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abstract

BACKGROUND: Little is known regarding the neuropsychological profiles of pediatric patients with mitochondrial
diseases or their parents, information that is crucial for improving the quality of life (QOL) for both patients and
parents. We aimed to delineate neurodevelopment and psychological comorbidity in children with mitochondrial
diseases in the preliminary investigation of adequate intervention methods, better prognoses, and improved QOL for
both patients and parents. METHODS: Seventy children diagnosed with mitochondrial diseases were neuro-
psychologically evaluated. Neurocognitive (development, intelligence) and psychological (behavior, daily living
function, maternal depression, parenting stress) functions were analyzed. Clinical variables, including the first
symptom, epileptic classification, organ involvement, lactic acidosis, brain magnetic resonance imaging findings,
muscle pathology, biochemical enzyme assay results, and syndromic diagnosis of mitochondrial diseases, were also
reviewed. RESULTS: Prediagnostic assessments indicated that cognitive and psychomotor developments were
significantly delayed. Group mean full scale intelligence quotient (IQ) scores indicated mild levels of intellectual
disability, borderline levels of verbal IQ impairment, and mild levels of intellectual disability on performance IQ.
Many children exhibited clinically significant levels of behavioral problems, whereas mothers of children with
mitochondrial diseases exhibited significant increases in parenting stress relative to mothers of healthy children.
Furthermore, 65% of mothers exhibited significant levels of depression. Early onset of the first symptoms, diffuse
brain atrophy, and drug-resistant epilepsy negatively influenced neurodevelopmental and adaptive functions.
CONCLUSION: Better understanding of the functional levels and profiles of neurodevelopment and psychological
comorbidity in children with mitochondrial diseases in the prediagnostic period is essential for adequate support
and QOL of children with mitochondrial diseases and their parents.
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Introduction

Mitochondrial disease is a complex and heterogeneous
multisystem disorder caused by abnormal intracellular

adenosine triphosphate production in the mitochondrial res-
piratory chain,1 affecting the structure and function of the
brain and muscles.1,2 Mitochondrial disease is the most com-
mon metabolic disorder and leads to severe disabilities in

Disclosure of Conflicts of Interest: None of the authors has any conflict of interest
to disclose. We confirm that we have read the journal’s position on issues involved in
ethical publication and affirm that this report is consistent with those guidelines.

Ethical approval: All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the institutional and/or na-
tional research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Informed consent: Informed consent was obtained from all individual partici-
pants included in the study.

Disclosure of funding: This research was supported by a faculty research grant
from Yonsei University College of Medicine for 2010 (6-2010-0172) and by the Basic
Science Research Program through the National Research Foundation of Korea (NRF)

funded by the Ministry of Science, ICT and Future Planning (2014-31-0662 and
NRF-2016R1A2B4011052). The funding sources had no input in the study design;
collection, analysis, and interpretation of data; writing of the report; or decision to
submit the article for publication.
Article History:
Received October 11, 2016; Accepted in final form January 18, 2017
* Communications should be addressed to: Dr. Lee; Department of

Pediatrics; Gangnam Severance Hospital; Yonsei University College of
Medicine; 211 Eonju-ro; Gangnam-gu; Seoul, Korea.

E-mail address: ymleemd@yuhs.ac

Contents lists available at ScienceDirect

Pediatric Neurology

journal homepage: www.elsevier .com/locate/pnu

0887-8994/$ e see front matter � 2017 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.pediatrneurol.2017.01.019

Pediatric Neurology 71 (2017) 43e49

Delta:1_given name
Delta:1_surname
mailto:ymleemd@yuhs.ac
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pediatrneurol.2017.01.019&domain=pdf
www.sciencedirect.com/science/journal/08878994
http://www.elsevier.com/locate/pnu
http://dx.doi.org/10.1016/j.pediatrneurol.2017.01.019
http://dx.doi.org/10.1016/j.pediatrneurol.2017.01.019
http://dx.doi.org/10.1016/j.pediatrneurol.2017.01.019


most pediatric patients, significantly affecting patient quality
of life (QOL).3 In contrast to the extensive research done on the
morphologic and metabolic aspects of the central nervous
system affected by mitochondrial diseases, comparatively lit-
tle is known regarding the neuropsychological effects of the
disorder.4,5 In particular, neurodevelopmental effects of
mitochondrial diseases in pediatric patients have not been
established. The incidence of cognitive dysfunction in patients
with mitochondrial myopathies and encephalomyopathies
has been higher than that predicted by routine clinical
assessment.6 Cognitive impairment appears to be particularly
common in patients with mitochondrial encephalopathy,
lactic acidosis, and stroke-like episodes (MELAS),7 especially
in affected adults. Moreover, the burden of parenting a child
with a metabolic disease is expressed in a remarkably lower
health-related QOL compared with that for parents of healthy
children.8 Parents of children with metabolic diseases
reported significant problems in the areas of cognitive func-
tioning, sleep, pain, social functioning, daily activities, sexu-
ality, vitality, and positive and negative emotions.

To plan adequate intervention and support for these
patients and their parents, understanding of their neuro-
psychological profiles is necessary. We attempted to delin-
eate the neurocognitive and psychological profiles of
childrenwithmitochondrial diseases, in terms of behavioral
problems and parenting stress, as well as neuro-
developmental and intellectual decline, which are crucial
for comprehensive care plans to improve QOL.

