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Abstract 

Background Metachromatic leukodystrophy (MLD; OMIM 250100 and 249900) is a rare lysosomal storage disease 
caused by deficient arylsulfatase A activity, leading to accumulation of sulfatides in the nervous system. This system‑
atic literature review aimed to explore the effect of MLD on the lives of patients.

Methods The Ovid platform was used to search Embase, MEDLINE, and the Cochrane Library for articles related 
to the natural history, clinical outcomes, and burden of illness of MLD; congress and hand searches were performed 
using ‘metachromatic leukodystrophy’ as a keyword. Of the 531 publications identified, 120 were included for data 
extraction following screening. A subset of findings from studies relating to MLD natural history and burden of illness 
(n = 108) are presented here.

Results The mean age at symptom onset was generally 16–18 months for late‑infantile MLD and 6–10 years for juve‑
nile MLD. Age at diagnosis and time to diagnosis varied widely. Typically, patients with late‑infantile MLD presented 
predominantly with motor symptoms and developmental delay; patients with juvenile MLD presented with motor, 
cognitive, and behavioral symptoms; and patients with adult MLD presented with cognitive symptoms and psy‑
chiatric and mood disorders. Patients with late‑infantile MLD had more rapid decline of motor function over time 
and lower survival than patients with juvenile MLD. Commonly reported comorbidities/complications included ataxia, 
epilepsy, gallbladder abnormalities, incontinence, neuropathy, and seizures.

Conclusions Epidemiology of MLD by geographic regions, quantitative cognitive data, data on the differences 
between early‑ and late‑juvenile MLD, and humanistic or economic outcomes were limited. Further studies on clinical, 
humanistic (i.e., quality of life), and economic outcomes are needed to help inform healthcare decisions for patients 
with MLD.

Keywords Metachromatic leukodystrophy, MLD, Natural history, Burden of illness, Systematic literature review, 
Lysosomal storage disease

Background
Metachromatic leukodystrophy (MLD; OMIM 250100 
and 249900) is a rare, life-limiting lysosomal storage 
disease (LSD). It is caused by pathogenic variants in the 
arylsulfatase A (ASA) or sphingolipid activator protein 
B (SAPB) genes (ARSA and PSAP, respectively), which 
are inherited in an autosomal recessive manner [1, 2]. 
Approximately 261 variants of ARSA and 64 variants of 
PSAP have been reported previously, and the majority 
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of cases of MLD are associated with ASA deficiency [1, 
2]. ASA or SAPB deficiency leads to accumulation of 
sulfatides throughout the body and is particularly det-
rimental to nervous system function [3]. The incidence 
(birth prevalence) of MLD varies across populations but 
has been estimated to be between 1 in 40,000 and 1 in 
160,000 [1].

There are three clinical subtypes of MLD, based 
on the age at first symptom onset: late-infantile 
(onset ≤ 2.5  years), juvenile (onset 2.5– < 16  years), and 
adult (onset ≥ 16  years) MLD [4, 5]. Juvenile MLD has 
been further subdivided into early-juvenile and late-
juvenile forms, which have onsets before or after the age 
of 6  years, respectively [5]. There is some evidence that 
disease onset with motor symptoms is associated with a 
more rapid disease progression than onset with cognitive 
symptoms only [5]. Patients with MLD are substantially 
impacted by a wide range of signs and symptoms, includ-
ing gait abnormalities, speech regression, and seizures 
[1, 4]. Across all clinical subtypes of MLD, the lives of 
patients are shortened, with many patients not reaching 
adulthood [3, 4].

Published evidence about the natural history of MLD 
and how the disease affects the lives of patients is lim-
ited and has not, to our knowledge, been reviewed 
systematically.

For this systematic literature review (SLR), our aim 
was to understand how MLD affects the lives of patients. 
Here, we report a subset of our findings, focused on the 
epidemiology and natural history of MLD, including dis-
ease progression and associations between physical func-
tion and disease progression. While the focus of this SLR 
was on patients with late-infantile or juvenile MLD, rele-
vant information from patients with adult MLD was also 
considered.

Methods
Search strategy
This study was conducted in accordance with guidelines 
from the Cochrane Collaboration [6], the University of 
York Centre for Reviews and Dissemination (CRD) [7], 
and the Preferred Reporting Items for Systematic review 
and Meta-Analysis (PRISMA) [8], and it was registered in 
the PROSPERO database.

The Ovid platform was used to search Embase (1974–
2021), MEDLINE, and the Cochrane Library on June 
23, 2021. The search strings used (Additional files 1, 
2, 3) related to the natural history, clinical outcomes 
(not reported here), and burden of illness of MLD for 
patients with MLD. Congress and hand searches were 
also performed using ‘metachromatic leukodystrophy’ 
as a keyword. Congress searches covered the follow-
ing congresses from 2020 to 2021: WORLDSymposium; 

International Congress of Inborn Errors of Metabolism; 
Society for the Study of Inborn Errors of Metabolism; 
International Society of Pharmacoeconomics and Out-
comes Research European, US, and international con-
gresses; Society for Inherited Metabolic Disorders; 
Child Neurology Society; American Neurological Asso-
ciation; European Society of Human Genetics; Euro-
pean Paediatric Neurology Society; European Academy 
of Neurology; American College of Medical Genet-
ics and Genomics; European Society of Gene and Cell 
Therapy; and Congress of Neurological Surgeons. Hand 
searches covered the websites for ClinicalTrials.gov, the 
Cost-Effectiveness Analysis Registry, the International 
Clinical Trials Registry Platform, Research Papers in 
Economics, the University of Sheffield School of Health 
and Related Research Health Utilities Database, and the 
University of York CRD.

Eligibility criteria
The Participants, Interventions, Comparators, Out-
comes, and Study design (PICOS) criteria are sum-
marized in Table  1. For study titles and abstracts, 
double-blind screening was performed by two research-
ers, and any uncertainties were checked by a third 
reviewer. For congress abstracts and hand searches, 
screening was performed by one reviewer.

Full‑text review and data extraction
Single-blind full-text review was performed by one 
reviewer, with a second person resolving any uncer-
tainties to confirm eligibility. Data were extracted into 
a predefined data extraction table by one reviewer and 
independently checked for errors by a second reviewer. 
Discrepancies were resolved through discussion or 
with the intervention of a third reviewer. For papers 
that reported data across LSDs or on leukodystrophy 
cohorts, data were extracted for the patients with MLD 
only if outcomes were reported separately for these 
patients.

