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B MAIN POINTS

* Most physicians demonstrated lim-
ited awareness of lysosomal stor-

age diseases (LSD).

 Only a minority of physicians rec-
ognized that LSD can manifest at
any age, indicating that adult-onset

cases may be overlooked.

+ Despite the availability of non-
invasive diagnostic methods, many
physicians still include invasive
procedures, such as bone marrow
aspiration and liver biopsy, in the

diagnostic process.

+ The findings highlight the urgent
need for targeted educational pro-
grams to enhance awareness and

promote early diagnosis of LSD.

B ABSTRACT

Aim: Lysosomal storage diseases (LSD) are a diverse group of rare inherited metabolic disorders
that frequently go undiagnosed for extended periods because of their non-specific, overlapping
clinical features. Raising awareness among healthcare professionals is crucial for facilitating
early diagnosis and improving outcomes. This study aimed to evaluate physicians' awareness
of and knowledge about five LSDs: Gaucher disease, Fabry disease, mucopolysaccharidoses,
Pompe disease, and Niemann--Pick types A/B.

Materials and Methods: A descriptive cross-sectional survey was conducted among 106 physi-
cians, including 56 pediatricians and 50 internal medicine specialists. A 17-item online ques-
tionnaire assessed participants' knowledge of LSD symptoms, diagnosis, and treatment.

Results: 81.9% of the physicians participating in the study reported limited knowledge of LSD.
When the pediatric and internal medicine groups were compared, pediatric specialists generally
exhibited higher levels of awareness than their internal medicine counterparts. This difference
was statistically significant for MPS and Gaucher disease (p=0.016 and p=0.012, respectively).
Among the participants, only 25.7% recognized that LSD can occur at any age. 86.7% of re-
spondents identified genetic testing as accurate, while 38% and 58.1% indicated roles for bone
marrow aspiration and liver biopsy, respectively, in diagnosis. The vast majority of physicians
(99%) emphasized the need for increased training in this field.

Conclusion: Our study demonstrates that physicians working at a tertiary training hospital lack
sufficient awareness of LSD. Therefore, strengthening educational programs for physicians is

essential to enhance awareness and improve early diagnosis of the disease.

Cite this article as: Burgac E, Yoldas

Celik M, Koseci B. Evaluating aware- Keywords: Lysosomal storage diseases, Awareness, Early diagnosis
ness of lysosomal storage diseases: Received: Nov 13,2025 Accepted: Feb 06,2026 Available Online: Jul 24, 2026

A step toward early diagnosis. Ann
Med Res. 2026;33(7):326--331.

Copyright © 2026 The author(s) - Available online at annalsmedres.org. This is an Open

doi:
10.5455/annalsmedres.2025.11.349. @ Access article distributed under the terms of Creative Commons Attribution-NonCommercial-

NoDerivatives 4.0 International License.

B INTRODUCTION

Lysosomal storage diseases (LSD) are a heterogeneous group
of genetically inherited disorders; they result from deficiencies
or functional impairments of lysosomal enzymes, this leads to
widespread damage across organs and systems [1]. Although
rare, these conditions can be life-threatening. The diagnos-
tic and therapeutic processes are often challenging and pro-
longed, as symptoms are usually recognised late, and clinical
manifestations may overlap with those of more common dis-
orders. Awareness of the symptoms of LSD and recognition
of the importance of early diagnosis and treatment play a cru-
cial role in improving diagnostic timelines and patient out-
comes. Furthermore, novel therapeutic approaches, such as
enzyme replacement therapy (ERT), substrate reduction ther-

apy (SRT) and gene therapy, are being developed at an increas-
ing rate, which further emphasises the importance of early de-
tection [2]. Accordingly, raising awareness among healthcare
professionals of LSD is critical to ensuring early diagnosis and
access to effective treatment.

This study aimed to evaluate the knowledge of physicians
from various specialties regarding five LSDs: Gaucher disease,
Fabry disease, mucopolysaccharidoses (MPS), Pompe disease,
and Niemann-Pick types A/B, which are considered more
prevalent in our region than in other regions.

The findings are expected to contribute to the development of
strategies aimed at improving awareness and facilitating earlier
recognition of these disorders.
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E MATERIALS AND METHODS

Study design

This was a cross-sectional descriptive survey. The question-
naire was prepared using the online platform Google Forms
and distributed by email and through social media to 226
physicians working in the Departments of Pediatrics and In-
ternal Medicine at the Adana City Training and Research
Hospital. Participants were asked to respond voluntarily. No
names or personal identifiers were collected from the physi-
cians included in the study. A total of 106 physicians com-
pleted the survey, including 56 pediatricians and 50 internal
medicine specialists (response rate: 46.9%). Data collection
was carried out between April and May 2025. The study
protocol was designed in accordance with the 1964 Helsinki
Declaration and approved by the Ethics Committee of Adana
City Training and Research Hospital (Decision No: 478,
Date: 10.04.2025).

