using the Hospital Anxiety and Depression Scale.
Results:We followed 163 patients for amedian period of 4 years before ERT and for 3 years during ERT. Before ERT,
the mean FSS score remained stable at around 5.3 score points; during ERT, scores improved significantly by 0.13
score points per year (p b 0.001). Fatigue decreased mainly in women, in older patients and in those with shorter

disease duration. Patients' improvements in fatigueweremoderately correlatedwith the effect of ERT on depression
(r 0.55; CI 95% 0.07 to 0.70) but not with the effect of ERT on muscle strength or pulmonary function.
Conclusions: Fatigue is a common and disabling problem in patients with early and advanced stages of Pompe
disease. Our finding that ERT helps to reduce fatigue is therefore important for this patient population, irrespective
of the mechanisms underlying this effect.
© 2013 Elsevier Inc. All rights reserved.
1. Introduction

Fatigue accompaniesmany chronic neuromuscular and neurological
disorders [1,2], and is often reported by patients with Pompe disease
[3–5], an inherited metabolic myopathy caused by deficiency of acid
alpha-glucosidase, a lysosomal enzyme. Pompe disease presents as a
wide clinical spectrum, the most prominent symptoms in adults being
muscle weakness and respiratory distress [6,7]. As well as these main
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Hospital Anxiety andDepression

ter for Lysosomal andMetabolic
ia Children's Hospital, P.O. Box
6801.
ör), j.m.devries@erasmusmc.nl
.kruijshaar@erasmusmc.nl
.murawska@erasmusmc.nl
n den Berg),
asmusmc.nl (P.A. van Doorn),
g@erasmusmc.nl (I. Plug),

rights reserved.
symptoms, many adults – however badly affected – complain of fatigue
[5].

The pathophysiology of fatigue in neurological disorders is not fully
understood. As well as physiological changes in themuscle or the Central
Nervous System (CNS), it may involve respiratory dysfunction and/or in-
adequate energy expenditure or energy production. Psychological fatigue
(‘weariness’) may also be involved [1,2,8].

At present there are no proven therapeutic strategies to combat
fatigue. Its general management involves identifying and treating con-
tributory factors such as psycho-sociological factors, sleep disturbances,
and comorbidities [1].

Since 2006, enzyme replacement therapy (ERT) has become available
for Pompe disease. Though this has been shown to positively affect respi-
ratory andmuscle functions in adults [9–13], very little is known about its
effect on fatigue. While three studies suggested that ERT reduces fatigue
in adult patients [14–16], we do not know of any study that has investi-
gated this subject in detail.

To establish whether ERT reduces fatigue, we therefore investigated a
large international cohort of adult Pompe patients. We also investigated
whether the potential effect of ERTon fatigue differed between subgroups
of patients, and whether it was related to improvements or changes in
muscle strength, pulmonary function, and/or depression.
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2. Material and methods

2.1. Patients and settings

Data were collected between May 2002 and February 2011 as part of
an ongoing observational follow-up study on the clinical course of Pompe
disease in patients in Australia, Canada, Germany, The Netherlands,
United States, United Kingdom, and in a small number of patients from
other countries. Patients were recruited through national patient organi-
zations or directly through our expertise center, the Center for Lysosomal
and Metabolic Diseases at Erasmus MC University Medical Center, as
described previously [3,5]. The study was approved by the Erasmus
MC Ethical Committee, and all participants provided written informed
consent.

Beyond a diagnosis of Pompe disease, there were no strict inclusion
or exclusion criteria for participation in the study. For the analyses
described in this paper, we included only patients aged 18 years and
older who were receiving ERT, and who had had at least 6 months of
follow-up before and after ERT.

2.2. Measurements

Each year, participants were asked to complete several question-
naires, including one on fatigue. Demographic and clinical data were
collected on country of residence, age, year of diagnosis, gender, disease
duration, and use of wheelchair and/or ventilator.

