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a b s t r a c t
Objective: To explore the changes in the body weight and height of Menkes disease (MNK) patients treated
with long-term copper–histidine.
Methods: A survey involving a retrospective review of medical records or summaries of MNK patients
was conducted. Patients were 44 males born after 1994, and their feeding method and genetic analysis of
the ATP7A gene were reviewed. We compared the data of body weight and height from birth until 6 years
between classical MNK patients and the general population obtained from national data and between
patients who received early treatment and patients who received late treatment.
Results: Although five patients who received early treatment reached some developmental milestones,
the body weight and height did not differ from patients who received late treatment in the mode of oral
nutrition, and were lower in comparison to the national data (<3 percentile).
Conclusion: We reported changes in the body weight and height of MNK patients who received early and
late treatment. Although early treatment with copper–histidine had favorable effects on neurological
development, it did not result in improvements in body weight and height. We suggest that the establishment of sufficient nutritional support is necessary along with early parenteral copper treatment to
improve whole body condition in MNK patients.
© 2014 Elsevier GmbH. All rights reserved.

Introduction
Menkes disease (MNK) is an X-linked recessive disorder of
copper metabolism, caused by mutations in the ATP7A gene
(OMIM#300011). This gene is located on chromosome Xq13.3
and encodes ATP7A, a copper-transporting ATPase [1–3]. There
are several clinical variants of MNK: classical MNK, mild MNK,
and occipital horn syndrome (OHS) [4,5]. Classical MNK presents
within the first year of life with kinky hair, seizures, neurodegeneration, and failure to thrive. Furthermore, without adequate
treatment, most patients die before the age of 3 years. OHS shows
prominent connective tissue abnormalities, pathognomonic occipital exostoses, and mild intellectual impairment from 3 to 10 years
of age. Mild MNK lies between classical MNK and OHS and shows
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developmental delay, variable connective tissue abnormalities, pili
torti, and cerebellar ataxia, but without seizures or childhood death.
To date, only a few patients with the mild form have been reported
[6]. A few female MNK patients were diagnosed having X chromosome abnormalities [7].
Parenteral copper injection, reported in 1993, is the current
therapy [8]. Its efficacy is dependent on the age of the first administration, the type of gene mutation, and the function of copper
enzymes [9,10]. For example, parenteral copper injection can
increase plasma levels of copper and ceruloplasmin, can change
hair color to natural black, and can improve patients’ muscular tone and seizures. However, the response of abnormalities in
connective tissues caused by lysyl oxidase is very poor. In 1998,
Christodoulou et al. [11] described the long-term clinical course of
four boys who had been treated since early infancy with parenteral
copper–histidine, with a follow-up period over 10–20 years. As a
result of early treatment, the patients had a normal or near normal
intellectual development. The oldest patient was 20 years of age
at the time of the report. He had suffered from persistent chronic
diarrhea since early infancy [11]. However, there are no reports that
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The present research was an observational study. A nationwide retrospective survey of MNK and OHS was conducted, which
involved sending a questionnaire to pediatricians at the end
of 2010. The first survey identified 134 patients diagnosed by
board-certified pediatric neurologists in pediatric departments of
university and government hospitals and departments of pediatrics at facilities for mentally and physically disabled people. For
these 134 patients, a second questionnaire survey was conducted,
which included the following items: status of birth, diagnosis,
treatment with copper–histidine and anticonvulsants, nutritional
intake, change in body weight and height, genetic analysis, and
prenatal diagnosis. Data were obtained from medical records or
summaries. Of the initial 134 patients, we collected data from 62
patients. According to the Medical Practitioners Act of Japan, medical records must be maintained in medical institutions for only
5 years; therefore, some patients’ data were lost. Female patients,
OHS or MNK patients who had onset at over 12 months of age,
one Brazilian patient, repeat cases, patients without description of
growth parameters, and patients born before 1994 when treatment
with copper–histidine was not established in Japan were excluded.
Therefore, the final study population included 44 male patients who
had records of growth parameters and were diagnosed by clinical
examination, laboratory data including catecholamine tests, measurement of copper concentrations in cultured cells, and/or genetic
analysis [12,14–17]. Of the 44 patients, 37 had been diagnosed by
genetic analysis of the ATP7A gene. A mutation in the ATP7A gene
was detected in four of five patients who received early treatment.
All the patients had been referred at least once to the Department of Pediatrics of Teikyo University School of Medicine, Japan,
for counseling, copper–histidine therapy, and biochemical (including catecholamine-associated data) and/or molecular pre- and
postnatal diagnosis of MNK [12,14–17].
In Japan, copper–histidine is prepared using the same protocol described by Sarkar et al. [18]. Approximately 375 mg/dose of
parenterally administered copper–histidine was given three times
a week, and adjusted to maintain serum copper and ceruloplasmin
levels within a normal range; these were monitored regularly.
We divided the MNK patients into two groups: early treatment
and late treatment. Five patients received early treatment and 39
patients received late treatment. The five patients in the early treatment group were diagnosed prenatally and started treatment with
copper–histidine within 1 month of birth (Table 1). Patients in the
late treatment group were diagnosed and started treatment with
copper–histidine more than 1 month after birth (Table 2).