Methods

Procedures

Pediatric patients were identified from hospital records by both the
presence of a mitochondrial diseases diagnosis and the results of a
neuropsychological evaluation. All patients were diagnosed with mito-
chondrial respiratory chain complex defects through biochemical
enzyme assay of muscle tissues and satisfied the modified mitochondrial
diseases criteria proposed by Bernier et al.9 Some individuals from our
studies10,11 were included in more than one analysis.

Standardized measures of neurocognitive function (development,
intelligence, and daily living function) and psychological function
(behavioral problems, parenting stress, and maternal depression) were
administered (Supplementary Table 1). However, all measures could not
be completed for all patients because of the limited functioning of some
patients. Accordingly, the number of patients who completed each
measure is indicated in each table.

Age-appropriate developmental evaluations or two types of intelli-
gence tests were administered. Disease-related clinical variables were
examined, including age at symptom onset, age at diagnosis, lead time to
diagnosis, type of first symptom, severity of epilepsy, lactic acidosis
severity, diffuse brain atrophy on magnetic resonance imaging (MRI),
classification of myopathies by pathologic features, biochemical enzyme
assay for mitochondrial respiratory chain, and syndromic diagnosis.

Lead time to diagnosis was defined as the time between the first
symptom onset and the diagnosis of mitochondrial diseases. Patients
were divided into three groups based on the severity and intractability of
epilepsy. Drug-responsive epilepsy was defined as an epileptic condition
responsive to antiepileptic treatment; drug-resistant epilepsy was
defined as that requiring more than two antiepileptic drug treatments.
The severity of serum lactic acidosis was defined as follows: mild, �
2-fold increase from normal reference values; moderate, � 3-fold
increase; and severe, � 4-fold increase. The severity of diffuse brain
atrophy on MRI was defined as follows: mild, diffuse atrophic change
only; or severe, diffuse atrophic change with other abnormal MRI find-
ings. Myopathies were classified by the number of simultaneous

pathologies observed by light or electron microscopy: none, one, or two.
Confirmative diagnosis of MELAS or Leigh disease was based on reported
diagnostic criteria.7,12 Patients with nonspecific mitochondrial diseases
showed no classical clinical symptoms, biochemical results, or mito-
chondrial DNA deletions/duplications/point mutations that conformed
to known and established mitochondrial syndromes.

The results of neurodevelopmental and psychological function eval-
uations at prediagnosis in children with mitochondrial diseases were
analyzed and compared according to subgroup. All procedures were
approved by the Institutional Review Board of Gangnam Severance
Hospital, Yonsei University College of Medicine. Informed consent was
obtained from all individual participants included in the study. As pa-
tients were minors, their parents gave informed consent on their behalf.

Neurodevelopmental measures

Prediagnostic assessments of neurodevelopmental and cognitive
functionwere administered to childrenwith mitochondrial diseases. The
neurodevelopmental assessments included Bayley Scales of Infant
Development, second edition (BSID-II)13 Children of adequate age were
administered two types of intelligence tests, the Korean Wechsler Pre-
school and Primary Scale of Intelligence (K-WPPSI)14 and the Korean
Wechsler Intelligence Scale for children, third edition (WISC-
III)15 according to their age. Children’s adaptive function was measured
using the Korean version of the Social Maturity Scale, which is based on
the Vineland Social Maturity Scale, fifth version.

Psychological measures for child behavior and parenting stress

Behavioral problems were assessed by examining parent responses
on the 99-item Korean Child Behavior Check List (K-CBCL) for children
aged 1.5 to 5 years and the 118-item K-CBCL for children and adolescents
aged 6 to 18 years.16

The Korean version of the Parenting Stress Index17 was used to pro-
vide a total stress score and a score for 13 subscales across two broad
domains: stress related to characteristics of the child (Child Domain) and
stress related to characteristics of the parent (Parent Domain). The Beck
Depression Inventory (BDI), a 21-item measure of depression, was used
to evaluate the negative emotions experienced by the mothers.

Data analysis

An analysis of neurocognitive and psychological outcome variables
was performed. Data processing and analysis were performed using
SPSS Version 20.0. Descriptive statistics for sample characteristics
were performed. In addition, bivariate analyses were conducted
using the chi-square (c2) test, correlation analysis, or Mann-Whitney
U test (for nonparametric ordinal data), as appropriate for the data.
All P values are two-tailed, and the level of statistical significance was
set at P < 0.05.

Results

Patient characteristics

Seventy children diagnosed with mitochondrial diseases
who had completed prediagnostic neuropsychological as-
sessments between March 2006 and February 2013 were
included in the present study. Fifty-one (73%) had been
diagnosed with nonspecific mitochondrial diseases, 16
(23%) with Leigh syndrome, and three (4%) with MELAS.

The mean age at the first symptomwas 1.8 years (range:
0-9.9 years, SD: 2.5 years), and 40 children (57%) were male.
The most common first symptomwas seizure (n ¼ 35, 50%),
followed by delayed development (n ¼ 25, 36%). A more
detailed list of clinical characteristics is presented in Table 1.
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