For patients seen at the Dutch center, more frequent measure-
ments and additional data were available from clinical assessments
and further questionnaires. As well as fatigue, these included pulmo-
nary function and muscle strength (assessed between January 2005
and August 2009) and depression (assessed between January 2005 and
February 2011) measured as described below.

2.2.1. Fatigue assessment
The severity and impact of fatigue were assessed using the Fatigue

Severity Scale (FSS) [17]. This self-report questionnaire focuses on the
physical symptoms of fatigue, and measures the severity of fatigue
and its impact on an individual's daily functioning. A mean score is cal-
culated from the nine items, which range from 1 (‘no signs of fatigue’)
to 7 (‘most disabling fatigue’). Scores ≥4 indicate the presence of
fatigue, and scores ≥5 severe fatigue [17,18]. As described previously
[5], we used the English, Dutch and German translations. The FSS has
demonstrated good internal consistency, reliability and validity in stud-
ies involving patients with several neurological disorders [5,17,19,20].
When individual item scores weremissing, themean FSS scorewas cal-
culated from the remaining items [5]. Themaximumnumber ofmissing
items per questionnairewas 2, andmissing itemswere found in only 2%
of the 1199 questionnaires completed.

2.2.2. Pulmonary function (Dutch patients)
Forced Vital Capacity (FVC) in sitting and supine positions was

measured using spirometry as described previously [21]. Results were
expressed as a percentage of the predicted normal value.

2.2.3. Muscle strength (Dutch patients)
Skeletalmuscle strengthwasmeasuredmanually in scores from 0 to

5 using the Medical Research Council (MRC) grading scale [22]. A sum
score was calculated by adding the grades of 26 muscle groups as de-
scribed earlier [23]. This sum score could range from 0 (total paralysis)
to 130 (normal strength), and was expressed as a percentage of the
maximum possible score of 130. When 3 or more muscle groups were
missing, the score was not calculated [23].

2.2.4. Depression (Dutch patients)
Symptoms of depression were assessed using the depression

subscale of the Hospital Anxiety and Depression Scale (HADS-D) [24],
which ranges from 0 to 21.The HADS has been widely used in different
disorders (including neuromuscular disorders), and has demonstrated
good reliability and validity [25].

2.3. Statistical analysis

Analyses of the longitudinally assessed fatigue scoreswere performed
using repeatedmeasures ANOVA (random coefficient models), which al-
lows for irregular measurement times. To assess the effect of ERT on the
mean FSS scores, the model included linear effects of time before ERT
and time after ERT. Per individual, the two segments connect at the
time ERT started, a method generally known as the “broken-stick”meth-
od or “piece-wise linear regression”. The two regression coefficients pro-
vide estimates of the mean annual change (slope) of the scores before
and after the start of ERT. The difference between these two provides
an estimate of the effect of ERT on the outcome measure.

For subgroup analyses, patients were divided into strata based on
gender, age, disease duration, wheelchair use, and use of respiratory
support, all at start of ERT.

For the Dutch patients we also analyzed the correlation between the
effect of ERT on the FSS and its effect on the MRC sum score, on FVC in
upright and supine positions, and on the HADS depression score. After
performing univariate analysis by using linear mixed-effects models
with broken-stick evolutions for the FSS and the three other outcomes,
we estimated random effects for each model using empirical Bayes
estimates (EB). Afterwards the correlation between the EB estimates
for FSS and the other outcomes was calculated. The significance of the
correlation coefficients was tested using 95% confidence intervals
obtained from 1000 bootstrap samples.

Data were analyzed using SPSS for Windows (version 17, SPSS Inc.,
Chicago, IL) and SAS (version 9.2, SAS Institute Inc., Cary, NC). Bootstrap
sampling was implemented in R (version 2.14). A p-value of≤0.05 was
considered statistically significant.