Quality assessment
No randomized controlled trials were identified, but 
quality assessment using the Risk Of Bias In Non-rand-
omized Studies  -  of Interventions (ROBINS-I) tool was 
completed for all full publications reporting data from 
non-randomized interventional clinical studies. For pub-
lications reporting data from non-interventional studies, 
the overall quality of the evidence identified was infor-
mally assessed based on a review of study methods and 
population size.
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Table 1 PICOS eligibility criteria

Eligibility criteria Inclusion criteria

Population Patients with  MLDa

• Late‑infantile MLD
• Juvenile MLD
• Adult MLD

Interventions Any or none

Comparators Any or none

Outcomes Natural history evidence
• Association between GMFC‑MLD at baseline or phenotype and outcomes 
in the future, especially progression‑related
  •  To include evidence for which an association has already been tested and evidence 
that could later be used for statistical testing (e.g., any longitudinal data)
• Specific question: does  treatmentb give longer time in a more severe disease state?
Clinical outcomes 
• Treatment options (best supportive care, HSCT, gene therapy, etc.), associated clini‑
cal outcomes in different disease stages, and variability across key markets
•Disease progression (including but not limited to):
• gross motor function
• cognitive function
 • difficulty in eating and drinking
• difficulty in breathing
• Morbidity and mortality associated with different treatment options stratified by:
      • clinical subtype (late‑infantile, juvenile, or adult MLD)
      • disease stages
       • time period
 •  Treatment efficacy and/or effectiveness, treatment safety
    • Response and change from baseline evaluated using GMFC‑MLD, including time 
to unreversed decline
   • Response and change from baseline evaluated using GMFM‑88, including total 
score decline
   • Change from baseline in expressive language evaluated using ELFC‑MLD
   • Change from baseline in CSF sulfatide levels
   • Change from baseline in proton MRS metabolite level of N‑acetylaspartate/cre‑
atine
   • Change from baseline in Eichler MLD MRI severity score
   • TEAEs
   • AEs (grade > 3)
   • Pharmacokinetic measurements
   • HRQoL and patient‑reported outcomes (LQLA; Vineland Adaptive Behavior Scales; 
PedsQL Family Impact Module, EQ‑5D‑5L, and EQ‑5D‑Y), COMFORT
  •Association between benefit for patient subgroups and types of treatments (espe‑
cially HSCT)
• Humanistic and economic burden of illness evidence
• Healthcare resource use and costs (by clinical subtype and phenotype if reported)
 •Direct healthcare‑related resource use (e.g., number of hospital admissions, days 
per admission)
• Cost of treatments
• Indirect healthcare cost (e.g., home modifications, wheelchairs, transportation, cost 
of care)
• Societal resource use (e.g., days that the caregivers take off work, percentage of peo‑
ple who quit their jobs)
•Economic evaluations
• Quality‑adjusted life‑years gained
 •Progression‑free life‑years gained
• Life‑years gained
•Health state utilities
• Treatment patterns by geography (especially use of HSCT)

Study design Natural history
• Real‑world observational/non‑interventional studies
• Clinical evidence
• RCTs, single‑arm trials and real‑world observational/non‑interventional studies
• Humanistic and economic burden of illness evidence
• Not limited by study type
• All evidence
• SLRs and meta‑analysesc

• Animal/in vitro studies and case reports will be excluded; case series will be included
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Results
Search results
The search identified 531 publications, of which 63 were 
removed as duplicates before title/abstract screening 
and 267 were excluded following title/abstract screen-
ing (Fig. 1). The full texts of the remaining 201 publica-
tions were screened against the PICOS criteria, following 
which 111 published studies were considered eligible 
for inclusion. Six abstracts were also identified from the 
congress searches, and three studies were included on 
request. In total, data were extracted from 120 studies, 
of which 88 were full publications and 32 were abstracts. 
Of the 120 studies, 22 were interventional in design (all 
of which were single-armed) and the remaining 98 were 
observational. All non-randomized, interventional stud-
ies were assessed with the ROBINS-I tool and deter-
mined to be of moderate quality.

The studies selected for data extraction used patient 
data from countries across six continents. The countries 
with the largest number of studies reporting patient data 
were the USA, Germany, and Italy (20, 12, and 12 stud-
ies, respectively). Six studies included data from multiple 
countries/continents, and the country was not reported 
or unclear for 13 studies. We report a subset of studies 
(n = 108) that describe the natural history and burden of 
illness of MLD. Of these, 70 were natural history studies. 
Note that any data from the remaining observational, ret-
rospective, or interventional studies (n = 38) were related 
to patients who were not receiving treatment in the form 
of hematopoietic stem cell transplantation, gene therapy, 
or enzyme replacement therapy, except where otherwise 
stated.

Epidemiology
The birth incidence and birth prevalence of MLD were 
reported in eight [9–16] and four [13, 14, 16, 17] studies, 

respectively (Table 2). For birth incidence, only postnatal 
diagnoses were considered, whereas for birth prevalence, 
both prenatal and postnatal diagnoses were considered. 
The data from these studies spanned 10 countries over a 
wide time frame and used different methodologies. 

The Czech Republic was reported to have the low-
est birth prevalence of MLD at 0.69 per 100,000 births 
[16], and Poland was reported as having the highest birth 
prevalence of 4.1 per 100,000 births [13]. Sweden was 
reported to have the highest incidence of MLD at 2.5 per 
100,000 births [10], and Japan was reported to have the 
lowest incidence at 0.16 per 100,000 births [16].

The percentage of MLD cases within leukodystrophies 
was reported in nine studies [11, 18–25] and ranged from 
8.0% (country not reported) [18] to 42.4% (Saudi Arabia) 
[22]. One study reported a proportion lower than this 
range (3.0%), but it only included individuals who did not 
have diagnostic testing in another healthcare system and 
who had no previous family members with the same diag-
nosis [25]. The reported proportion of MLD within LSDs 
was reported in seven studies [12, 14, 16, 26–29] and 
ranged from 3.3% (Japan) to 47.6% (Tunisia); however, 
the inclusion criteria varied between the studies. Those 
reporting a higher proportion of MLD within leukodys-
trophies or LSDs tended to have a smaller study popula-
tion or were conducted in countries with higher rates of 
consanguinity. Three studies reported the proportion of 
MLD in inborn errors of metabolism, which ranged from 
1.4% to 18.2% [29–31]. Three studies reported the preva-
lence of MLD in lipidoses, which ranged from 18.0% to 
30.2% [12, 17, 32].

Natural history
Age at symptom onset was reported in 51 studies [5, 9, 
10, 22, 24, 32–77]. Across all studies, the range of ages at 
symptom onset (for individual patients) was 0.5–3 years 

AE: adverse event; COMFORT: Caregiver Observed MLD Functioning and Outcomes Reporting Tool; CSF: cerebrospinal fluid; ELFC-MLD, Expressive Language Function 
Classification in MLD; EQ-5D-5L: EuroQoL 5-dimension 5-level; EQ-5D-Y: EuroQoL 5-dimension youth; GMFC-MLD: Gross Motor Function Classification in MLD;

GMFM-88: Gross Motor Function Measure 88-item; HRQoL: health-related quality of life; HSCT: hematopoietic stem cell transplantation; LQLA: Leukodystrophy Quality 
of Life Assessment; MLD: metachromatic leukodystrophy; MRI: magnetic resonance imaging; MRS: magnetic resonance spectroscopy; PedsQL: Pediatric Quality of 
Life Inventory; PICOS: Participants, Interventions, Comparators, Outcomes, and Study design; RCT: randomized controlled trial; SLR: systematic literature review; TEAE: 
treatment-emergent adverse event
a Studies reporting adult populations were initially tagged at full-text review without data extraction
b Best supportive care
c The reference lists from these publications were cross-checked against lists of included references in our SLR to ensure that all relevant data had been identified. 

