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Purpose: To evaluate the extent of complementary and alternative
medicine use and perceived effectiveness in patients with lysosomal
storage diseases. Methods: A 26-item survey was distributed to 495
patients with type 1 Gaucher, Fabry, and type B Niemann-Pick diseases
who were seen at the Lysosomal Storage Disease Program at the Mount
Sinai School of Medicine. Survey responses were entered into an access
database and analyzed using descriptive statistics. Results: Surveys
were completed by 167 respondents with an overall response rate of
34%. Complementary and alternative medicines were used by 45% of
patients with type 1 Gaucher disease, 41% of patients with Fabry
disease, and 47% of patients with type B Niemann-Pick for symptoms
related to their disease. Complementary and alternative medicines were
used most frequently by adult females (55%), in patients who reported
having one or more invasive procedures due to their disease, patients
who use one or more conventional medical therapies, or those with
depression and/or anxiety. Overall perceived effectiveness of comple-
mentary and alternative medicine supplements was low; however, com-
plementary and alternative medicine therapies were perceived as effec-
tive. Conclusion: Complementary and alternative medicines are
commonly used among patients with lysosomal storage diseases. As-
sessment of the effectiveness of these approaches in the lysosomal
storage diseases is needed, and physicians should be aware of comple-
mentary and alternative medicine therapies used by patients to evaluate
safety and possible drug interactions. Genet Med 2009:11(10):
722–727.
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Complementary and alternative medicines (CAMs) are de-
fined by the National Center for Complementary and Al-

ternative Medicine as “a group of diverse medical and health
care systems, practices, and products that are not presently
considered to be part of conventional medicine.”1 These include
the use of herbal and other supplements, massage, acupuncture,
and sets of theories and practices such as homeopathy. In
general, interest in CAMs among patients is high, and adults
report using CAMs for a wide variety of indications including
chronic pain, anxiety, fatigue, and musculoskeletal problems.1–3

Patients with various chronic illnesses are known to use CAMs
because they believe conventional medical treatments will not

help them or that a combination of traditional and alternative
treatments will help.2 The types and frequencies of use of
CAMs by patients with lysosomal storage diseases (LSDs) have
not been investigated. The CAMs used in specific LSDs may be
of concern because some disorders have significant hepatic,
cardiac, and/or renal involvement. For example, several CAM
supplements have been associated with drug interactions includ-
ing liver4,5 and renal6,7 toxicities.

Here, we investigated by written questionnaire the use of
CAMs among patients affected with type 1 Gaucher, Fabry, and
type B Niemann-Pick diseases. These diseases are characterized
by manifestations involving the bone marrow, bone, liver, lung,
and spleen (type 1 Gaucher and type B Niemann-Pick diseases)
and the vasculature, heart, and kidney (Fabry disease). Symp-
toms include bone pain and fatigue (type 1 Gaucher disease),
neuropathic pain, fatigue, gastrointestinal, cardiac and vascular
complaints (Fabry disease), and shortness of breath, abdominal
pain, and fatigue (type B Niemann-Pick disease).8–11 Currently,
enzyme replacement therapies (ERT) are available for Gaucher
and Fabry diseases, and an ERT is in clinical trials for type B
Niemann-Pick disease.12 Because most of the patients in this
survey had type 1 Gaucher or Fabry disease, their use of CAMs, in
addition to the biweekly ERT, was of interest. These studies
revealed significant use of supplements, alternative therapies, and
alternativemedicine practitioners for symptoms related to these LSDs.

METHODS

A 26-item questionnaire of closed- and open-ended questions
was developed to obtain information from patients about their
use and the perceived effectiveness of CAMs. Items included
questions about: symptoms experienced by the patient, the use
of conventional medications, and about specific CAM supple-
ments including glucosamine, chondroitin, cayenne, cat’s claw,
S-adenosyl-L-methionine, ginseng, ostivone, boswella, oligo-
meric proanthocyanidins, ginger, gingko, echinacea, Chinese
herbal medicine, omega-3 fatty acids, flaxseed, cod liver oil,
antioxidants, methylsulfonylmethane, noni juice, kava tea,
yucca, and megavitamin therapy. In addition, the questionnaire
inquired about the use of various CAM treatments (meditation,
yoga, biofeedback, herbal medicine, homeopathy, reflexology,
massage, macrobiotics, magnetic therapy, acupuncture, acu-
pressure, water therapy, chiropractic, relaxation therapy, spiri-
tual/energy healing, aromatherapy, and therapeutic touch) and
CAM providers (chiropractors, acupuncturists, acupressurists,
Chinese herbal medicine practioners, homeopaths, and naturo-
paths). Patients were asked how they learned about CAMs,
whether or not they had ever discussed CAMs with their phy-
sician, and relevant demographic information. Subjects also
were asked to report their perceptions about the efficacy of
CAMs using a Likert scale of 0–5 with 0 being not effective and
5 being very effective.