3. Results

3.1. General characteristics

The eligibility criteria were met by 163 adults (55% female) out of a
total of 383 patients participating in the survey. Thirty patientswere ex-
cluded as theywere younger than 18 years of age, 67were excluded for
not receiving ERT, 85 had no follow-upmeasurements (yet), and 38 had
less than 6 months follow-up before and/or after the start of ERT.

The 163 patients in our study (see Table 1) had amedian disease du-
ration of 13 years. The patients' median age at start of ERTwas 50 years
(range 24–76 years); 52% used a wheelchair and 50% respiratory sup-
port. The median follow-up time before ERT was 4 years (range 0.5–
8); after start of ERT, thiswas 3 years (range 0.5–8). Per patient, amedian
of seven questionnaires were completed (range 2–18).

At start of ERT, 85% of the patients with an available FSS score were
fatigued (FSS ≥ 4) and 68% severely fatigued (FSS ≥ 5); at the last mea-
surement, 79% were fatigued and 55% severely fatigued.

3.2. Change in fatigue scores before and during ERT

Before ERT, the mean FSS score remained stable (annual change of
0.01 score points; CI 95% −0.05 to 0.06; p = 0.84). In contrast, the
mean fatigue score declined significantly during ERT by 0.13 score points
per year (CI 95%−0.19 to−0.07; p b 0.001). Comparison of the trends in
fatigue over time in the periods before and after the start of ERT showed
that fatigue significantly improved during ERT (mean difference in slopes
0.14 FSS score points per year, 95% CI−0.23 to−0.04; p b 0.01, Fig. 1).

Relative to fatigue in the pre-treatment period, fatigue during ERT
improved significantly in women, in older patients and in those
whose disease duration was b15 years. This improvement was not sta-
tistically significant in men, younger patients, and those with longer



Table 1
Patient characteristics at start of ERT.

Characteristic All (n = 163)

Median age at start of ERT, years (range) 50 (24–76)
Median age at diagnosis, years (range) 37 (1–66)
Median disease duration, years (range) 13 (1–33)
Gender, no. (%)

Female 90 (55)
Country of residence, no. (%)

The Netherlands 59 (36)
Germany 36 (22)
US 37 (23)
Othera 31 (19)

Use of wheelchair at start of ERT, no. (%)
Yes 85 (52)

Respiratory support at start of ERTb, no. (%)
Yes 81 (50)

Continuous variables are expressed asmedian (range). Categorical variables are expressed
as numbers (%).

a Includes patients from Australia, Canada, United Kingdom and a small number of
patients from other countries.

b Respiratory support includes partial and fulltime, invasive and non-invasive support.
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disease duration (Table 2). Fatigue improved significantly in patients
who used a wheelchair and in those who were not on respiratory sup-
port. It also tended to improve in wheelchair-independent patients
(p = 0.06) and in those who received any kind of respiratory support
(p = 0.08). Statistical testing of the differences between these sub-
groups showed that these differences were not significant for any of
the aforementioned subgroups.

3.3. Correlation between the effect of ERT on fatigue and its effect on
muscle strength, pulmonary function and depression

For this part of the analysis, only the 59 Dutch patients were includ-
ed. At start of ERT, their median age was 52 years (range 26–76), 59%
were women and 46% used a wheelchair. Relative to the total study
population, fewer patients used respiratory support (32% versus 50%)
and more were fatigued at start of ERT (92% versus 85% of the total
patient population). Median MRC sum score (in percentage) at start of
ERTwas 78% (range 48–92). Median FVC percentages were 70% in sitting
Fig. 1. The figure shows the change in Fatigue Severity-Scale scores (FSS) before and after t
ments and the lines represent the mean slopes calculated by the ‘broken stick’ repeated me
course of Pompe disease was 4 years and the median follow-up during treatment was 3 year
significantly during ERT. The difference between the period before and during ERT was 0.1
position (range 11–107) and 49% in supine position (range 23–99). Only
13 patients (22%) scored≥8 on the HADS depression subscale, indicating
clinical signs of (borderline) depression. Median HADS depression score
was 4 (range 0–15).