Any additional relevant data were extracted

Table 1 (continued)

Eligibility criteria Inclusion criteria

Date restrictions •No limit

Publication type • All primary publications and  SLRsc

• Non‑SLRs, editorials, notes, and letters will be excluded

Country and language • All countries if English language
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Total number of papers iden�fied: 531 
Embase®: 348 
MEDLINE®: 179 
Cochrane: 4 
 Duplicate papers removed (via 

EndNote): 63  
Included for electronic screening: 468 

Excluded by �tle/abstract: 267 
Duplicate: 18 
Review/editorial: 92 
Animal/in vitro study: 34  
Pa�ent popula�on: 14 
Disease: 64 
Study design: 1 
Outcome: 17 
Case study: 27 

Data extracted and reported: 120b,c 

Included data on the natural history and burden of illness 
of MLD, not related to treatment: 108 

Excluded by full paper review: 84 
Duplicate: 13 
Review/editorial: 3 
Animal/in vitro: 6 
Pa�ent popula�on: 8 
Disease: 9 
Study design: 1 
Outcome: 42 
Case study (1 pa�ent): 2 

Tagged by full paper review: 6 
Adult MLD: 6 

New evidence from 
hand and conference 

searching: 6 

Addi�onal studies 
requested: 3 

Included for data extrac�on: 111 

Included for full paper review: 201  
(including 5 SLRs/meta-analysesa and 8 studies 

repor�ng adult MLD, which were tagged by 
�tle/abstract)  

Fig. 1 PRISMA diagram. aThe reference lists from these publications were cross‑checked against lists of included references to ensure 
that all relevant data were identified. Data from SLRs/meta‑analyses were not extracted. bFour references were data‑extracted, but data were 
either not reported separately for patients with MLD, or no relevant data were reported in the publication. cOf the 120 publications from which data 
were extracted, 108 related to the natural history and burden of illness of MLD (i.e., non‑treatment related). MLD: metachromatic leukodystrophy; 
PRISMA: Preferred Reporting Items for Systematic review and Meta‑Analysis; SLR: systematic literature review



Page 6 of 26Chang et al. European Journal of Medical Research          (2024) 29:181 

Ta
bl

e 
2 

Bi
rt

h 
in

ci
de

nc
e 

an
d 

bi
rt

h 
pr

ev
al

en
ce

 o
f M

LD

A
ut

ho
r(

s)
, y

ea
r

co
un

tr
y

Ti
m

e 
pe

ri
od

Bi
rt

h 
in

ci
de

nc
e 

of
 M

LD
Bi

rt
h 

pr
ev

al
en

ce
 o

f M
LD

Co
un

tr
y/

re
gi

on
 

re
po

rt
ed

N
um

be
r o

f d
ia

gn
os

ed
 

ca
se

s 
of

 M
LD

To
ta

l p
op

ul
at

io
n

A
rt

ig
al

as
 e

t a
l. 

20
10

 [9
]

Br
az

il
20

03
–2

00
7

M
in

im
um

 in
ci

de
nc

e 
of

 M
LD

: 0
.6

7 
pe

r 1
00

,0
00

 
liv

e 
bi

rt
hs

N
R

Ri
o 

G
ra

nd
e 

do
 S

ul
, B

ra
zi

l
5

74
5,

97
1 

liv
e 

bi
rt

hs

G
us

ta
vs

on
 a

nd
 H

ag
be

rg
. 

19
71

 [1
0]

Sw
ed

en

19
55

–1
96

5
Bi

rt
h 

in
ci

de
nc

e 
fo

r l
at

e‑
in

fa
nt

ile
 M

LD
: ~

 1
 

pe
r 4

0,
00

0 
bi

rt
hs

 (2
.5

 
pe

r 1
00

,0
00

 b
irt

hs
)a

N
R

U
m

eh
 a

nd
 U

pp
sa

la
, 

Sw
ed

en
8 

la
te

‑in
fa

nt
ile

; 1
 ju

ve
ni

le
31

6,
78

6 
to

ta
l b

irt
hs

H
ei

m
 e

t a
l. 

19
97

 [1
1]

G
er

m
an

y
19

84
–1

99
0

M
in

im
al

 in
ci

de
nc

e 
of

 a
ll 

M
LD

 s
ub

ty
pe

s 
of

 b
ot

h 
se

xe
s: 

0.
6 

pe
r 1

00
,0

00
 li

ve
 b

irt
hs

N
R

G
er

m
an

y
41

N
R

H
ul

t e
t a

l. 
20

14
 [1

2]
Sw

ed
en

19
80

–2
00

9
In

ci
de

nc
e 

of
 M

LD
: 1

.7
3 

di
ag

no
se

s 
pe

r 1
00

,0
00

 
bi

rt
hs

, c
or

re
sp

on
di

ng
 

to
 1

 p
er

 5
8,

00
0 

bi
rt

hs

N
R

Sw
ed

en
36

2,
08

0,
79

1 
bi

rt
hs

Ko
to

 e
t a

l. 
20

21
 [1

6]
,b

Ja
pa

n
19

75
–2

01
3

Bi
rt

h 
in

ci
de

nc
e 

of
 M

LD
: 

0.
16

 p
er

 1
00

,0
00

c
N

R
Ja

pa
n

83
 (e

st
im

at
ed

 n
um

be
r 

of
 p

at
ie

nt
s)

N
R

N
R

N
R

1.
09

 p
er

 1
00

,0
00

A
us

tr
al

ia
 (M

ei
kl

e 
et

 a
l. 

19
99

) [
14

]
N

R
N

R

1.
42

 p
er

 1
00

,0
00

N
et

he
rla

nd
s 

(P
oo

rt
hu

is
 

et
 a

l. 
19

99
) [

17
]

N
R

N
R

1.
85

 p
er

 1
00

,0
00

Po
rt

ug
al

N
R

N
R

0.
69

 p
er

 1
00

,0
00

C
ze

ch
 R

ep
ub

lic
N

R
N

R

1.
43

 p
er

 1
00

,0
00

d
Tu

rk
ey

N
R

N
R

2.
0 

pe
r 1

00
,0

00
U

SA
 (B

on
ko

w
sk

y 
et

 a
l. 

20
18

) [
12

3]
N

R
N

R

Lu
go

w
sk

a 
et

 a
l. 

20
11

 [1
3]

Po
la

nd
19

75
–2

00
4

19
60

–2
00

9
Es

tim
at

ed
 in

ci
de

nc
e:

 0
.3

8 
pe

r 1
00

,0
00

 li
ve

 b
irt

hs
 

ba
se

d 
on

 d
ia

gn
os

ed
 c

as
es

Ex
pe

ct
ed

 b
irt

h 
pr

ev
al

en
ce

 
(b

as
ed

 o
n 

ca
rr

ie
r r

at
es

)e  
pe

r 1
00

,0
00

 c
on

ce
iv

ed
 

fe
tu

se
s

• C
oh

or
t 1

: 4
.0

 (9
5%

 C
I: 

1.
7–

9.
6)

, o
r 1

 in
 2

5,
00

0
• C

oh
or

t 2
: 4

.1
 (9

5%
 C

I: 
1.