Questionnaires were distributed to patients with type 1 Gau-
cher, Fabry, and type B Niemann-Pick diseases who were
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evaluated at the General Clinical Research Center of the Mount
Sinai School of Medicine between November 2006 and August
2007. Surveys were also mailed to patients previously seen on
the General Clinical Research Center and known to the inves-
tigators. Parents completed the questionnaires for children who
were younger than 18 years. All study procedures were ap-
proved by the Institutional Review Board of the Mount Sinai
School of Medicine.

The survey data were entered into a Microsoft Access data-
base. Descriptive statistics were calculated for response patterns
related to demographic and disease type, use of specific types of
CAMs, and opinions on CAM efficacy. Pearson’s �2 test was
used to determine significance of CAM use within each disease
population.

RESULTS

Demographics of participants
Of the 495 patients, 237, 210, and 48 had type 1 Gaucher,

Fabry, and type B Niemann-Pick diseases, respectively. The
overall response rate was 34% (n � 167). Table 1 shows the
overall and disease-specific demographics of the participants.
Of the 167 respondents, 17% were children (�18 years; n �
28), 83% were adults (�18 years; n � 139), 60% had type 1
Gaucher, 29% had Fabry disease, and 11% were patients with
type B Niemann-Pick disease. Among the pediatric patients,
36% were female, 43% had type 1 Gaucher, 14% had Fabry,
and 43% had type B Niemann-Pick disease. Among the adult
respondents, 55% were women, and 60% had type 1 Gaucher,
29% had Fabry, and 11% had type B Niemann-Pick disease.
More than 90% of the respondents were whites, and 71% had a
college degree or higher. Seventy-six percent (107/140) of the
patients with type 1 Gaucher and Fabry diseases were on ERT.

Use of CAMs
Among the adult patients with type 1 Gaucher and Fabry

diseases, 45% (37/83) and 41% (17/41) used CAMs, respec-
tively (Table 1), whereas only 8% of children with type 1
Gaucher disease (1/12) and 50% children with Fabry (2/4)
reported CAM use. Of patients with type B Niemann-Pick
disease, 47% (7/15) of adults and 33% (4/12) of children used
CAMs. CAMs were used more frequently among adult females
(55%, 43/78) than males (30%, 18/61, P � 0.003). Overall,
CAMs were used most in patients with LSD older than 65 years
(65%, 15/23) followed by patients aged 25–34 years (55%,
11/20), 55–64 years (48%, 14/29), 45–54 years (45%, 14/31),
and 35–44 years (27%, 6/22). Only one patient in the 18–24-
year-old group reported the use of CAMs; this patient had type
B Niemann-Pick disease. Overall, the average age of patients
using CAMs was 53.7 years for type 1 Gaucher disease, 47.7
years for Fabry disease, and 31.8 years for type B Niemann-
Pick disease. Of interest, CAM use was higher (56%; P �
0.015), among patients with LSD who reported having one or
more disease-related invasive procedures (e.g., coronary artery
bypass surgery, hemodialysis, kidney and liver transplants, sple-
nectomy, hip replacement, and tracheostomy), having used one
or more conventional therapies (68%, P � 0.001), and having
symptoms of depression and/or anxiety (66%; P � 0.001).