As in the total study population, FSS scores significantly decreased
during ERT. The difference with the pre-treatment period was borderline
significant (Table 3), and was moderately correlated with a decrease in
the level of depression (r 0.55; CI 95% 0.07 to 0.70). No significant cor-
relations were found between the improvement in fatigue and muscle
strength in response to ERT and in pulmonary function in upright and
supine positions.

4. Discussion

This is the first prospective follow-up study to assess the effect of
ERT on fatigue in a large number of adult Pompe patients. We found
that ERT significantly reduces self-reported fatigue, the mean decrease
in FSS score being 0.14 per year relative to the pre-treatment period.
The decrease in fatigue during ERT was correlated with improvements
in depression, but not significantly with changes in muscle strength or
pulmonary function. The effect of ERT on fatigue was not consistent
across patient subgroups: fatigue decreased mainly in women, older
patients and those with shorter disease duration.

Our study mirrors previous findings in this cohort, providing a re-
minder that fatigue is a highly prevalent symptom among adults with
Pompe disease. Therapies that can reduce fatigue in this population
are therefore of great importance, and our finding that ERT positively
affects fatigue is a significant finding. While the annual improvement
might seem small (0.14 points per year), it resulted in a substantial
drop in the proportion of patients who were fatigued or severely fa-
tigued at the end of our follow-up.

Subgroup analyses suggest that fatigue may be more responsive to
ERT in women, older patients and those with shorter disease duration.
A better response in women might be explained by the more pro-
nounced effect of ERT on muscle strength in females that was identified
recently by our group [23]. It is unknown whether hormonal influences
are involved in this. The better effect in patients with shorter disease
duration might be due to less severe muscle damage. The absence of an
effect in younger patients may seem at odds with this, but it is possible
he start of enzyme replacement therapy (ERT). The dots represent individual measure-
asures ANOVA for the group of 163 patients. The median follow-up during the natural
s. The mean FSS score did not change significantly in the period before ERT, but declined
4 FSS score points per year (p b 0.01).



Table 2
Subgroup analyses for the effect of ERT on the fatigue severity-scale scores.

Subgroups Difference in FSS score before and during ERT
(Comparison between change over time in FSS
before and during ERT)
Score points/year (95% CI)

p-Valuea

All −0.14 (−0.23 to −0.04) b0.01
Gender

Female (n = 90) −0.18 (−0.31 to −0.05) b0.01
Male (n = 73) −0.08 (−0.23 to 0.07) 0.30

Age at ERT, years
b45 (n = 66) −0.10 (−0.27 to 0.07) 0.26
≥45 (n = 97) −0.15 (−0.27 to −0.03) 0.01

Disease duration, years
b15 (n = 94) −0.19 (−0.32 to −0.05) b0.01
≥15 (n = 68) −0.07 (−0.22 to 0.07) 0.33

Wheelchair use
Yes (n = 85) −0.13 (−0.24 to −0.01) 0.04
No (n = 78) −0.15 (−0.32 to 0.01) 0.06

Respiratory supportb

Yes (n = 81) −0.13 (−0.27 to 0.02) 0.08
No (n = 82) −0.14 (−0.27 to −0.004) 0.04

Data show the mean changes in score points per year (sp/y) as calculated by stratified
analysis using repeated measures ANOVA; CI = confidence interval; FSS = Fatigue
Severity Scale.

a p-Value for the difference in FSS score before and during ERT per subgroup. Statistical
testing of the differences between these subgroups showed that these differences were
not significant.

b Respiratory support includes partial and fulltime, invasive and non-invasive support.
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that younger patients havemore demanding lifestyles, resulting in more
fatigue. Since glycogen degradation occurs mainly in the cytoplasm, we
doubt that lower levels of fatigue can be attributed to the increased re-
lease of glucose from the lysosome (by ERTmediated lysosomal glycogen
degradation) [26].

