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CLINICAL SCALES, CRITERIA AND TOOLS

The Newcastle Pediatric Mitochondrial 
Disease Scale: translation and cultural 
adaptation for use in Brazil
Escala Pediátrica de Doença Mitocondrial de Newcastle: tradução e adaptação cultural 
para uso no Brasil
Gabriela Palhares Campolina-Sampaio1, Laura Maria de Lima Belizário Facury Lasmar2, Beatriz Silva Vilela 
Ribeiro3, Juliana Gurgel-Giannetti2

Mitochondrial diseases are characterized by defects in 
respiratory chain function due to mutations in mitochon-
drial or nuclear DNA. Consequently, the pattern of inheri-
tance can be Mendelian (autosomal recessive, autosomal 
dominant, or X-linked) or strictly maternal1,2,3,4,5. Mutations 
in nuclear DNA are seen in the majority (80%) of pediatric 
patients with mitochondrial diseases, which is not the case 
among their adult counterparts1,2,3,4,5.

Because mitochondria are present in all human tis-
sue types, mitochondrial diseases are multisystemic in 

character. Among the most frequently affected organs are 
the nervous system (central and peripheral), musculoskele-
tal system, heart, kidneys, and liver6,7,8. In pediatric patients, 
the phenotypes are more severe and are usually multisys-
temic (often involving the central nervous system), only 
rarely presenting as isolated myopathy9. 

The incidence of mitochondrial disease is estimat-
ed to be at least 1/3500-5000 in a population. Therefore, 
in addition to their phenotypic/genetic heterogeneity and 
multisystemic character, mitochondrial diseases can be 
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ABSTRACT
Objective: The aim of this study was to translate and adapt the Newcastle Paediatric Mitochondrial Disease Scale (NPMDS) to Portuguese 
for use in Brazil. Methods: The scale was applied in 20 pediatric patients with mitochondrial disease, in three groups: myopathy (n = 4); 
Leigh syndrome (n = 8); and encephalomyopathy (n = 8). Scores were obtained for the various dimensions of the NPMDS, and comparisons 
were drawn between the groups. Results: There was a statistically significant difference between the myopathy group and the Leigh 
syndrome group (p = 0.0085), as well as between the myopathy and encephalomyopathy groups (p = 0.01). Conclusions: The translation 
of the NPMDS, and its adaptation to the socioeconomic and cultural conditions in Brazil, make the NPMDS score useful as an additional 
parameter in the evaluation and monitoring of pediatric patients with MD in Brazil.
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RESUMO
Objetivo: O objetivo do presente estudo foi realizar a tradução e adaptação da escala NPMDS para a população brasileira. Métodos: 
A escala foi aplicada em 20 crianças e adolescentes com doença mitocondrial (DM) divididos em três grupos: miopatia (n=4), síndrome de 
Leigh (n=8) e encefalomiopatia (n=8). Obteve-se os escores separados das dimensões da escala NPMDS, foram realizadas comparações 
entre os escores da NPMDS nos diferentes grupos. Conclusão: A tradução da escala NPMDS e sua adequação as condições 
socioeconômicas e culturais de nossa população tornam este instrumento um parâmetro adicional na avaliação e acompanhamento de 
pacientes pediátricos com DM.

Palavras-chave: doença de Newcastle; doenças mitocondriais; miopatias mitocondriais; encefalomiopatias mitocondriais; doença 
de Leigh.
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considered to have a high incidence, with high rates of mor-
bidity and mortality1,2. The recognition of these diseases is 
of great importance because it allows clinicians to predict 
potential complications, as well as to define the treatment 
and prognosis of the affected patients.

Because mitochondrial diseases present with great 
variability in their clinical course, it is of outmost im-
portance to understand and monitor their progression 
so that clinicians can guide and direct the patient, with 
the aim of optimizing care and preserving or improving 
quality of life. There is a real need for a reliable tool that 
will allow better monitoring of patients. To date, only one 
scale has been developed for the clinical follow-up and 
quality-of-life assessment of children and adolescents 
with mitochondrial disorders: the Newcastle Paediatric 
Mitochondrial Disease Scale (NPMDS)10, which was de-
veloped and validated in 2006 by the Mitochondrial 
Research Group of Newcastle University, in Newcastle 
upon Tyne, UK, considered to be an international refer-
ral center for the study of mitochondrial diseases. 

In Brazil, there are, as yet, no clinical evaluation scales 
that have been validated for use in monitoring patients with 
mitochondrial diseases. Therefore, the aim of this study was 
to validate the NPMDS for use in Brazil and apply it in a 
sample of the Brazilian population. It is a reliable instru-
ment with good reproducibility, where variation can be 
tracked over the course of the disease providing important 
information on the clinical course and quality of life of pa-
tients, resulting in a better approach to the treatment of 
these patients.