Questionnaire design

The survey comprised 17 questions designed to evaluate
physicians” professional experience and their knowledge of
LSD, as well as their awareness of potential clinical manifes-
tations, diagnostic approaches, treatment methods, and ed-
ucational requirements. Participants’ specific knowledge of
and ability to recognize symptoms related to Gaucher, Fabry,
MPS, Pompe, and Niemann-Pick A/B diseases were also eval-
uated. Most of the questions were multiple-choice or al-
lowed multiple responses, with open-ended responses limited
to the ’Other, please specify’ option. The survey was devel-
oped based on input from a pediatric metabolism specialist
and was not adapted from previously published instruments;
however, pilot testing was not conducted.

Statistical analysis

Statistical analysis was performed using the IBM SPSS Statis-
tics for Windows version 23.0 (IBM Corp., Armonk, NY,
USA). The distributions of numerical variables were assessed
for Kolmogorov-Smirnov test. Continuous variables were
presented as means + standard deviation or medians (min-
imum [min]-maximum [max]) according to distribution of
data and categorical variables as numbers and percentages (%).
Statistical analyses were conducted using tests appropriate for
the type and distribution of the variables. Categorical vari-
ables were compared using the Chi-square test. A p-value
<0.05 was considered statistically significant.

B RESULTS

81.9% of the participants considered their knowledge of LSD
inadequate. When awareness of LSD was analyzed separately
among pediatric specialists (N = 56) and internal medicine
specialists (N = 50), the majority of participants in both
groups reported having “no knowledge” or “limited knowl-
edge” of these diseases (pediatric specialists: 3.4% “no knowl-
edge”, 77.6% “limited knowledge”; internal medicine special-
ists: 6.7% “no knowledge”, 78% “limited knowledge”). A
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smaller proportion of participants in both groups reported a
moderate level of knowledge (pediatric specialists, 19%; inter-
nal medicine specialists, 15.6%). There was no statistically sig-
nificant correlation between years of experience and knowl-
edge level among physicians (p=0.479). However, when the
pediatric and internal medicine groups were compared, pe-
diatric specialists generally exhibited higher awareness than
their internal medicine counterparts (Figure 1). This differ-
ence was found to be statistically significant for MPS and
Gaucher disease (p=0.016 and p=0.012, respectively). Of the
participants, 66.7% indicated that LSDs manifest during in-
fancy and childhood, while 25.7% believed that they could
occur at any age. When assessing knowledge levels for five
different LSD, Gaucher disease received the highest propor-
tion of participants reporting a ‘moderate level of knowledge’s;
(76.3%), while Niemann-Pick A/B disease received the low-
est (31.1%). The highest rates of correct responses to ques-
tions about commonly observed symptoms were obtained
for MPS (91.4%) and Gaucher disease (86.7%) (Table 1). In
terms of diagnostic methods, enzyme analysis (98.1%) and
genetic testing (86.7%) were the options most frequently in-
dicated by the participants. Thirty-eight per cent of partic-
ipants reported that bone marrow aspiration plays a role in
diagnosis, while 58.1 per cent reported a role for liver biopsy.
In terms of treatment, 85.7% of the participants were aware
that ERT was used. When responses regarding treatment
for the five lysosomal storage diseases (Gaucher, Fabry, MPS,
Pompe, and Niemann-Pick A/B) were evaluated, most partic-
ipants (95.2%) reported that treatment improved outcomes.
Only 2.9% indicated that the treatment had no effect on im-
provement. The majority of participants (85.7%) acknowl-
edged the availability of ERT as a treatment option, and 44.8%
were aware of SRT. Additionally, 95.2% of participants re-
ported that early diagnosis and treatment facilitate improve-
ment; 99% indicated that educational programs for physicians

should be improved.

B DISCUSSION

Individuals with rare diseases, such as LSD, often ini-
tially present to the departments of pediatrics and internal
medicine. Itis crucial that these physicians are aware of these
diseases to enable early diagnosis and treatment, and to im-
prove the patients’ quality of life. However, these conditions
may not exhibit obvious clinical signs initially, and metabolic
conditions in adults can be easily overlooked. According to
the National Commission on Orphan Diseases, 30% of indi-
viduals with rare diseases wait up to five years to receive an
accurate diagnosis, whereas 15% require six years or longer
[3]. Taking a detailed family history, accurately documenting
symptoms, and ensuring timely referral to the relevant spe-
cialist can reduce diagnostic delays and enable earlier interven-
tion. Therefore, it is crucial for physicians to consider LSD in
their clinical practice and in differential diagnoses.