Muscle strength, pulmonary function and depression, have been
shown to be related to fatigue in other neurological disorders [1,2,8].
Against our expectations, we found no significant correlation between
the improvement in fatigue and in muscle strength or pulmonary func-
tion. This might be due to the smaller sample size available for this
sub-analysis. Alternatively, it may be that the level of fatigue is deter-
mined by the degree ofmuscle endurance rather than ofmuscle strength
[27]. Because patients with impaired pulmonary function often use me-
chanical ventilation, their oxygen levels will be normal, which could
explain the absence of a correlation between the response to ERT in
fatigue and pulmonary function.

We found that as fatigue decreased during ERT, the scores on the
depression scale also decreased. Several studies have described a rela-
tionship between depression and fatigue in neurological disorders
[2,28–31]. Depression may predispose for fatigue [2,28], but fatigue
secondary to an underlying illness can also cause depression, with one
Table 3
Change in fatigue as a result of ERT and its correlation with the change over time in muscle

Change over time

Before ERT (95% CI) During ERT (

Main outcome measure
FSS (n = 59) −0.04 (−0.13 to 0.04) −0.21 (−0.3

Covariates
MRC sum score (n = 55c) −1.28 (−1.80 to −0.49)b 2.01 (1.20
FVC upright position (n = 52c) −1.95 (−3.09 to −0.83)b 0.06 (−1.0
FVC supine position (n = 45c) −1.71 (−2.76 to −0.67)b −0.67 (−1.7
HADS depression (n = 59c) 0.08 (−0.40 to 0.48) −0.48 (−0.8

Data show the mean changes in score points per year (sp/y) as calculated by univariate a
Severity Scale; MRC = Medical Research Council; FVC = Forced Vital Capacity; HADS = H

a Correlation between the differences in FSS scores and the difference in the other outco
b Represents statistical significance.
c Only patients with sufficient data were included.
sometimes influencing the other [29]. Since the majority of patients
(78%)were not depressed, ERT has presumably contributed to a decrease
in fatigue by affecting the underlying pathophysiology.

As fatigue is a multifactorial entity, it is likely that other factors –
including changing patient's perspectives and perceptions, intensified
medical care and alteredmusclemetabolism – contribute to its improve-
ment after ERT. Although, as a treatment of the underlying disease, ERT
seemed to reduce fatigue, it is hard to define the extent to which it acts
directly (by reversing disease-related pathophysiology) or indirectly
(through psycho-sociological factors). Further research is needed to
unravel the underlying mechanisms.

This study benefits from the relatively large number of patients who
participated, and from the fact that patients were included irrespective
of their disease severity; the study thereby represents the entire spec-
trum of adult Pompe disease. Despite the large sample, it was not possi-
ble to build multivariate models, and multiple testing might limit the
results of the subgroup analysis. Our correlation analysis was based on
a subset of patients and was limited by a smaller sample size.

Fatigue is a subjective and complex concept that is difficult to define
and measure. The FSS is a uni-dimensional scale that measures fatigue
as a single construct. Because of its brevity and simplicity, we preferred
the FSS to amulti-dimensional scale inwhich different forms of fatigue –
such as physical, cognitive and psychosocial fatigue – are assessed
separately. Uni-dimensional and multi-dimensional scales have been
found to produce similar measurements of fatigue [32].

5. Conclusions

Fatigue is a common problem in patients with Pompe disease. Our
finding that ERT helps to reduce it is therefore important for this patient
population, irrespective of themechanisms underlying this effect. Fatigue
decreased mainly in women, in older patients and in patients with short
disease duration.

To manage fatigue successfully, treatment options such as rehabili-
tation and exercise [33] should be considered in addition to ERT. Further
investigations should be devoted to the roles of pharmacotherapeutics
and cognitive therapy in treating fatigue, and to the exact role ofmuscle
cell changes, pulmonary function, and psychological and other factors
that may be associated with it.
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