4–
12

.4
), 

or
 1

 in
 2

4,
39

0
• P

oo
le

d 
es

tim
at

e:
 4

.1
 

(9
5%

 C
I: 

1.
8–

9.
4)

, o
r 1

 
in

 2
4,

39
0 

w
ith

 tw
o 

pa
th

o‑
ge

ni
c 

m
ut

at
io

ns

Po
la

nd
62

 (1
97

5–
20

04
)

73
 (1

96
0–

20
09

)
16

,3
32

,7
00

 (n
um

be
r 

of
 b

irt
hs

 b
et

w
ee

n 
19

75
 

an
d 

20
04

)
26

,8
95

,0
00

 (n
um

be
r 

of
 b

irt
hs

 b
et

w
ee

n 
19

60
 

an
d 

20
09

)

M
ei

kl
e 

et
 a

l. 
19

99
 [1

4]
A

us
tr

al
ia

Ja
nu

ar
y 

19
80

 to
 D

ec
em

‑
be

r 1
99

6
In

ci
de

nc
e 

in
 1

00
0s

:f  
12

1 
(1

/1
21

,0
00

 =
 0

.8
3 

pe
r 1

00
,0

00
 b

irt
hs

)a

Pr
ev

al
en

ce
 in

 1
00

0s
:f  

92
 (1

/9
2 

00
0 

=
 1

.0
9 

pe
r 1

00
,0

00
 b

irt
hs

)a

A
us

tr
al

ia
46

 (3
5 

po
st

na
ta

l, 
11

 
pr

en
at

al
)

54
5 

ly
so

so
m

al
 s

to
ra

ge
 

di
se

as
e 

di
ag

no
se

s



Page 7 of 26Chang et al. European Journal of Medical Research          (2024) 29:181  

AR
SA

: a
ry

ls
ul

fa
ta

se
 A

 g
en

e;
 C

I: 
co

nfi
de

nc
e 

in
te

rv
al

; M
LD

: m
et

ac
hr

om
at

ic
 le

uk
od

ys
tr

op
hy

; N
R:

 n
ot

 re
po

rt
ed

a  C
on

ve
rt

ed
 fo

r e
as

e 
of

 in
te

rp
re

ta
tio

n
b  D

at
a 

fr
om

 th
e 

N
et

he
rla

nd
s 

an
d 

Po
rt

ug
al

 o
nl

y 
in

cl
ud

ed
 p

at
ie

nt
s 

w
ith

 a
n 

en
zy

m
at

ic
 d

ia
gn

os
is

, w
hi

le
 th

e 
re

po
rt

 fr
om

 T
ur

ke
y 

in
cl

ud
ed

 p
at

ie
nt

s 
yo

un
ge

r t
ha

n 
5 

ye
ar

s 
of

 a
ge

. T
he

re
fo

re
, t

he
 n

um
be

r o
f p

at
ie

nt
s 

m
ay

 b
e 

un
de

re
st

im
at

ed
c  T

he
se

 d
at

a 
w

er
e 

re
po

rt
ed

 in
 th

e 
or

ig
in

al
 p

ub
lic

at
io

n 
as

 b
irt

h 
pr

ev
al

en
ce

, b
ut

 b
ec

au
se

 th
ey

 d
o 

no
t i

nc
lu

de
 p

re
na

ta
l d

at
a,

 th
ey

 h
av

e 
be

en
 re

po
rt

ed
 h

er
e 

as
 b

irt
h 

in
ci

de
nc

e
d  T

he
se

 d
at

a 
w

er
e 

re
po

rt
ed

 in
 th

e 
or

ig
in

al
 p

ub
lic

at
io

n 
as

 b
irt

h 
in

ci
de

nc
e,

 b
ut

 b
ec

au
se

 th
ey

 in
cl

ud
e 

pr
en

at
al

 d
at

a,
 th

ey
 h

av
e 

be
en

 re
po

rt
ed

 h
er

e 
as

 b
irt

h 
pr

ev
al

en
ce

e  B
as

ed
 o

n 
m

ut
at

io
n 

ca
rr

ie
r r

at
es

 o
f t

he
 A

RS
A 

ge
ne

 fo
r c

oh
or

t 1
: c

.4
59

 +
 1

G
 >

 A
, p

.P
42

6L
, a

nd
 p

.I1
79

S 
am

on
g 

in
di

vi
du

al
s 

un
de

rg
oi

ng
 p

at
er

ni
ty

 te
st

in
g;

 c
oh

or
t 2

: c
.4

59
 +

 1
G

 >
 A

 a
nd

 p
.I1

79
S 

in
 a

 s
tu

dy
 p

op
ul

at
io

n 
re

pr
es

en
ta

tiv
e 

of
 th

e 
Po

lis
h 

po
pu

la
tio

n;
 a

nd
 p

oo
le

d 
co

ho
rt

: c
.4

59
 +

 1
G

 >
 A

 a
nd

 p
.I1

79
S

f  In
ci

de
nc

e 
w

as
 c

al
cu

la
te

d 
by

 d
iv

id
in

g 
th

e 
nu

m
be

r o
f p

os
tn

at
al

 d
ia

gn
os

es
 b

y 
th

e 
nu

m
be

r o
f b

irt
hs

 d
ur

in
g 

th
e 

st
ud

y 
pe

rio
d

g  B
or

n 
du

rin
g 

th
e 

in
di

ca
te

d 
pe

rio
d

h  C
or

re
ct

ed
 in

 2
01

7 
co

rr
ig

en
du

m
[1

5]
i  B

y 
ge

ne
tic

 s
cr

ee
ni

ng
 o

f n
ew

bo
rn

 c
hi

ld
re

n 
fo

r t
he

 P
37

7L
 m

ut
at

io
n 

of
 th

e 
AR

SA
 g

en
e

Ta
bl

e 
2 

(c
on

tin
ue

d)

A
ut

ho
r(

s)
, y

ea
r

co
un

tr
y

Ti
m

e 
pe

ri
od

Bi
rt

h 
in

ci
de

nc
e 

of
 M

LD
Bi

rt
h 

pr
ev

al
en

ce
 o

f M
LD

Co
un

tr
y/

re
gi

on
 

re
po

rt
ed

N
um

be
r o

f d
ia

gn
os

ed
 

ca
se

s 
of

 M
LD

To
ta

l p
op

ul
at

io
n

Po
or

th
ui

s 
et

 a
l. 

19
99

 [1
7]

Th
e 

N
et

he
rla

nd
s

• L
at

e‑
in

fa
nt

ile
: 1

96
5–

19
91

g

• J
uv

en
ile

: 1
95

4–
19

91
g

• A
du

lt:
19

27
–1

97
0g

• U
ns

pe
ci

fie
d:

 (1
95

7–
19

92
)g

N
R

Bi
rt

h 
pr

ev
al

en
ce

 
pe

r 1
00

,0
00

:
•  

la
te

‑in
fa

nt
ile

: 0
.5

2
• j

uv
en

ile
: 0

.5
1

• a
du

lt:
 0

.2
4

• u
ns

pe
ci

fie
d:

 0
.1

5
  a

ll:
 1

.4
2

N
et

he
rla

nd
s

• L
at

e‑
in

fa
nt

ile
: 2

8
• J

uv
en

ile
: 4

1
• A

du
lt:

 2
3

• U
ns

pe
ci

fie
d:

 1
1

• A
ll:

 1
03

N
um

be
r o

f l
iv

e 
bi

rt
hs

:
• L

at
e‑

in
fa

nt
ile

: 5
,3

46
,3

84
 

(1
96

5–
19

91
)

• J
uv

en
ile

: 7
,9

82
,0

18
 

(1
95

4–
19

91
)

• A
du

lt:
 9

,5
17

,0
68

 
(1

92
7–

19
70

)
• U

ns
pe

ci
fie

d:
 7

,4
89

,8
65

 
(1

95
7–

19
92

)

St
el

lit
an

o 
et

 a
l. 

