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reductase (MTHFR) mutation in an adolescent: a case report
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A 16-year-old male adolescent was hospitalized complain-
ing of intermittent dizziness, drowsiness, and fatigue for
approximately 2 years. The patient had an episode of
fever and pharyngalgia lasting nearly 2 weeks and had
undergone appendectomy because of acute appendicitis
before the presentation of the above symptoms. He
suffered from severe dizziness mostly after switching from
a supine to an upright posture when he was getting up in
the morning. The symptom of dizziness usually persisted
for minutes to hours and could be partially alleviated by
recumbency. In addition, he felt drowsy and fatigued all
day despite a total sleep duration of 14 to 15 h per day. All
the symptoms could be partially mitigated by complete bed
rest for 1 or 2 weeks, but he relapsed after taking part
in normal school life again. Additionally, the feeling
of fatigue was obviously aggravated after exertion or
infection. He was unable to focus on his studies and had to
withdraw from school for a long time. As a result, there
was a decline in academic performance after the onset of
illness. He used to benefit from taking carnitine and folate;
however, the improvement was limited in enabling him to
take part in normal social and school life. He was
physically and mentally healthy before the presentation
and did not feel disgusted with learning in the past. No
family history of cardiovascular or nervous system disease
was evident. The study was approved by the Ethics
Committee of Peking University First Hospital (No. 2020-
415).

His physical examination showed no significant abnor-
malities except for a body mass index of 25.6 kg/m2

indicating overweight and a surgical scar on the right lower
abdomen. Investigations in the form of a routine complete
blood count, a liver and renal function test, serum
electrolytes, cortisol circadian rhythm, and thyroid
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function were normal. Meanwhile, his serum homocyste-
ine concentration markedly increased to a maximum value
of 86.14 mmol/L during the course and decreased to 31.28
mmol/L after the treatment mentioned above. Relevant
investigations, including serum folate and vitamin B12,
blood amino acid, and urinary organic acid analyses, were
normal. Family wide exome sequencing showed complex
heterozygous mutations in the 5,10-Methylenetetrahydro-
folate reductase (MTHFR gene) [Figure 1]. A serum
immunoglobulin (Ig) assay revealed significantly elevated
titers of Epstein-Barr virus (EBV) capsid antigen IgG
(>750 U/mL, reference range: <20 U/mL) and nuclear
antigen IgG (>600 U/mL, reference range: <5 U/mL).
However, the serum EBV capsid antigen IgM (<10 U/mL,
reference range: <40 U/mL) and EBV nucleic acid
determination (reference range: <500 copies/mL) were
normal. Investigations of immune function revealed
normal results. No abnormal results were reported in
his examinations of Holter monitoring, echocardiography,
and ambulatory blood pressure monitoring. A standing
test showed that his heart rate increased from 61 beats per
min (bpm) when supine up to 118 bpm during upright as
he complained of lightheadedness, whichwas similar to the
way he felt in his daily life, which suggested a diagnosis of
postural tachycardia syndrome (POTS). His 24-h urine
sodium concentration and flow-mediated vasodilation
(FMD) reaction were examined to search for pathogenic
factors of POTS, and intensive FMD was confirmed.
Repeated magnetic resonance imaging (MRI) of the brain
and routine electroencephalogram showed no abnormali-
ties. However, the multiple sleep latency test showed that
his sleep latency was from 56 s to 3min plus 45 s, and three
sleep-onset rapid eye movement periods were determined
in five naps [Supplemental Figure 1, http://links.lww.com/
CM9/A464] and his Epworth Sleepiness Scale score added
up to 19, which indicated an evident sleep disorder. No
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Figure 1: Partial sequencing results of theMTHFR gene in this case (A, B) and his parents (the father: C, D; the mother: E, F). The red arrows indicate the mutation site in theMTHFR gene. (A)
The heterozygous mutation in which C at position 677 of theMTHFR gene is replaced with T leads for the replacement of the amino acid alanine at position 222 with valine (p.Ala222Val). (B)
The heterozygous mutation in which A at position 1298 of the MTHFR gene is replaced with C leads to the replacement of the amino acid glutamic acid at position 429 with alanine (p.
Glu429Ala). (C, D) The gene sequence at these two positions of the patient’s father is the same with the patient. (E) The patient’s mother shows C> T homozygous mutation at position 677 of
the MTHFR gene. (F) The gene sequence at position 1298 of the mother is normal. As a result, the patient’s compound heterozygous mutation at position 677 and 1298 of the MTHFR
respectively originated from his mother and father. MTHFR: 5,10-Methylenetetrahydrofolate reductase.
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abnormalities were found in otorhinolaryngologic and
ophthalmic examinations.