Use and perceived effectiveness of CAM supplements
Of the adult patients with type 1 Gaucher disease, 34%

(28/83) used CAM supplements. The most commonly used
supplements were glucosamine (20%, 17/83) and chondroitin
(14%, 12/83), including some patients (13%, 11/83) who used

both glucosamine and chondroitin. In addition, patients with
type 1 Gaucher disease also reported the use of antioxidants
(14%, 12/83) and omega-3 fatty acids (12%, 10/83). The CAM
supplements, Echinacea and methylsulfonylmethane, used by
10% of the patients with Gaucher disease were taken for im-
munity and pain, respectively (Table 2). Similarly, 29% (12/41)
of adult patients with Fabry disease took supplements, including
antioxidants (12%, 5/41), omega-3 fatty acids (12%, 5/41),
flaxseed (12%, 5/41), gingko (10%, 4/41), and megavitamin
therapy (10%, 4/41). Among adult patients with type B Ni-
emann-Pick disease, omega-3 fatty acids were the most com-
monly used supplement (40%, 6/15).

Of note, the two most commonly used CAM supplements
reported by patients with Gaucher disease (i.e., glucosamine and
antioxidants) had low-mean Likert effectiveness scores (1.8 and
1.6, respectively). Patients with Fabry and type B Niemann-Pick
diseases who commonly used omega-3 fatty acids and antioxi-
dants also rated them low on the Likert scale. CAM use among
children was limited to one child (flaxseed) with type B Ni-
emann-Pick disease (Table 3).

Use and perceived effectiveness of CAM treatments
As shown in Table 4, therapeutic massage was the most

commonly used treatment modality by patients with type 1
Gaucher (12%), Fabry (12%), and type B Niemann-Pick (27%)
diseases and was rated on the Likert scale as above average on
perceived effectiveness by all the three groups (Likert score �
3.4, n � 14). Chiropractic manipulation (Likert score � 3.3,
n � 10) and meditation (Likert score � 3.8, n � 12) were also
rated above average. There was little use of CAM treatments
among the LSD children (Table 3).

Use of CAM practitioners
Of note, 17% of adult patients with Gaucher disease (n �

14), 12% of adult patients with Fabry disease (n � 5), and 47%
(n � 7) of adult patients with type B Niemann-Pick disease had
sought advice from a CAM practitioner, with the most common
providers being acupuncturists for patients with Gaucher dis-
ease (n � 6), and chiropractors for patients with Fabry (n � 3)
and Niemann-Pick (n � 5) diseases. Only two children with
type B Niemann-Pick disease used alternative providers, a ho-
meopathic and a naturopathic provider.

Most patients (44%, n � 27) who used various CAM ther-
apies self-initiated the treatment. Of those who had sought out
a CAM provider, 58% indicated that the visits to the alternative
medicine provider were covered by health insurance. Other
sources of information about CAMs were from their medical
doctors, self-help books, and family and friends. Notably, 28%
of those who were using supplements never discussed their
CAM use with their physician, although most patients, 86% of
those using CAMs and 75% of those not using CAMs, indicated
that they would like to discuss CAM therapies with their phy-
sicians.

DISCUSSION

The use of CAMs has been studied in many chronic medical
conditions.2,13–15 However, to date, the prevalence of CAM use
in any of the LSDs has not been investigated. The results of this
study suggest that CAM use is prevalent among patients with
type 1 Gaucher and Fabry diseases, two disorders specifically
treated by ERT. Of the 124 adult type 1 Gaucher disease and
Fabry disease respondents, 44% used CAMs (45% Gaucher and
41% Fabry) for symptoms related to their disease, including
bone pain and fatigue for type I Gaucher disease, and for
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Table 1 Demographics of all respondents

Type 1 Gaucher Fabry Type B Niemann-Pick

Patients sent questionnaire 237 210 48

Patients responding, n (%) 95 (40) 45 (21) 27 (56)

Male 47 (49) 20 (44) 12 (44)

Female 48 (51) 25 (56) 15 (56)

Age range (years) 1–78 13–68 1–70

Children �18 years, n (%) 12 (13) 4 (9) 12 (44)

18–24 years, n (%) 4 (4) 5 (11) 5 (19)

25–34 years, n (%) 15 (16) 3 (7) 2 (7)

35–44 years, n (%) 10 (11) 9 (20) 3 (11)

45–54 years, n (%) 20 (21) 8 (18) 3 (11)

55–64 years, n (%) 15 (16) 13 (29) 1 (4)

65 years and older, n (%) 19 (20) 3 (7) 1 (4)

Mean (years) 45 44 25

Median (years) 48 48 19

Race N � 94 N � 44 N � 27

White, n (%) 89 (95) 38 (86) 25 (93)