Nutrition

Study population

Table 1
Percentiles of body weight and height at birth and during treatment in MNK patients treated with copper–histidine within the first month of life, after prenatal diagnosis.

Patients and methods

10–25
10–25
3–10
3–10
25–50

record changes in body weight and height in MNK patients treated
with copper–histidine; therefore, changes in these parameters in
such patients remain generally unknown.
The incidence of live-born infants with MNK is 2.8 per million
live births in Japan [12]; thus, 3–4 MNK patients are born in Japan
annually. In Japan, all residents are covered by at least one health
insurance plan and all residents adopt partial cost sharing [13].
Moreover, all patients can receive medical aid even as children to
reduce their partial cost sharing [13].
The early signs of MNK are not disease specific, thereby early
diagnosis is difficult [12]. However, in families with a proband,
prenatal diagnosis could be performed [14]. To estimate the longterm efficacy of treatment with copper–histidine, we aimed to
explore the changes in the body weight and height of Japanese
MNK patients treated with copper–histidine and to compare these
changes between patients who received early and late treatment.
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Table 2
Nutrition and mutation among 39 MNK patients treated with copper–histidine after 1 month of birth.
Nutrition

Number of
patients

Age at starting
(mean ± SD, month)

Mutation in the ATP7A gene [14–17]

Oral nutrition only

9

Enteral tube feeding only

8

5 and 10 (n = 2)

Enteral tube feeding + oral nutrition

7

14.0 ± 7.1

Enteral tube feeding + oral nutrition + gastrostomy

1

Enteral tube feeding + oral nutrition + intravenous
nutrition
Enteral tube feeding + oral
nutrition + gastrostomy + intravenous nutrition
Gastrostomy only
Intravenous nutrition only
Unknown

1

Tube feeding: 9
Gastrostomy: 15
No data

1

Tube feeding: 18

E336V

3
1
8

No data
28
No data

Deletion of exon 7–23, D782FS794X, R986X
G1005E
C720R, R986Q, S1344R&I1345F, R409X, R980X, del1339L,
IVS20+5G>A, unknown in one patient

Y670FS672X, S761FS770X, I1024FS1026X, IVS9+5G>C,
IVS9+12insAATTG, T1046I, K1282E, unknown in 2 patients
T274FS305X, A442FS452X, K1097FS1102X, R547X, R986X,
alu element insertion within exon 9, unknown in 2 patients
IVS6+5G>A, IVS8+6T>C, IVS19−2A>G, duplication of exons
3–5, R201X, K155FS160X, unknown in 1 patient
G727R
P784FS826X

MNK: Menkes disease; SD: standard deviation.