In our study, although most clinicians were aware of LSD,
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Figure 1. Awareness levels regarding lysosomal storage diseases among pediatric and internal medicine specialists.

Table 1. Distribution of clinical and laboratory findings among patients with different lysosomal storage disorders(LSDs)as reported by participating

physicians.

Disease Findings Occurs n (%) Does not occur n (%)
Splenomegaly 91 (86.7) 13(12.4)
Hepatomegaly 95 (90.5) 9 (8.6)

. Bone pain 40 (38.1) 64 (61.0)

Gaucher Disease Thrombocytopenia 64 (61.0) 40 (38.1)
Neurological disorder 65(61.9) 39(37.1)
Respiratory difficulty 20 (19.0) 84 (80.0)
Neuropathic pain 31(29.5) 73 (69.5)
Renal problem 82 (78.1) 22 (21.0)

Fabry Disease Angiokeratoma 48 (45.7) 55 (52.4)
Cardiac involvement 56 (53.3) 48 (45.7)
Visual disturbance 45 (42.9) 59 (56.2)
Coarse facial features 96 (91.4) 8(7.6)
Neurological findings 91(86.7) 13(12.4)
Joint restriction 69 (65.7) 35(33.3)
Joint laxity 28(26.7) 76 (72.4)

Mucopolysaccharidoses Heart valve disease 43 (41.0) 61 (58.1)
Autism features 12(11.4) 91 (86.7)
Organomegaly 37(35.2) 66 (62.9)
Hearing loss 46 (43.8) 58 (55.2)
Corneal clouding 25(23.8) 79 (75.2)
Muscle weakness 78 (74.3) 26 (24.8)

Pompe Disease Elevated CK 71(67.6) 33(31.4)
Cardiomegaly 68 (64.8) 36 (34.3)
Respiratory failure 40 (38.1) 64 (61.0)
Hepatosplenomegaly 69 (65.7) 34 (32.4)
Neurological findings 83(79.0) 21(20.0)

Niemann-Pick A/B Cholestasis 39(37.1) 65 (61.9)
Thrombocytopenia 27 (25.7) 77 (73.3)
Respiratory problems 28(26.7) 76 (72.4)

81.9% felt inadequately informed about these conditions.
Furthermore, the lack of a significant relationship between
years of professional experience and awareness levels suggests
that clinical experience alone is insufficient for acquiring ade-

quate knowledge of these rare diseases, highlighting the need
for targeted educational programs. Most inherited metabolic
diseases are thought to present with clinical findings shortly
after birth. Consequently, metabolic disorders that present
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with symptoms in late childhood or adulthood are often not
initially suspected [4]. In our study, the low proportion of
participants who selected the option indicating that LSD can
present with symptoms at any age suggests that these condi-
tions could be overlooked in adult patients. Furthermore, pe-
diatric specialists were found to have a higher awareness of
LSD than internal medicine specialists. These findings sug-
gest that cases diagnosed in adulthood may be overlooked and
emphasise the importance of raising awareness among adult
physicians.

Participants most frequently reported a moderate level of
knowledge about Gaucher disease, possibly because it is more
commonly encountered than other LSDs. A survey study
conducted in Japan found that hematologists had a greater
awareness of Gaucher disease than gastroenterologists [5].
This difference was attributed to hematologists’ tendency to
work in larger hospitals, which provides them with greater
opportunities for clinical experience and professional inter-
action related to the disease. By contrast, gastroenterolo-
gists, who often practise in smaller clinics, were reported to
have more limited awareness of, and knowledge about, treat-
ment. The lowest rate of “moderate level of knowledge” re-
sponses was observed for Niemann-Pick A/B disease, which
presents with similar clinical features. This finding suggests
that Gaucher disease is more frequently considered in the dif-
ferential diagnosis of splenomegaly and thrombocytopenia,
whereas Niemann-Pick A/B disease is often overlooked.

The higher correct response rates for common symptoms in
MPS and Gaucher disease may reflect their more distinctive
clinical features and more frequent clinical exposure. MPS
cases often involve multiple systemic manifestations such as
cardiac findings, corneal clouding, recurrent ear infections,
hearing loss, hernias, and spinal deformities; therefore, pa-
tients are frequently referred to various medical specialties [6].
Therefore, itis crucial that not only pediatricians butalso clin-
icians from other specialties recognize the characteristic man-
ifestations of this disease. This highlights the need for broader
studies assessing awareness across various medical disciplines.
Coarse facial features are among the most frequent and di-
agnostic clinical signs of MPS. In our study, the majority of
participants correctly identified this clinical feature associated
with MPS. However, the literature indicates that diagnostic
delays are common, particularly in patients with mild disease
phenotypes. A survey by Bruni et al. emphasized that MPS
type L is not widely recognised, and that training in differen-
tial diagnosis is needed to promote an earlier diagnosis [7]. Al-
though a majority of participants correctly identified the most
common clinical feature of MPS, 80% reported having 'no
knowledge’ or ’limited knowledge’ of the disease. This sug-
gests that physicians tend to focus primarily on the most ob-
vious and typical symptoms of MPS, potentially overlooking
milder or atypical symptoms.