20
16

 [1
5]

U
K

19
97

–2
01

4
Es

tim
at

ed
 li

fe
tim

e 
ris

k 
pe

r m
ill

io
n 

U
K 

liv
e 

bi
rt

hs
: 

5.
8g  (0

.5
8 

pe
r 1

00
,0

00
 li

ve
 

bi
rt

hs
)a

N
R

U
K

76
37

58
 n

ot
ifi

ca
tio

ns
 o

f c
hi

l‑
dr

en
 m

ee
tin

g 
cr

ite
ria

 
fo

r p
ro

gr
es

si
ve

 in
te

lle
ct

ua
l 

an
d 

ne
ur

ol
og

ic
al

 d
et

er
io

ra
‑

tio
n;

 d
ia

gn
os

ed
 le

uk
od

ys
‑

tr
op

hi
es

 n
 =

 3
49

Zl
ot

og
or

a 
et

 a
l. 

20
16

 [9
4]

Is
ra

el
20

13
–2

01
4

N
R

N
R

Is
ra

el
9 

 ca
rr

ie
rs

h,
i

89
1 

Ye
m

en
ite

 J
ew

s



Page 8 of 26Chang et al. European Journal of Medical Research          (2024) 29:181 

for late-infantile MLD [9, 10, 34, 35, 38, 44, 45, 49–51, 
53, 55, 57–59, 61–65, 72, 75, 77], 2–16 years for juvenile 
MLD (one study exclusively recruited early-symptomatic, 
early-juvenile patients) [9, 10, 34, 35, 45, 47, 49, 51–53, 
55, 57, 63–65, 71, 72, 75, 77, 78], and 17–35  years for 
adult MLD [49, 72]. In most studies, mean age at symp-
tom onset ranged from 16 to 18  months for the late-
infantile subtype of MLD. For juvenile MLD, mean age at 
symptom onset ranged from 6 to 10 years [5, 9, 10, 22, 24, 
32–77].

Age at diagnosis was reported in 19 studies [9, 12, 16, 
22, 35, 39, 42, 44, 53, 60, 66, 72, 73, 79–84], of which 
seven [9, 53, 66, 79, 81–83] reported data for the differ-
ent clinical subtypes of MLD. The age at diagnosis ranged 
from 0.4 to 8.6 years for late-infantile MLD [9, 12, 14, 16, 
35, 44, 53, 72, 79, 81–84], from 3.0 to 21.6 years for juve-
nile MLD [9, 12, 14, 16, 35, 53, 72, 81, 82, 84], and from 
17.0 to 35.3  years for adult MLD [72, 84]. Five of these 
studies reported children who received a diagnosis after 
an affected sibling [39, 42, 53, 72, 80].

Time to diagnosis from onset of symptoms was 
reported in 11 studies [9, 22, 38, 39, 53, 57, 69, 81, 85–87]. 
Based on five studies that reported MLD-subtype-spe-
cific data, the ranges for time to diagnosis from symptom 
onset were 0–7.1 years for late-infantile MLD, with one 
study that reported a range from “almost immediately” to 
13 months [81], and 0.1–23.5 years for juvenile MLD [9, 
53, 57, 81, 85]. It should be noted that some of the studies 
reporting data on age at symptom onset and age at diag-
nosis did not report data for untreated patients specifi-
cally; therefore, some of the patients may have received 
treatment during or before the study.

Genetic variants
Although genetic variation was not a prespecified out-
come of interest in this review (see Table  1), any geno-
type information in the identified studies was recorded 
and is later summarized. ARSA variants associated with 
MLD were reported in 27 studies [5, 13, 15, 22, 24, 45, 49, 
50, 52, 60–62, 66, 67, 69, 72, 75, 76, 80, 84, 88–94]. Most 
of these studies reported genetic variants per patient as 
a case series. Lugowska et al. [90] reported the distribu-
tion of two variants by MLD subtype in a population 
from 16 European countries. The c.459 + 1G > A variant 
was found at a rate of 25% in patients with MLD (194/768 
patients) and was found more commonly in patients with 
late-infantile MLD (137/344 [40%]) than in other clinical 
subtypes of MLD (juvenile: 36/222 [16%]; adult: 15/160 
[9%]). The p.P426L variant was found at a rate of 18.6% in 
patients with MLD (143/768 patients) and was consider-
ably more common in juvenile MLD (66/222 [30%]) and 
adult MLD (68/160 [42.5%]) than in late-infantile MLD 
(3/344 [0.9%]). Note that some of these studies did not 

report data for untreated patients specifically, so some 
patients may have received treatment during or before 
the study.

Initial symptoms in untreated children
Qualitative descriptions of disease severity at baseline 
in untreated children were identified in 20 studies, all of 
which were observational studies [5, 9, 24, 34, 35, 38, 43, 
45, 56, 57, 62, 65, 71, 72, 74, 75, 89, 92, 95, 96]. Patients 
with late-infantile MLD generally presented predomi-
nantly with motor symptoms and developmental delays, 
whereas patients with juvenile MLD generally presented 
with motor, cognitive, and behavioral symptoms. The ini-
tial presentation of adult MLD was typified by cognitive 
symptoms and psychiatric and mood disorders.

Thirteen studies reported differences in initial symp-
toms between the late-infantile and juvenile forms of 
MLD [5, 9, 24, 34, 35, 38, 49, 53, 57, 63, 65, 81, 86]. The 
findings of these studies are summarized in Table  3. 
Patients with early-juvenile MLD were more likely to 
have some level of motor impairment with cognitive defi-
cits, whereas patients with late-juvenile MLD were more 
likely to have predominantly cognitive or behavioral 
symptoms [5, 34, 49].

The most frequently reported initial symptoms affect-
ing motor function were gait disturbances, walking diffi-
culties, frequent falls, and problems with balance, and the 
most frequently reported symptoms affecting cognitive 
function included learning difficulties, language acquisi-
tion, and behavioral changes. Other frequently reported 
initial symptoms were neuropathy, ataxia, seizures, 
tremor, and incontinence.

Gross Motor Function Classification in MLD (GMFC‑MLD) 
level at baseline
The GMFC-MLD is a clinician-rated classification sys-
tem of motor decline in MLD [97]. It has seven cat-
egories representing clinically relevant stages from 
normal (category 0) to loss of all locomotion (category 
6) including head and trunk control [97]. GMFC-
MLD level at disease baseline in untreated patients 
was reported in five studies, which are later described 
in detail [50, 56, 65, 72, 85]. Unless stated otherwise, 
baseline was defined as the patient’s GMFC-MLD level 
at the time of first assessment as reported by each 
study. There was a trend for patients with late-infantile 
MLD to have a higher baseline GMFC-MLD level than 
patients with juvenile or adult MLD.

Kehrer et  al. reported GMFC-MLD levels in 
patients at the age of 18  months, which is the earli-
est age at which the scale can be reliably used. Gross 
motor function before 18  months was considered 
‘normal’ if there was no evidence of motor regression 
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and if developmental milestones were achieved at the 
expected chronological age. There was a significant 
difference between late-infantile and juvenile MLD; 
only 5/28 patients with late-infantile MLD had ‘nor-
mal’ gross motor function before the age of 18 months, 
whereas all patients with juvenile MLD had ‘nor-
mal’ motor function at this age (P < 0.001). At age 
18 months, most patients with late-infantile MLD were 
at GMFC-MLD level 1 or 2 (level 0: n = 3; level 1: n = 7; 
level 2: n = 9; level 3: n = 3), whereas all patients with 
juvenile MLD were at level 0 [56].