African American/black, n (%) 1 (1) 4 (9) 0

Hispanic, n (%) 2 (2) 1 (2) 0

Asian, n (%) 2 (2) 1 (2) 0

Other, n (%) 0 0 2 (7)

Educational level—adults only N � 83 N � 41 N � 15

Grade school, n (%) 1 (1) 0 0

Technical degree, n (%) 2 (2) 1 (2) 1 (7)

High school diploma, n (%) 4 (5) 7 (17) 3 (20)

Some college, n (%) 4 (5) 10 (24) 4 (27)

College degree, n (%) 33 (40) 17 (41) 2 (13)

Graduate/professional school, n (%) 37 (45) 6 (15) 3 (20)

Other, n (%) 2 (2) 0 2 (13)

On ERT—adults 72 (87%, n � 83) 28 (68%, n � 41) N/A

�1 year, n (%) 4 (5) 5 (12) N/A

1–5 years, n (%) 20 (24) 21 (51) N/A

6–10 years, n (%) 16 (19) 2 (5) N/A

�10 years, n (%) 32 (39) N/A N/A

On ERT—children 5 (42%, n � 12) 2 (50%, n � 4) N/A

�1 year, n (%) 0 0 N/A

1–5 years, n (%) 1 (8) 2 (50) N/A

6–10 years, n (%) 4 (33) 0 N/A

�10 years, n (%) 0 N/A N/A

Use of CAMs

Adults, n (%) 37 (45) 17 (41) 7 (47)

Children, n (%) 1 (8) 2 (50) 4 (33)
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acroparesthesias, cardiac and gastrointestinal manifestations in
Fabry disease. Among patients with type B Niemann-Pick dis-
ease, 47% of adult respondents used CAMs for their symptoms.
CAM use did not correlate significantly with self-reported symp-
toms of fatigue or pain, which are common reasons for patients
with other chronic disorders to seek out CAM approaches.2,16 In
contrast, CAM use was more prevalent among patients with type 1

Gaucher, Fabry, and type B Niemann-Pick diseases who also used
one or more conventional medical therapies and among those who
had undergone an invasive procedure related to their disease. The
latter finding is consistent with other reports, which indicate that
CAM use increases as health status declines.2

The specific CAM approach used varied among patients with
type 1 Gaucher, Fabry, and type B Niemann-Pick diseases.

Table 2 Most common supplements used by adult patients With LSD

Supplement
Type 1 Gaucher,
n (%) (n � 83)

Perceived
effectivenessa

Fabry,
n (%)

(n � 41)
Perceived

effectivenessa
Type B Niemann-Pick,

n (%) (n � 15)
Perceived

effectivenessa

Any supplement 28 (34) 12 (29) 8 (53)

Glucosamine 6 (7) 1.7 (n � 3) 0 N/A 2 (13) 0.0 (n � 1)

Chondroitin 1 (1) 0 (n � 1) 0 N/A 0 N/A

Glucosamine � chondriotin 11 (13) 1.9 (n � 7) 2 (5) N/A 1 (7) 2.0 (n � 1)

Antioxidants 12 (14) 0.5 (n � 2) 5 (12) 1.0 (n � 1) 2 (12) 3.5 (n � 2)

Omega-3 FAb 10 (12) 3.3 (n � 3) 5 (12) 0.0 (n � 1) 6 (40) 1.5 (n � 2)

Echinacea 8 (10) 1 (n � 1) 3 (7) 4.5 (n � 2) 2 (13) 3.5 (n � 2)

Flaxseed 5 (6) N/A 5 (12) 5.0 (n � 1) 2 (13) N/A

MSM 8 (10) 3.0 (n � 3) 0 N/A 1 (7) N/A

Gingko 3 (4) 1.0 (n � 1) 4 (10) 2.0 (n � 2) 1 (7) N/A

Megavitamins 2 (2) 0 (n � 1) 4 (10) 3.0 (n � 4) 1 (7) 3.0 (n � 1)

Ginseng 5 (6) N/A 3 (7) 5.0 (n � 1) 3 (20) 5.0 (n � 1)

Ginger 3 (4) 1.0 (n � 1) 3 (7) 3.0 (n � 1) 1 (7) N/A
aLikert score.
bOmega-3 fatty acids.