A multidisciplinary consultation including a pediatric
cardiologist and a neurologist was conducted. According
to the patient’s history and examinations, diagnoses
of chronic fatigue syndrome (CFS) and narcolepsy were
considered, combined with POTS and hyperhomocystei-
nemia (MTHFR gene mutation). Considering his hyper-
homocysteinemia, a combined therapy consisting of oral
folate (5 mg/day), vitamin B6 (10 mg/day), vitamin B12
(0.5 mg/day), and L-carnitine (1 g/day) was continuously
prescribed. In addition, oral midodrine hydrochloride
(7.5 mg/day) was used to target excessive vasodilation,
which may account for POTS. After 1 month of therapy,
the symptom of dizziness was relieved to a certain extent,
but his feeling of drowsiness and fatigue barely improved.
According to the expertise of pediatric neurology,
methylphenidate hydrochloride tablets (18 mg/day) were
added to his treatment to ameliorate the narcoleptiform
sleep disorder. After another month, the patient felt much
less drowsy during the daytime, and his total sleep
duration shortened to 9 to 10 h/day. Therefore, he began
to gradually resume his school life and has maintained a
normal sleep rhythm since then.

CFS, also known as myalgic encephalomyelitis (ME) or
ME/CFS, can occur at all ages, but the diagnosis of CFS is
most often made in school-age and adolescent children,
peaking at the ages of 11 to 18 years during childhood.[1]

The prominent clinical manifestations are significant
fatigue, and other problems include sleep disorders,
cognitive disorders, pain, and so on, whichmay deteriorate
by physical or mental activity and cannot be effectively
improved even after full rest and sufficient sleep for a short
period of time, leading to impairment of physical and
mental health and eventually disrupting the patient’s social
and school life to varying degrees. Although pediatric
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patients with CFS appear to have many psychological
abnormalities, it is believed that CFS is a physical disease in
nature caused by multiple complex mechanisms that are
not fully understood. As mentioned above, the patient
in this case had a history of fever and an experience of
surgical operation before the presence of disease. We
speculated that he had an EBV infection previously in view
of the long-term fever with pharyngalgia, and sustained
increased EBV IgG levels, which is considered to be
associated with the etiology of CFS.

The patient showed typical manifestations of orthostatic
intolerance and was diagnosed with POTS. It has been
reported that nearly 11% of adult CFS patients are
diagnosed with POTS. The incidence of POTS is higher
in pediatric CFS patients than in adult CFS patients.[2]

The enhanced FMD in this patient suggested impaired
endothelial function and abnormal vasoconstriction,
which is believed to be one of the important pathogeneses
of POTS.[3]

We considered the possibility of narcolepsy because of the
patient’s excessive sleepiness, especially during the day-
time. As expected, he fulfilled the diagnostic criteria of
narcolepsy during childhood.[4] Narcolepsy is a group of
neurological disorders characterized by excessive sleepi-
ness during the daytime, markedly shortened sleep latency
(presents as falling asleep abruptly or cataplexy), sleep
paralysis, and interruption in nocturnal sleep. As summa-
rized in published reviews, narcolepsy is not an indepen-
dent presentation apart from CFS but a relatively common
complication in CFS. A retrospective study revealed that
the degree of fatigue can be obviously relieved by a strategy
of treating narcolepsy in 75% of those patients.[5]

Hyperhomocysteinemia is another marked characteristic
of this case. The metabolic pathway of homocysteine
involves the remethylation pathway and the transsulfura-
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tion pathway [Supplemental Figure 2, http://links.lww.
com/CM9/A464]. MTHFR deficiency is now the most
common cause of hyperhomocysteinemia. In this case,
compound heterozygous mutations in the MTHFR gene
were determined by family wide exome sequencing. It has
been reported that individuals with compound hetero-
zygous mutations of c.1298A>C and c.677C>T in the
MTHFR gene have similar clinical manifestations as
c.677C>T homozygous carriers.[6] Therefore, it is reason-
able to conclude that hyperhomocysteinemia is attributed
to the patient’s MTHFR gene mutations. No specific
pathogenic gene has been defined as the main cause of CFS.
In recent years, the relationships between MTHFR gene
polymorphisms and CSF have begun to attract researchers’
attention, but only a few studies have been reported. In a
recent cross-sectional study, Regland et al[7] reported that
CFS patients who received more frequent vitamin B12
injections and higher doses of oral folate showed a better
therapeutic response and needed fewer other adjuvant
treatments (such as psychiatric drugs). Furthermore, the
therapeutic response and oral doses of folate are correlated
with the single-nucleotide polymorphisms of c.1298A>C
and c.677C>T in the MTHFR gene.[7] Therefore,
disorders of homocysteine metabolic pathways should
be taken into account cautiously while treating patients.
The mechanisms by which the gene polymorphism of
MTHFR plays a role in CFS still need to be studied.

Multiple aspects should be taken into accountwhile treating
patients with CFS regarding the complex etiology. Symp-
toms caused by its comorbidities should be controlled
comprehensively. In this case, his narcoleptic symptoms
were controlledbymethylphenidatehydrochloride.Accord-
ing to former researches, methylphenidate may be effective
for certain groups of CFS patients, e.g., patients with
attention deficit hyperactivity disorder or narcolepsy.[8]

Here, we have reported an adolescent case of CFS
accompanied by hyperhomocysteinemia associated with
heterozygous mutation of the MTHFR gene, POTS, and
narcolepsy. His symptoms improved after the combined
therapy of vitamin B12, folate, midodrine, and methylphe-
nidate. We believe that much attention should be paid to
CSF in childhood to increase the diagnostic rate and
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provide a more comprehensive and effective treatment for
pediatric patients.
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