Raina et  al. retrospectively reported median GMFC-
MLD levels in patients’ first recorded clinical, electroneu-
rography, and neuroimaging examinations. Patients 
with late-infantile MLD tended to be at a higher level 
of GMFC-MLD than patients with juvenile MLD (late-
infantile MLD [n = 4]: level 6 [range: 2–6]; juvenile MLD 
[n = 8]: level 2 [1–6]) [65].

Tillema et al. collected data on GMFC-MLD levels via 
a retrospective clinical chart review as part of a study 
in patients who had undergone magnetic resonance 
imaging (MRI) scans shortly after diagnosis. The study 
reported a median GMFC-MLD score of 1 (range: 0–6) 
for childhood-onset MLD (late-infantile MLD: n = 3; 
juvenile MLD: n = 11) and a median score of 0 (range: 
0–1) for adult MLD (n = 6) [72].

Groeschel et  al. reported cerebral volumetric changes 
as assessed by MRI in patients with late-infantile MLD 
(n = 18) and compared these cross-sectionally with those 
from typically developing children in the same age range 
(n = 42). The GMFC-MLD level for each patient with 
MLD at the time of MRI examination was reported; most 
patients were at the higher levels of GMFC-MLD 

(level 1: n = 1; level 2: n = 4; level 3: n = 1; level 4: n = 1; 
level 5: n = 4; level 6: n = 7) [50].

Ammann-Schnell et  al. reported the results of semi-
standardized questionnaires completed by the parents 
of patients with MLD. At the time of the survey, parents 
reported a median GMFC-MLD level of 6 (range: 5–6) 
for patients with late-infantile MLD (n = 8) and 4.5 (0–6) 
for patients with juvenile MLD (n = 18) [85].

Comorbidities and complications
Comorbidities and complications related to MLD were 
reported in a cross-sectional manner in 35 studies [11, 
15, 16, 20, 21, 24, 33, 36, 38, 39, 42, 43, 46, 47, 49, 55, 59–
61, 64–66, 69, 74, 75, 78, 80, 81, 83, 86, 98–102]. Neurop-
athy, seizures, gallbladder abnormalities, incontinence, 
ataxia, epilepsy, and optic atrophy were reported in four 
or more studies (Fig. 2). Difficulties with swallowing were 
also reported in four studies, of which three also reported 
difficulties with breathing, and hypertonia or hypotonia 
were reported in three studies [15, 16, 21, 61, 81, 101]. 

Other comorbidities and complications reported (in 
single studies only) included scoliosis, unilateral left hip 
subluxation, spastic quadriparesis, dysarthria, visual loss, 
spasticity, dystonia, abnormal nerve conduction, meta-
bolic acidosis, and decline in language [21, 61, 64, 99]. 
Additionally, one phenome-wide association study com-
pared four specifical leukodystrophies (X-linked adre-
noleukodystrophy, Hurler disease, Krabbe disease, and 
MLD) in a nationwide pediatric database and found that 
while developmental delay, epilepsy, fluid and electrolyte 
disturbances, and respiratory issues were shared mor-
bidities in leukodystrophies, infantile cerebral palsy was 
uniquely associated with MLD [20].

Disease progression
Progression-related outcomes in untreated patients with 
MLD were described in 20 studies containing longitudi-
nal data [5, 9, 39, 42, 45, 49–53, 55–58, 63, 71, 76, 87, 103, 
104]. The findings from these studies are summarized in 
Table  4. Overall, patients with late-infantile MLD were 
reported to have a faster decline of motor function over 
time than patients with juvenile MLD (based on data 
from 10 studies) [9, 39, 53, 55, 56, 58, 61, 63, 76, 103]. 
Changes in cognitive function in patients with MLD from 
natural history cohorts were reported in nine studies [5, 
45, 51–53, 57, 61, 76, 104], of which one study reported 
changes over time using the Bayley Scales of Infant 
Development, second edition [76]. Disease progression 
in MLD affecting eating and drinking was reported in 
six studies that included natural history cohorts [5, 39, 
42, 49, 53, 55]. Impairment or decline in language was 
reported in five studies; none of these reported explicitly 
using the Expressive Language Function Classification in 
MLD [5, 45, 53, 57, 65].

Changes in GMFC-MLD scores over time were 
reported in nine studies that included untreated patients 
[5, 45, 49–52, 56, 71, 87]. Generally, children with late-
infantile MLD had more rapid deterioration of gross 
motor function than children with juvenile-onset MLD. 
The age at entry into a certain GMFC-MLD category 
was reported to be more uniform in late-infantile than 
juvenile MLD [45, 56]. There was also some evidence of 
a positive correlation between demyelination load and 
GMFC-MLD scores [50, 51, 71].

Gross motor function (not assessed in relation to 
baseline GMFC-MLD) was reported in 10 studies that 
included untreated patients [9, 39, 53, 55, 56, 58, 61, 63, 
76, 103]. Time of acquisition and loss of neuropsycho-
motor milestones were reported in one study [9]. Over-
all, these studies showed that patients with late-infantile 
MLD had faster declines of gross motor function over 
time than patients with juvenile MLD.
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Mortality and survival
Data on mortality for untreated patients were reported in 
seven studies [10, 22, 49, 52, 61, 63, 101]. Mortality over 
time was reported in five studies [49, 52, 61, 63, 101], 
and the findings from these studies are summarized in 
Table  5. Survival measured from birth was reported in 
three studies [49, 61, 63], and survival measured from 

the onset of first symptoms was reported in three stud-
ies, of which two reported on mortality by clinical sub-
type [49, 52, 63]. Fumagalli et  al. reported the 10-year 
survival rates from symptom onset for late-infantile MLD 
(40%) and early-juvenile MLD (80%), and found that sur-
vival rates were lower in patients with late-infantile MLD 
than in patients with juvenile MLD [49]. Van Rappard 

Optic atrophy
(4 studies)

Difficulties with
swallowing
(4 studies)

Incontinence
(6 studies)

Hypertonia
or hypotonia
(3 studies)Neuropathy

(14 studies)

Gallbladder
abnormalities

(6 studies)

Seizures
(11 studies)

Ataxia
(6 studies)

Epilepsy
(5 studies)

Fig. 2 MLD comorbidities and complications reported in three or more studies. Comorbidities and complications related to MLD were reported 
in 35 studies. MLD: metachromatic leukodystrophy
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et  al. reported that 8/22 untreated patients (36%) died 
22–72  months after diagnosis [101]. Mahmood et  al. 
found that, since 1921, the 10-year survival rates from 
symptom onset were 0%, 44.3%, and 69.6% for late-infan-
tile, juvenile, and adult MLD, respectively. Further analy-
sis by decades indicated increased survival over time for 
all types of MLD. Specifically, 5-year survival reported 
after 1990 was significantly higher than that reported 
prior to 1970 for all subtypes of MLD (late-infantile: 52% 
vs. 14%; juvenile: 100% vs. 46%; adult: 95% vs. 67%). The 
systematic review described by Mahmood et al. excluded 
studies that only included patients receiving transplants 
[63]. Mortality according to genetic variants was reported 
for a Saudi Arabian cohort through a 5-year time frame. 
In this study, 7/11 children with variants in ARSA had 
died, whereas 10/10 patients with PSAP variants were 
alive [22].