METHODS

Study site
This was a cross-sectional study conducted at the out-

patient clinic for neurogenetic diseases of the Universidade 
Federal de Minas Gerais Hospital das Clínicas. The Clinic is a 
referral center for mitochondrial disease in the state of Minas 
Gerais and is staffed by a multidisciplinary team.

Study criteria
Participants were recruited from among the patients 

enrolled at the outpatient clinic. The inclusion criteria 
were: being ≤ 18 years of age and having been diagnosed 
with mitochondrial disease by a pediatric neurologist, 
through muscle biopsy (with histochemical or molecu-
lar studies) and neuroradiological imaging (in accor-
dance with the criteria set forth by the North American 
Mitochondrial Disease Consortium–unpublished data) 
and by Bernier et al.11  and by Morava et al.12. We selected 
20 patients who met the criteria for inclusion: four with 
myopathy; eight with Leigh syndrome; and eight with 
encephalomyopathy.

The NPMDS
The NPMDS is subdivided by patient age (0–24 months, 

2–11 years, and 12–18 years) and comprises four domains: 
Section I: Current Function (evaluates communication, 
feeding, vision, hearing, self-care, mobility, and level of edu-
cation); Section II: System Specific Involvement (evaluates 
neurological, endocrinological, gastrointestinal, respira-
tory, cardiovascular, renal, hepatic, and hematological 
manifestations); Section III: Current Clinical Assessment 
(evaluates psychomotor development, vision, myopathy, 
ataxia, pyramidal/extrapyramidal system function, and 
neuropathy); and Section IV: Quality of Life (as assessed 
by the patients, when possible, or by their caregivers). The 
NPMDS is scored by section (domain), and the final (total) 
score is the sum of all section scores. The section scores 
vary by age group. For section I, the maximum score is 15 
for the 0–24 months group and 24 for the other two age 
groups (2–11 years and 12–18 years). For section II, the 
maximum score is 27 for the 0–24 months group and 30 
for the other two age groups. For section III, the maximum 
score is 28 for the 0–24 months group and 31 for the other 
two age groups. For section IV, the maximum score is 25, 
regardless of age group. Therefore, the maximum possible 
total NPMDS scores are 95 for subjects under 24 months 
of age and 107 for those between two and 18 years of age. 
Higher scores indicate worse conditions10.

Procedures

Translation and adaptation of the NPMDS
The original version of the NPMDS was kindly provided 

by Drs. Robert McFarland and Doug Turnbull, of Newcastle 
University, the lead researchers of the Mitochondrial Research 
Group that created and validated the scale. They also gave 
us permission to translate the NPMDS into Portuguese. 
To translate the instrument, we followed the Principles of 
Good Practice established by the International Society for 
Pharmacoeconomics and Outcomes Research Task Force for 
Translation and Cultural Adaptation13, step by step: prepa-
ration, forward translation, reconciliation, back translation, 
revision of the back translation, harmonization, pilot testing, 
review of the results of the pilot study, editing for spelling and 
syntax, and final reporting.

Two separate forward translations ( from English to 
Portuguese) of the NPMDS were created, one by each of two 
Brazilian researchers (one physical therapist and one pediat-
ric neurologist), working independently. A third Brazilian re-
searcher subsequently created a single translation based on 
those first two versions. We commissioned American Journal 
Experts to do the back translation, which was then sent to 
Drs. McFarland and Turnbull, who checked it and suggest-
ed minor alterations. Those alterations were applied to the 
Portuguese-language version of the scale, which was then ad-
ministered to the selected patients.
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Statistical analysis
We evaluated a non-probabilistic sample of 20 patients 

who met the inclusion criteria. The data collected were trans-
ferred to a database and processed. To compare means, me-
dians and frequencies, we used Student’s t-tests, chi-square 
tests, or Mann-Whitney tests, as indicated. To analyze corre-
lations among the NPMDS section scores, we used Pearson’s 
or Spearman’s correlation coefficient, or both, depending on 
the distribution of the data. The level of statistical signifi-
cance was set at p < 0.05.

Ethical aspects
The study was approved by the Research Ethics Committee 

of the Universidade Federal de Minas Gerais. All patients or 
their legal guardians gave written informed consent.