Table 3 Most common supplements, treatments, and alternative providers used by childrena

Type 1 Gaucher (n � 12) Fabry (n � 4) Type B Niemann-Pick (n � 12)

Supplement

Flaxseed 0 0 1 (8%)

Treatment No. patients (%)
Perceived

effectivenessa No. patients (%)
Perceived

effectiveness No. patients (%)
Perceived

effectiveness

Homeopathy 0 — 0 — 2 (17) 4.0 (n � 2)

Relaxation therapy 0 — 1 (25) — 1 (8) 3.0 (n � 1)

Spiritual/energy healing 0 — 1 (25) 5.0 (n � 1) 1 (8) —

Massage 0 — 0 — 1 (8) 3.0 (n � 1)

Acupuncture 0 — 0 — 1 (8) —

Acupressure 0 — 0 — 1 (8) 3.0 (n � 1)

Provider

Homeopathy 0 — 0 — 1 (8) —

Naturopathy 0 — 0 — 1 (8) —

Other 0 — 0 — 1 (8) —
aPerceived effectiveness for children (�18 years) was only reported for those on various CAM treatments in each disease group.
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Patients with type 1 Gaucher disease, who have bone involve-
ment as a prominent feature, most frequently reported the use of
glucosamine and/or chondroitin (18/83, 22%), whereas patients
with Fabry disease, who have significant vascular involvement,
were more likely to use antioxidants and omega-3 fatty acids
(10/41, 24%). In type B Niemann-Pick disease, omega-3 fatty
acid was the most commonly used supplement, presumably for
cardioprotection secondary to dyslipidemia.10 Considering that
55% of patients using CAM therapies were self-prescribing, it is
likely that the abundant information available through health
stores and on the internet was guiding the decisions of these
patients in selecting what supplements to use.

Overall, only few supplements were rated by respondents as
effective, and the perceived effectiveness was variable across
the disease groups. The majority of patients continued to use
various CAMs for several years, even though they rated their
effectiveness as low or not effective. Of note, a commonly used
supplement, glucosamine/chondroitin combined, was poorly
rated for effectiveness with mean Likert scores of 1.9. In con-
trast, CAM therapies such as meditation and water therapy were
more highly rated with mean Likert scores of 3.8 and 3.7,
respectively. These ratings suggest that additional, controlled
studies should be performed to determine whether these modal-
ities are of any benefit and to further understand the role of other
approaches, such as meditation, in improving patient well-
being.

It is important to consider the potential adverse effects of
CAMs in this patient population and the role of the treating
physician in discussing these approaches with patients with
LSDs. Specifically, there are safety concerns and potential
adverse effects that can accompany CAM use. For example,
among the CAM users in each group, 10% of those with type 1
Gaucher, 7% of Fabry, and 20% of type B Niemann-Pick
diseases used chiropractic treatment. This could be potentially

harmful in patients with type 1 Gaucher or type B Niemann-
Pick diseases who may have osteopenia or osteoporosis of the
spine, which would be a relative contraindication to spinal
manipulation.17,18 Similarly, there are adverse effects of many
CAM supplements that should be considered before their use.
For example, fish oils and omega-3 fatty acids in large doses can
decrease platelet aggregation and prolong bleeding time,19

which may be harmful in type 1 Gaucher disease or type B
Niemann-Pick disease, and to other patients with LSD who
already have an underlying bleeding diathesis because of their
disease or who may be on anticoagulants or other platelet
inhibitors (e.g., patients with type 1 Gaucher or Fabry disease).
Finally, Chinese herbal medicine preparations have been asso-
ciated with organ toxicity including hepatorenal failure,10,11

which could potentially exacerbate preexisting liver dysfunction
or renal involvement in patients with various LSDs including
type 1 Gaucher, Fabry, and type B Niemann-Pick diseases.

In summary, this study documents that CAMs are used by
patients with type 1 Gaucher, Fabry, and type B Niemann-Pick
diseases and that most patients self-prescribe these therapies.
Thus, physicians managing these and other patients with LSD
should specifically inquire about CAM use and discuss the
potential for adverse effects. Similarly, treating physicians
should consider the use of certain CAM approaches in assisting
their patients in achieving a better quality of life.
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