Humanistic evidence
Four studies reported the impact of MLD on patients and 
caregivers, which are later described in detail [77, 81, 85, 
105]. Pang et al. reported data on quality of life (QoL) for 
21 patients with MLD and their caregivers. Caregivers in 
Germany, the UK, and the USA were asked to complete 
a Pediatric Quality of Life Inventory and an EuroQoL 
5-dimension (EQ-5D) questionnaire. Most caregivers 
(71%) self-reported problems with anxiety/depression, 
and the mean EQ-5D index values were lower than those 
for the population norms for each of the three respective 
countries [77].

Ammann-Schnell et al. asked the parents and families 
of children with MLD (8 late-infantile and 21 juvenile-
onset) about the impact of MLD on their QoL and gen-
eral family functioning. All reported significantly lower 
health-related QoL (HRQoL) than the parents and fami-
lies of unaffected children (P < 0.001), with mothers being 
more significantly affected than fathers (P < 0.05). Par-
ents of children with late-infantile MLD reported worse 
HRQoL and family functioning than parents of children 
with the juvenile form of MLD, and scores worsened with 
increasing time from diagnosis and as children reached 
an advanced, terminal disease stage [85].

Eichler et  al. conducted caregiver interviews to iden-
tify the specific clinical and QoL outcomes relevant for 
both patients with MLD and their caregivers. Caregiv-
ers reported that the most troublesome symptoms for 
them were immobility (9/30 caregivers) and respiratory 
difficulties (6/30), across all MLD subtypes (late-infan-
tile, juvenile, and adult); however, patients reported that 
the most troublesome symptom for them was difficulty 
with communication (6/30), according to their caregiv-
ers. Caregivers reported considerable emotional burden, 
most commonly caused by the need to be confined to 

the home to provide care (16/30), relationship difficulties 
with spouses (6/30), feelings of fear (11/30), and depres-
sion or worry (8/30 each). Patients most commonly 
reported loss of autonomy (13/30) and their limited rela-
tionships with peers (9/30) as the most emotionally trou-
blesome effects of their condition [81].

Pang et  al. (2021) reported health state utility values 
for patients with infantile and juvenile MLD in the UK, 
developed through literature review and interviews with 
clinicians (n = 6) and caregivers (n = 21). Health states 
were defined by GMFC-MLD levels 0–6 and by Develop-
ment Quotient scores for three cognitive functioning lev-
els (normal/mild, moderate, and severe) for patients with 
juvenile MLD; late-infantile health states were defined 
by GMFC-MLD only. Clinicians reported that, from 
GMFC-MLD level ≥ 2, patients experienced significant 
symptoms, with significant overlap between levels, from 
level 2 to level 6. Reported symptoms included problems 
with swallowing, muscle spasms, digestive issues, sei-
zures, and sleep. Health states were valued by 101 mem-
bers of the UK general public via visual analog scale and 
time trade-off (TTO) assessment, including the lead-time 
method. Lead-time TTO is a method whereby individu-
als express their preferences for different health states 
by hypothetically trading between QoL and quantity of 
life, without having to consider whether these states are 
better or worse than being dead [106]. For late-infantile 
MLD health states, mean TTO values ranged from 0.71 
for GMFC-MLD level 1 to − 0.47 for GMFC-MLD 

level 6. Utility values were lower for juvenile health 
states than for late-infantile health states and wors-
ened with cognitive status: in the normal/mild cognitive 
group, mean utility values ranged from 0.90 for GMFC-
MLD level 1 to − 0.07 for GMFC-MLD level 4; in the 
moderate cognitive group, mean scores ranged from 0.85 
for GMFC-MLD level 0 to − 0.62 for GMFC-MLD level 6; 
and in the severe group, mean scores ranged from 0.37 
for GMFC-MLD level 0 to − 0.70 for GMFC-MLD level 5 
[105].

Economic evidence
Two studies reported resource use for untreated patients 
with MLD [81, 82]. One study reported healthcare 
resource use post-MLD diagnosis for 24 patients with 
MLD (12 late-infantile and 12 juvenile) in the UK. 

Overall, these patients had a mean of 3.7 (standard 
deviation [SD]  7.2) outpatient hospital attendances per 
patient-year (4.0 [SD  9.9] for patients with late-infan-
tile MLD; 3.4 [SD  3.1] for patients with juvenile MLD). 
Mean elective inpatient admissions per patient-year were 
2.6 (SD 8.8) for patients with late-infantile MLD and 0.1 
(SD 0.2) for patients with juvenile MLD (1.4 [SD 6.2] per 
patient-year overall). Overall, patients with MLD had a 



Page 21 of 26Chang et al. European Journal of Medical Research          (2024) 29:181  

mean of 0.05 (SD 0.10) day case admissions per patient-
year [82]. In another study of patients from Colombia, 
France, Germany, and the USA, 12/22 caregivers inter-
viewed reported that their respective patients required 
an average of 1–3 visits to primary care practitioners 
per month, and nine reported an average of 1–3 special-
ist visits per month. Eight patients had required at least 
11 hospitalizations since diagnosis; however, given that 

the two studies used different measures of economic 
impacts, these results cannot be directly compared [81].

Discussion
This SLR offers a comprehensive and robust analysis of 
topics related to the natural history and burden of ill-
ness of MLD, having been designed and conducted using 
methodology in accordance with the 2020 PRISMA 

Table 5 Mortality over time and overall survival in untreated children with MLD

No studies were identified reporting mortality data for untreated adult patients with MLD

CI: confidence interval; HR: hazard ratio; MLD: metachromatic leukodystrophy; N/A: not applicable; NR: not reported; OS: overall survival
a The insertion of a percutaneous gastrostomy tube was not associated with prolonged survival in patients with late-infantile MLD (HR 0.78 [95% CI: 0.33–1.83]; 
P = 0.572)
b Median (range) age at disease onset was 6.5 (2.7–16.0) years
c The systematic review described in Mahmood et al. 2010 excluded studies that were limited to patients receiving transplants
d Subtypes NR; all were < 16 years of age
e Approximate values read from graphs in publication
f Subtypes NR

Author(s), year,
country

Late‑infantile MLD Juvenile MLD

OS for late‑infantile MLD, 
years

Survival rates for
late‑infantile MLD

OS for juvenile MLD, years Survival rates for
juvenile MLD

Fumagalli et al. 2021 [49]
Italy

Median OS (time from symp‑
tom onset)
• Overall (n = 22): 8.42a

• Ambulant (n = 13): 9.17
• Non‑ambulant (n = 9): 8.42 
(P = 0.9424 vs. ambulant)
• Median OS (from birth):
• Ambulant (n = 13): 10.17
 • Non‑ambulant (n = 9): 9.42 
(P = 0.5768 vs. ambulant)

• 5 years from symptom 
onset: 56%
 • 10 years from symptom 
onset: 40%

Median OS (time from symp‑
tom onset)
• Early‑juvenile (n = 14): 
not reached
 • Early‑juvenile subgroup 
with motor symptoms 
at onset (n = 9): not reached
• Early‑juvenile subgroup 
with only cognitive 
symptoms at onset (n = 5): 
not reached
• Late‑juvenile (n = 5): 
not reached

Early‑juvenile (n = 14)
• 5 years: 90%
•10 years: 80%
•15 years: 68.6%
 Early‑juvenile subgroup 
with motor symptoms 
at onset (n = 9)
•15 years: 68.6%
Early‑juvenile subgroup 
with only cognitive symptoms 
at onset (n = 5)
• 15 years: 66.7%
Late‑juvenile (n = 5)
• 5 years: 100%
• 10 years: 100%
•15 years: 100%