It has been reported that there is usually a diagnostic delay of
at least three years in Fabry disease, and the diagnosis is most
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often established after the age of 20 [8]. Bulbul et al. evalu-
ated the awareness of physicians working in the province of
Kirikkale regarding Fabry disease and reported that only 22%
of them considered Fabry disease as a differential diagnosis in
patients presenting with compatible clinical findings [9]. In
our study, 75.7% of the participants reported having no or
limited knowledge about Fabry disease; this indicates insuf-
ficient awareness among physicians. It has been reported that
peripheral neuropathic pain is the most common presenting
complaint among patients with Fabry disease and is included
as the first step in most diagnostic algorithms [10]. However,
when Fabry-related symptoms were evaluated in our study,
only 29.5% of participants reported peripheral neuropathic
pain. This suggests that peripheral neuropathic pain is not
widely recognized by physicians. Conversely, the results sug-
gest that physicians are more familiar with the association be-
tween Fabry disease and renal complications in patients with
diabetes. These findings suggest that awareness of the early
clinical manifestations of Fabry disease is limited, with periph-
eral neuropathic pain , a characteristic symptom potentially,
being overlooked.

The clinical presentation of Pompe disease is highly hetero-
geneous in terms of age at symptom onset, rate of disease
progression, extent of organ involvement and overall clinical
severity [11,12]. Clinical manifestations may range from the
rapidly progressive classic infantile form, presenting with car-
diomyopathy before the age of one, to the more slowly pro-
gressive late-onset forms. A registry study conducted by Kish-
nani et al. in 2013 demonstrated, as in previous reports, a sig-
nificant diagnostic delay among patients with Pompe disease
[13-15]. Although ERT has been available since 2006, and di-
agnostic methods such as enzyme activity measurement and
genetic analysis are used, many patients still experience a pro-
longed interval between the onset of symptoms and diagnosis
[12,16,17]. In our study, the overall level of knowledge about
Pompe disease among participants was low. This suggests that
awareness of Pompe disease is limited, which, consistent with
the literature, may contribute to diagnostic delays.

A notable finding of our study is that despite the widespread
use of enzyme and genetic analyses in current diagnostic
processes, a significant proportion of physicians still believe
that invasive methods (e.g., bone marrow aspiration and liver
biopsy) play a role in diagnosis. This suggests that traditional
approaches still influence the diagnosis of LSD and highlights
the need to raise awareness of non-invasive, molecular-based
methods. Regarding knowledge of treatment approaches,
the majority of participants indicated that they believed treat-
ment improves outcomes. While most physicians correctly
identified ERT as a treatment option, fewer recognized sub-
strate reduction therapies. This suggests that physicians are
more familiar with ERT as the primary treatment for lyso-
somal storage diseases, while awareness of alternative ap-
proaches is relatively low. This finding is consistent with the
results of A study was conducted among hematologists and
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gastroenterologists in Japan [5]. The aforementioned study
found that a significant proportion of hematologists were fa-
miliar with ERT. However, awareness of SRT was lower. This
suggests that knowledge regarding the diagnosis and treat-
ment of rare metabolic diseases remains limited.

In our study, participants generally indicated that early diag-
nosis and treatment positively influence disease progression
in lysosomal storage diseases. Furthermore, a clear emphasis
was placed on the need for enhanced educational initiatives for
physicians, which may facilitate earlier recognition in clinical
practice.

Limitations

This study had several limitations. Firstly, the sample size
was relatively small, comprising only pediatric and internal
medicine specialists from a single centre, which limits the gen-
eralizability of the findings. The voluntary nature of partic-
ipation may have resulted in a higher proportion of inter-
ested physicians enrolling, thereby introducing selection bias.
Moreover, the survey was not pre-tested, which may have
resulted in participants interpreting certain questions difter-
ently. Nevertheless, the findings highlight the need for edu-
cational initiatives to raise awareness of lysosomal storage dis-
eases.

E CONCLUSION

The data obtained in our study, therefore, highlight the im-
portance of expanding educational programmes for physi-
cians about LSD and of strengthening initiatives aimed at im-
proving awareness of early diagnostic processes. Thus, early
diagnosis may increase the treatability of these diseases and
improve the patients’ quality of life. Further support for these
findings through larger, multicentre studies would help clar-
ify existing uncertainties surrounding the early diagnosis and
management of LSD.
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