Data collection and analysis
The study protocol was reviewed and approved by the Ethics
Board of the Teikyo University School of Medicine (Tei-I-Rin Nos.
07-095 and 08-114). Parents or guardians of the patients provided
a signed informed consent. Clinical data for all the patients were
obtained from medical records or summaries retrospectively written by pediatricians.
We compared the body weight and height of MNK patients from
birth until 6 years of age with national data from a Survey on the
Growth of Infants and Preschool Children 2010 published by the
Ministry of Health, Labour and Welfare [19], and presented the data
of weight and height of patients as percentiles. The data of age were
exhibited as mean ± SD.
Body height measurement of all patients aged <2 years and >2
years who received late treatment was performed in a supine position, whereas that of patients aged >2 years who received early
treatment was performed in a standing position. The national data
of body weight and height were also obtained in a supine position from children aged <2 years and in a standing position from
children aged between 2 and 6 years.
Results
The types of nutritional support and/or artificial nutrition in
MNK patients as well as mutations in the ATP7A gene are shown
in Tables 1–3. The age of diagnosis, start of treatment and status
at the time of survey in patients are shown in Table 3. No obvious associate between genotype and survival time was observed
in MNK patients who received both early and late treatment with
copper–histidine (Tables 1–3).
All the patients treated with late treatment showed normalized scalp hair and were capable of smiling back but could not lift
their head from a prone position. Four MNK patients who received
early treatment could lift their head from a prone position, sit well
unsupported, stand without help, and walk. One MNK patient who
received early treatment could lift his head from a prone position
and sit with support only. We calculated the percentiles of weight
and height at birth, at 1 month health check-ups, and during treatment with copper–histidine and compared these data with national
data. The results are shown in Tables 1–3.
Of the five patients who received early treatment, only one
patient was described as having no osteoporosis. Of the 39 patients
who received late treatment, 25 were described as osteoporotic and
three were not; 15 had repeated episodes of pneumonia and four
did not; 11 had urinary infection and four did not; six had episodes

of intractable chronic diarrhea; and 22 had repeat episodes of pneumonia or urinary infection.

Discussion
Parenteral supplementation of copper–histidine has been performed for 20 years in Japan, but its efficacy is still not fully
understood. We reported the changes in body weight and height
of patients who received early and late treatment. Treatment with
copper–histidine normalized scalp hair in all the patients, and
favorable effects were observed on the neurological development
of patients who received early treatment; however, there was no
increase in body weight or height for either treatment.
Because MNK patients who received late treatment often
showed more severe conditions and could not be fed orally, these
patients received a feeding tube and/or intravenous hyperalimentation more often than did patients who received early treatment.
However, the body weight and height of patients who received
early treatment were lower than the normal range (Table 1).
The following may contribute to the poor improvement in body
weight and height, even in patients who received late treatment: (i)
osteoporosis, (ii) presence of repeated infections, (iii) concomitant
therapies such as antibiotic therapies or antiepileptic drugs affecting appetite and weight gain (we did not have data in detail), and
so on.
We cannot exclude the possibility that osteoporosis may contribute to the poor improvement in body weight and height even
in patients who received early treatment, because early treatment
with copper–histidine cannot improve the activity of lysyl oxidase,
which is required for proper cross-linking of elastin and collagen.
Moreover, copper accumulates in the intestinal villus epithelial
cells in MNK patients [20] even during parenteral injection of
copper–histidine, which may influence the absorption of nutrients.
We suggest that nutritional support is necessary along with early
parenteral copper treatment to improve whole body condition in
MNK patients.
A limitation of the present study was that body weight and
height in patients aged >6 years could not be analyzed; further
study is necessary on a larger population of patients. Moreover, we
had no data concerning the energy requirement for each patient;
therefore, we could not confirm if this was substantial. However,
in Japan clinical practice works with the Dietary Reference Intakes
for Japanese 2010 (updated every 10 years), in which the estimated
energy requirement for males aged <1 year and between 1 and 7
years is 550–700 and 1000–1550 kcal/day, respectively [21].
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Conclusion
Despite the favorable effects of treatment with copper–histidine
on the neurological symptoms of MNK patients who received early
treatment, it does not result in an adequate increase in body weight
and height. Therefore, sufficient nutritional support is necessary in
addition to early parenteral copper treatment.

22–59
<3 (n = 1)
3–10 (n = 2)
10 (n = 1)
25–50 (n = 1)
75–90 (n = 1)
3–10 (n = 3)
10–25 (n = 3)
75–90 (n = 1)
>97 (n = 1)

None.
Acknowledgments
This work was supported by the Japan Foundation for Pediatric Research (H20), the Mother and Child Health Foundation
of Japan (H21), and the Specified Disease Treatment Research
Program of the Ministry of Health, Labour and Welfare of Japan
(H24/nanchi/ippan/091).
References

MNK: Menkes disease; SD: standard deviation. The data of age were exhibited as mean ± SD.
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