Groeschel et al. 2016 [52]
Germany

N/A N/A Untreated
  •Median age at follow‑up: 
15.8 years (range: 3.9–
47.1 years)

Untreated
•  5 years from disease onset:b 
100% (41/41)
• 5 years from baseline 
evaluation:b 73% (30/41)

Liaw et al. 2015 [61]
Taiwan

Of 5 patients in total, 3 
patients had follow‑up 
data: 2 died at 7.34 years 
old and 4.75 years old (both 
from respiratory failure) 
and 1 was alive at 8 years 
of age

NR N/A N/A

Mahmood et al. 2010 [63]
USA

NR 5 years from onset of symp‑
toms: 25.1%
10 years from onset of symp‑
toms: 0%c

NR 5 years from onset of symp‑
toms: 70.3%
10 years from onset of symp‑
toms: 44.3%c

Author(s), year,
country

Studies not reporting by subtype of MLD

OS for MLD, years Survival rates for MLD, years

van Rappard et al. 2016 [101]
Netherlands

8 untreated patients (36%) died 22–72 months 
after  diagnosisd

At latest assessment
Untreated (n = 22): 63.6% at ~ 70  monthse since  diagnosisf
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guidelines. To our knowledge, it is the first SLR to pro-
vide a broad overview of these areas, complementing a 
previous SLR that summarized mortality data in stud-
ies of MLD from 1920 to June 30, 2006 [63]. The data 
reported show that the disease course varies widely 
between patients with MLD and that patients exhibit a 
wide range of signs, symptoms, comorbidities, and com-
plications. These data also provide an important compar-
ator dataset for outcomes when evaluating the effects of 
new disease-modifying therapies for MLD.

The wide variation in age at diagnosis and time to diag-
nosis reported in this SLR is likely to be due to differences 
in diagnostic methods over time and between countries; 
it also highlights the unmet need for early diagnosis of 
patients with MLD. Increased disease awareness and 
more frequent and widespread diagnosis of presympto-
matic patients through newborn screening would help to 
reduce the wide variation in age at diagnosis and time to 
diagnosis for this disease. Crucially, newborn screening 
for MLD has been shown to be possible in a real-world 
scenario and to have a high degree of support among car-
egivers of patients with MLD, although a number of chal-
lenges to its implementation remain [107–111]. Various 
prospective screening pilots are ongoing, and between 
October 2021 and August 2022, a program in Germany 
screened ~ 50,000 babies and identified four ARSA het-
erozygotes, one of whom was MLD positive [112]. 
Improved availability of newborn screening would also 
help to increase the proportion of patients who are eligi-
ble for gene therapy [113–115].

Patients with MLD experience a high disease burden 
that increases as the disease progresses, with commonly 
reported comorbidities and complications including sei-
zures, ataxia, and optic atrophy. Although patients with 
MLD typically die prematurely, data from a previous 
SLR suggest that survival has improved over time for all 
clinical subtypes of MLD [63]. Currently, little evidence is 
available on time to loss of motor function, although this 
may be a more useful measure than mortality for under-
standing disease progression and its subsequent impact 
on QoL.

Typically, patients with late-infantile MLD have ear-
lier onset, a more rapid decline of motor function over 
time, higher GMFC-MLD levels, and lower survival than 
patients with juvenile MLD. Patients with late-infantile 
MLD typically present predominantly with motor func-
tion symptoms and delays in reaching developmental 
milestones, whereas patients with juvenile MLD usually 
present with motor, cognitive, and behavioral symptoms. 
In the initial presentation of the late-juvenile and adult 
subtypes, cognitive symptoms predominate. These find-
ings are generally consistent with the clinical presenta-
tion of patients with different MLD subtypes in a recent 

study [116]. However, in this study only a small propor-
tion of patients with late-juvenile MLD (1/12, 8%) had 
a cognitive-only phenotype, suggesting that the clini-
cal phenotype of patients with late-juvenile MLD varies 
widely [116]. In a study of descriptions given by caregiv-
ers of children with MLD (20 late-infantile, 11 juvenile, 1 
borderline late-infantile/juvenile), coordination difficul-
ties, clonus/tremors, and comprehension challenges were 
identified as the most common initial signs and symp-
toms of MLD, supporting their frequent documentation 
in this SLR [117]. The wide variation in signs, symptoms, 
and disease progression among patients with MLD, 
combined with the need for early diagnosis to facilitate 
prompt treatment initiation, mean that there is a need to 
be able to predict clinical subtype and disease progres-
sion, which some studies have begun to investigate [118, 
119]. For example, data from a recent study suggest that 
early developmental delay can precede neurologic regres-
sion in patients with late-infantile MLD [120].

Available evidence shows that MLD has a clear impact 
on the QoL of patients and families, with patients being 
particularly affected by loss of autonomy and limited 
relationships with peers, and that caregivers were found 
to report high levels of anxiety and depression [77, 81]. 
Supporting this, in a recent study of caregivers of patients 
with late-infantile MLD, most felt that delaying the 
decline in gross motor function would have a meaning-
ful impact on patients [121]. Overall, these findings high-
light the need for psychological support for patients with 
MLD and their families.

Key knowledge gaps include data on mortality by clini-
cal subtype, humanistic and economic outcomes, and 
differences between the early- and late-juvenile MLD 
subtypes. Since this SLR was conducted, an additional 
study on the impact of MLD on caregivers has been pub-
lished [122]. In this study, the EQ-5D questionnaire was 
administered to caregivers of patients with MLD in Bel-
gium, France, Germany, Norway, and the USA. In line 
with the findings from Pang et  al. [77], caregivers had 
EQ-5D values below national population norms and 
reported high levels of anxiety/depression. Differences 
between caregivers of patients with late-infantile MLD 
compared with those of patients with juvenile MLD were 
also observed; the former group was more likely to report 
a negative impact on familial relationships, and the latter 
group reported more lifestyle changes and dissatisfaction 
with their personal lives [122].

In addition to the knowledge gaps described earlier, 
there were also insufficient epidemiological data to com-
pare incidence and prevalence by country or region, in 
part owing to varying methodology and study periods 
between publications. Data on disease course, such as 
reports of signs and symptoms, were mainly qualitative, 
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limiting the collation of data across studies. Improved 
reporting of quantitative data on signs and symptoms, 
such as measurements of ASA activity or biomarker 
levels, could help to facilitate predictions of the disease 
course and inform treatment decisions [118, 119].

The studies included in this SLR covered a broad geo-
graphical evidence base, and a substantial number of 
studies reported detailed baseline characteristics and 
outcomes separately for the different clinical subtypes 
of MLD. Quality assessment was performed using the 
ROBINS-I tool for non-randomized interventional clini-
cal studies and informally for non-interventional studies. 
Limitations include those common among SLRs, such as 
the possibility that some relevant studies may not have 
been detected by the searches if they did not mention any 
terms of interest in their titles or abstracts; this limitation 
results from balancing the need to compromise between 
identifying all relevant evidence and limiting searches 
so that the scope of the review remains focused and 
manageable. Another limitation was that data in figures 
without detailed labeling could not be extracted in full, 
meaning that, for these, only trends could be determined.

MLD is a devastating disease that shortens life and 
reduces QoL, especially as the disease progresses. Fur-
ther studies on clinical, humanistic, and economic out-
comes, particularly by clinical subtype, will help to 
inform healthcare decisions for patients with MLD.
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