RESULTS

The distribution of the patients in the sample by di-
agnosis was four patients with mitochondrial myopathy, 
eight with Leigh syndrome and eight with encephalomy-
opathy. The mean age of the patients was 11.6 ± 4.7 years 
(range, 3–18 years). Of the 20 patients evaluated, 12 (60%) 
were female. 

Table 1 shows the mean NPMDS scores (domain scores 
and total scores) for the sample as a whole. Table 2 depicts 

the correlation between the mean total NPMDS score and 
the mean score for the NPMDS Quality of Life domain. 
A comparative analysis of the different diagnoses (myopathy, 
Leigh syndrome, and encephalomyopathy), by NPMDS score, 
is shown in Table 3. In terms of the median total NPMDS score, 
there was a statistically significant difference between the 
myopathy group and the Leigh syndrome group (p = 0.0085), 
as well as between the myopathy and encephalomyopathy 
groups (p = 0.01). The difference between the Leigh syndrome 
group and the encephalomyopathy group was not statistically 
significant (p = 0.63).

Table 4 shows the comparison of the myopathy, Leigh 
syndrome, and encephalomyopathy groups, in terms of qual-
ity of life. We found no significant difference among the three 
groups in relation to the median score for the NPMDS Quality 
of Life domain.

DISCUSSION

The NPMDS was created and validated to follow the nat-
ural history of mitochondrial disease, in order to have an in-
strument that can measure the progression of the disease in 
a given patient over time. The scale has been shown to have 
high inter-examiner reliability10. In the present study, the 
sample size was identical to that evaluated in the original 

Table 1. Newcastle Pediatric Mitochondrial Disease Scale 
scores among pediatric patients (n = 20).

NPMDS score Mean ± SD Median (range)

Section I (Current function) 9.4 ± 5.7 9.5 (1.0–21.0)

Section II (System specific 
involvement) 3.8 ± 4.1 2.0 (0.0–13.0)

Section III (Current clinical 
assessment)* 13.6 ± 6.4 12.0 (4.0–25.0)

Section IV (Quality of life) 10.9 ± 4.4 10.0 (3.9–19.6)

Total 36.8 ± 14.9 35.9 (9.9–64.9)

NPMDS: Newcastle paediatric mitochondrial disease scale; SD: standard 
deviation; Section I: Current Function domain; Section II: System Specific 
Involvement domain; Section III: Current Clinical Assessment domain; 
Section IV: Quality of Life domain. *One patient was excluded.

Table 2. Correlation between the mean total Newcastle 
Paediatric Mitochondrial Disease Scale score and the mean 
score for its Quality of Life domain, in a sample of pediatric 
patients (n = 20). 

Variable r** p**

NPMDS Quality of Life* domain score 0.197 0.4

NPMDS: Newcastle paediatric mitochondrial disease scale. *Assessed by the 
patients, when possible, or by their caregivers. **Versus the total NPMDS score.

Table 3. Comparative analysis of the three different diagnoses, 
by total Newcastle Paediatric Mitochondrial Disease Scale 
score, in pediatric patients (n = 20).

Disease form
Total NPMDS score

p
Median (range)

Myopathy 15.4 (9.0–25.0) 0.0085*

Leigh syndrome 40.8 (31.5–64.9) 0.01**

Encephalomyopathy 37.1 (22.5–54.6) 0.63***

NPMDS: Newcastle paediatric mitochondrial disease scale. *Versus Leigh 
syndrome. **Versus myopathy and encephalomyopathy. ***Versus Leigh syndrome.

Table 4. Comparative analysis of the three different 
diagnoses, by score on the Quality of Life domain of 
the Newcastle Paediatric Mitochondrial Disease Scale, 
in pediatric patients (n = 20).

Disease form
NPMDS QoL score

P
Median (range)

Myopathy 5.9 (3.9–12.4) 0.05*

Leigh syndrome 11.4 (7.5–17.0) 0.83**

Encephalomyopathy 11.1 (5.4–19.6) 1.11***

NPMDS: Newcastle paediatric mitochondrial disease scale; QoL: Quality of life 
(domain). *Versus Leigh syndrome. **Versus myopathy and encephalomyopathy. 
***Versus Leigh syndrome.
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NPMDS validation study10. As in that original study, our sam-
ple included no patients under two years of age. One possible 
explanation for this is that mitochondrial diseases are diffi-
cult to diagnose, as well as being more severe, in neonates 
and infants.

