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INTRODUC TION

disorder, usually starting around puberty but with variable onset 
[1

FXN

2, 3

ders [4 5

with numerous adverse health outcomes, including delayed puberty 
[5 7

5], which has been ascribed to reduced 

5, 8
9, 10] and may 

conceivably hastening disease progression.

hypothesis that both underweight/weight loss and obesity/weight 
gain, compared with normal weight/stable weight, are linked to ac
celerated disease progression.

monitoring nutritional status in clinical practice.

METHODS

Standard protocol approvals, registrations and patient 
consents

observational studies [11

Participants and anthropometric assessments

3, 12, 
13

= 2

[14

15]. 

stature <3rd percentile, underweight/short stature 3–10th percentile, 
normal 10–90th percentile, overweight/tall stature 90–97th percentile 
and obese/very tall stature >97th percentile. Given that a proportion 

>

Conclusion: 

children and promote healthy weight in adults.
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Height correction for scoliosis

Scoliosis was categorized into absent, mild, moderate or severe 
according to clinical judgement [1

the curve. Patients with mild, moderate and severe scoliosis were 
]. 

17]. Sensitivity analyses were applied where 

Statistical analysis

was determined using univariate and multivariable linear regression. 

chronic disease in previous literature [18]. To address the positively 

19

and class size [20

p

8.4 and R version 4.3.1.

RESULTS

Baseline characteristics

Table 1

Figure 1

<

<

Figure 2

Table 2

Table S1a,b

Table 2
Table S1a,b

ciated with height in children in univariate or multivariable analyses 
Tables S2 and S3

Availability of follow- up data for BMI
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Rate of change in BMI, BMI percentile and height 
percentile over time

2 per year 
± p < Figure 3
using visit rather than age and an analysis omitting the scoliosis 

2
±

p < Figure 3

2 per 
year ± p < Figure S1

Figure S2

±

p= Figure S3

19].

±

p =

Figure 4
later in boys than in girls.

±

2.3]; p = ±

p =

Sensitivity analyses in children omitting scoliosis correction 

± p=

± p=

Trajectories of BMI evolution

TA B L E  1
children and adults at baseline.

Characteristics
Overall 
N=

a
Children 
N=

a
Adults 
N=

a

onset

shorter allele

Severe 
underweight

Corrected height category

Severe short 
stature

Short stature

Tall

Very tall

Scoliosis

Cardiac 
hypertrophy

Spasticity

Gastrointestinal 
symptoms

0

1

2

3

4

Note
underweight <
overweight 25–29.9, obesity >30. Height categories in adults are based 

<3rd percentile, underweight/short stature <3–10th percentile, normal 
10–90th percentile, overweight/tall stature 90–97th percentile and 
obese/very tall stature >97th percentile.

a n

 1
4

6
8

1
3

3
1

, 2
0

2
5

, 1
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

1
/en

e.7
0

0
1

1
 b

y
 D

eu
tsch

es Z
en

tru
m

 F
ü

r N
eu

ro
d
eg

, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [2

0
/0

1
/2

0
2
5
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y

 th
e ap

p
licab

le C
reativ

e C
o

m
m

o
n

s L
icen

se



|ANTHROPOMETRIC ANALYSES IN FRIEDREICH ATAXIA

Table S4
n =

n =

n = n = Figure S4

Table S5

Table 

±

p <

± p <

±

p < ± p <

Figure 5; Table S7

Association of weight category with diabetes and 
cardiomyopathy

± p =

F I G U R E  1
<3rd percentile, underweight <3–10th percentile, normal 10–90th percentile, 

overweight 90–97th percentile and obese >97th percentile. P3, 3rd percentile; P10, 10th percentile; P25, 25th percentile; P50, 50th 
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± p =

Table S7

DISCUSSION

dropped their percentile score over time. Conversely, in adults, 

< <5th 
5 < 21] compared 

22

23]. 

keeping with previous literature [5].

F I G U R E  2
<3rd percentile, short stature 3–10th percentile, normal 10–90th percentile, tall 

stature 90–97th percentile and very tall stature >97th percentile. P3, 3rd percentile; P10, 10th percentile; P25, 25th percentile; P50, 50th 
percentile; P75, 75th percentile; P90, 90th percentile; P97, 97th percentile.
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Characteristic

Children (n= Adults (n=

Beta 95% CI p- value Beta 95% CI p- value

3.8 0.009

0.7 0.08 0.05, 0.12 <0.001

0.08 >0.9 0.03, 0.10 <0.001

standardized
0.4 0.002

0.21 0.7 0.4

0.5 0.7

Scoliosis 0.4 <0.001

0.2 0.03 0.3

Cardiac hypertrophy 0.24 >0.9 0.024

Spasticity 5.9 0.43 0.3

0.5 <0.001

Gastrointestinal symptoms 2.7, 110 0.04 2.5 1.5, 3.5 <0.001

0.038

>0.9

1.1 0.11

Note

TA B L E  2

baseline.

F I G U R E  3
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19

cient nutrient utilization and diminished appetite [
diet alterations were observed in children with mitochondriopa
thies [24

] and 

27]. Recent 

driopathies [28] and should be considered in children with Friedreich 

5
29

18], Huntington disease [30] and amyo
trophic lateral sclerosis [31], where weight decline is common and 

18, 30, 31]. We also did 

reduction in physical activity, although this may represent a con

FXN

[32
33]. 

rather than weight gain was noted [7

F I G U R E  4
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tory was not associated with disease progression in adults with 

mellitus [9, 10
34, 35] was 

not supported.

tes or cardiomyopathy, which may be because diabetes and pancre
atic β

[10

] and the gradual 

ture research.

height correction in patients with scoliosis, a common comorbidity 
[37

to the challenges in obtaining weight measurements in this patient 

at baseline when data completeness was high. Whilst underweight 
and, to a lesser degree, overweight at baseline was associated with 

F I G U R E  5

with random intercept and random 

< n =

n =

> n =
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scoliosis correction yielded similar results.

CONCLUSION

children versus overweight and weight gain in adults with Friedreich 

and disease progression although underweight and, to a lesser 

training is paramount. Early interventions to address underweight 
in children and promote healthy weight management in adults are 
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