In our sample as a whole, the mean score for NPMDS 
section II (the System Specific Involvement domain) was 
lower than were those for section I (the Current Function 
domain) and section III (the Current Clinical Assessment 
domain), the last two being comparable with each other 
as well as being similar to the mean score for section IV 
(the Quality of Life domain). The low score for section 
II can be explained by the high number of patients with 
Leigh syndrome or encephalomyopathy who typically 
present with greater neurologic involvement and less in-
volvement of other systems. The similarity between the 
section III and section I scores also reflects the neuro-
logical impairment and resulting functional impairment, 
respectively, observed in patients with Leigh syndrome 
or encephalomyopathy.

Considering the different forms of mitochondrial dis-
ease evaluated in this study, we looked for correlations be-
tween the total NPMDS score and the form of mitochon-
drial disease. The patients with myopathy had the best 
scores (i.e., a milder clinical presentation); the difference 
between the myopathy group and the Leigh syndrome 
group being statistically significant, as was that between 
the myopathy group and the encephalomyopathy group. 
However, there was no statistically significant difference 
between the Leigh syndrome and encephalomyopathy 
groups, which was expected as both forms are associated 
with a more severe clinical presentation, especially with 
regard to neurological impairment.

Using the Newcastle Mitochondrial Disease Adult 
Scale (NMDAS), Grady et al.14 evaluated 87 adult patients 
with single, large-scale mitochondrial DNA deletions. 
Those authors found that COX-deficient fiber density and 
age at symptom onset correlated with disease progression. 
They strongly recommended the use of the NMDAS in the 
evaluation of patients with mitochondrial disease. In ad-
dition to the periodic monitoring of the clinical status of 
patients, the NMDAS has also been used in studies evalu-
ating treatments in adult patients with various forms of 
mitochondrial disease15,16,17.

The NMDAS and NPMDS both not only allow the clini-
cal status of mitochondrial disease patients to be evalu-
ated over time but also facilitate the assessment of the 
patients’ quality of life. Orsucci et al.18 evaluated the re-
lationship between quality of life and disease progression 
in adult patients with mitochondrial myopathy. The au-
thors applied the NMDAS, the Medical Outcomes Study 
36-item Short-Form Health Survey (SF-36), and the manu-
al muscle test of the Medical Research Council Scale. They 
demonstrated that the SF-36 score presented an inverse 

correlation with the NMDAS score, greater mitochondri-
al disease severity (higher NMDAS scores) translating to 
poorer quality of life (lower SF-36 scores). The importance 
of evaluating the quality of life in adult patients with mi-
tochondrial disease led to the creation and validation of a 
scale specific for such patients, which has been shown to 
be a valid, consistent tool with good reproducibility19. In a 
systematic review of the impact of mitochondrial disease 
in pediatric patients and its impact on quality of parental 
life, Sofou20 found that the burden of stress, anxiety, and 
depression was higher among parents of children with mi-
tochondrial disorders than among those of children with 
other metabolic disorders, resulting in poorer quality of 
life and social function for the parents and families of the 
children with mitochondrial disorders.

In the present study, we found no statistically signifi-
cant differences among the three forms of mitochondrial 
disease (myopathy, Leigh syndrome, and encephalomyopa-
thy), in terms of quality of life. Our finding that quality of 
life was slightly better among the patients in the myopa-
thy group than among those in the Leigh syndrome and en-
cephalomyopathy groups was expected, because myopathy 
has a milder clinical presentation than do the two other 
forms of mitochondrial disease. However, that compari-
son was clearly impaired by the size of the sample, in which 
there were fewer patients with isolated myopathy than with 
Leigh syndrome or encephalomyopathy, which could have 
influenced the result.

One study evaluated quality of life in the mothers of chil-
dren with mitochondrial disease, in comparison with that de-
termined for the mothers of children with intractable epilep-
sy (without mitochondrial disease)21. The authors observed 
that the women in the former group had a poorer quality of 
life and felt more overloaded, as well as showing higher levels 
of depression and anxiety–especially anxiety related to limi-
tations, vitality, and health.

Our study has certain limitations, mainly related to the 
small size of the patient sample. However, the primary aim of 
the study was to translate and adapt the Portuguese-language 
version of the NPMDS for use in Brazil, and that goal was 
achieved. This translation and adaptation study lays the 
groundwork for the use of this scale in the monitoring and 
objective evaluation of the progression of mitochondrial dis-
eases in our country.

In conclusion, the translation of the NPMDS and its ad-
aptation to the socioeconomic and cultural conditions in 
Brazil, make the NPMDS score useful as an additional pa-
rameter in the evaluation and monitoring of pediatric pa-
tients with mitochondrial diseases. To our knowledge, there 
have been no studies employing such scales in pediatric pa-
tients with mitochondrial disease. The NPMDS could be 
used to evaluate potential treatments for the various forms 
of this disease.
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