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1. Introduction

In some cases, hypocalcemia leads to tetany, arrhythmia, and fatal
outcomes [1]. Calcium levels are strictly regulated by parathyroid hor-
mone (PTH), calcitonin, and calcitriol. Humans do not endogenously
produce calcium; therefore, it must be ingested and absorbed by the in-
testine [2]. In recent years, there has been considerable interest in vegan
diets to avoid all foods from animal produce, and the percentage of
vegans in Japan is said to be 1.9%. Vegan foods are considered healthy;
however, a lack of food diversity and supplementation can result in
nutrient deficiencies [3]. Pathological social withdrawal is referred to as
“Hikikomori”, and there are more than million people in Japan who are
afflicted with this condition [4]. The following diagnostic criteria for
“Hikikomori” have been proposed in 2020: a) marked social isolation in
one's home; b) duration of continuous social isolation of at least 6
months; c) significant functional impairment or distress associated with
the social isolation [5]. We report a patient with “Hikikomori” who fol-
lowed a vegan diet and experienced repeated episodes of hypocalcemia.
An appropriate diagnosis is important for administering standard treat-
ment to patients with repeated hypocalcemia.

2. Case report

A 33-year-old woman who had been withdrawing from society
(Hikikomori) for more than 15 years, arrived at the emergency depart-
ment (ED). At the age of 10, following a death in the family, she became

* Corresponding author.
E-mail address: k.s.07202251 @gmail.com (K. Suzuki).

https://doi.org/10.1016/j.heliyon.2022.e09563

unable to eat animal products. At the age of 18, she developed the habit
of over-eating and vomiting. From that time onwards, she spent most of
the day inside her room with the curtains closed. After that, she neither
worked nor went outside. She had been previously admitted to another
ED several times for hypocalcemia. Each time, she was given intravenous
calcium infusion to improve her symptoms, and she went home. As she
was unable to go to the hospital, her mother received the prescription for
her oral medication on her behalf.; however, she often experienced
symptoms of hypocalcemia.

For four days prior to her admission, she began experiencing difficulty
in moving due to numbness and stiffness in her limbs. On arrival at the ED,
she was underweight (153 cm, 32 kg, BMI 13.67 kg/m?), and her skin was
pale (Figure 1). Trousseau's signs and Chvostek's signs were observed. Her
corrected calcium levels (cCa) and ionic calcium levels (iCa) were 7.0 mg/
dL and 3.0 mg/dL, respectively. Intravenous calcium was administered,
and her symptoms improved by day 2 (Figure 2). Subsequently, her
1,25(0OH),-vitamin D and 25-OH vitamin D levels decreased to 8 pg/mL
and <4 ng/mL (below the measurement sensitivity), respectively. More-
over, her intact PTH level increased to 394 pg/mL. There was no signifi-
cant decrease in trace elements or vitamins other than vitamin D
(Figure 3). Hypocalcemia was diagnosed based on inadequate calcium
absorption caused by vitamin D deficiency. Therefore, she was prescribed
active vitamin D and calcium supplementation. She developed rhabdo-
myolysis with a maximum creatine kinase (CK) level of 48333 U/L during
admission, which improved with intravenous fluids without renal dam-
age. After taking activated vitamin D, her cCa, 1,25(0H),-vitamin D and
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Figure 1. An image of the pressure ulcer on the patient's back near the buttocks.
The patient's skin was pale.
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Figure 2. Changes in calcium and phosphorus levels after hospitalization.
Intravenous calcium correction was necessary until Day 4. As needed, phos-
phorus was administered intravenously. IV: Intravenous injection; IVDI: Intra-
venous drip infusion; IVCL: Intravenous continuous infusion; PO: Per OS.

Laboratory Data

Biochemistry parameters

Na/K/Cl 131.8/3.2/104.0 mEq/L
cCaliCa 7.0/3.0 mg/dL

P/Mg 5.2/2.1 mg/dL
Fe/Cu/Ce 45/71/56 pg/dL

CK 2066 IU/L

Vitamin B1/B9 44.1/14.7 ng/mL
Vitamin B12 268 pg/mL
1,25(0OH),-VitaminD 8 pg/mL
25(0OH)-Vitamin D <4 ng/mL

Intact-PTH 394 pg/mL

Figure 3. Biochemistry analysis results on admission: Both cCa and iCa levels
were decreased. No decrease in trace elements was observed. CK was elevated
from the time of admission. Vitamin D deficiency was present, but Vitamin B
levels were within the normal limits.

intact PTH levels were stabilized by day 8 and her symptoms gradually
improved. She was diagnosed with an eating disorder and obsessive-
compulsive disorder by a psychiatrist. She exhibited significant functio
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nal impairment and was diagnosed again as having “Hikikomori” ac-
cording to the diagnostic criteria proposed by Kato et al [5]. An inpatient
treatment was warranted, but she refused. The patient returned home, but
she self-interrupted her outpatient visits.

Written consent was obtained from the patient's family and patient's
personal information was anonymized with great care. The patient pro-
vided informed consent for the publication of her case history.

3. Discussion

The presence of 1,25(OH),-vitamin D enhances intestinal absorption
of calcium and phosphorus; therefore, inadequate vitamin D levels
reduce gastrointestinal calcium absorption by up to 50% [6]. Vitamin D is
provided by two pathways, namely, biosynthesis in the skin using the
energy of ultraviolet radiation, and ingestion from food, although the
former pathway accounts for a larger proportion. Hypocalcemia can
occur in people with a low exposure to ultraviolet light, especially in
those with a diet that is deficient in vitamins [7]. In this case, tetany was
suspected to be induced by hypocalcemia, because her symptoms
improved after her calcium levels were elevated with intravenous cal-
cium administration. Before admission, hypocalcemia was thought to be
caused only by inadequate calcium intake, as she was a vegan who had
several prior visits to the ED. However, our data revealed that her
repeated hypocalcemia was due to vitamin D deficiency, mainly caused
by a lack of sunlight exposure.

Vegan diets can provide vitamins and minerals if proper supplements
are consumed. Therefore, vegans do not usually experience nutritional
deficiencies. In our case, there were no deficiencies in trace elements or
other vitamins. Good sources of calcium can be obtained by increasing
the intake of calcium-rich foods from plant sources; however, as no diet
can provide adequate amounts of active vitamin D, exposure to sunlight
is essential [8]. In a Japanese cohort-study, vitamin D deficiency was
significantly associated with the female sex, examined month, current
smoking status, lack of regular walking, higher intact PTH, and poor daily
vitamin D intake [9]. Koda reported an eating disorder and vitamin D
deficiency in a patient, which was caused by a combination of inadequate
nutrition intake and lack of sunlight [10], as seen in our case. Miyakoshi
reported that “Hikikomori” causes calcium and vitamin D deficiency due
to a lack of sunlight exposure [11]. On a sunny day in Japan, the skin can
produce adequate vitamin D in only 10 min [12]. Therefore, lack of
sunlight, which causes vitamin D deficiency, is thought to occur only in
severe “Hikikomori” who spend most of their day inside the house.
Vitamin D deficiency is defined as a 25(OH)-vitamin D level of less than
12 ng/mL [6]. The patient's 25(OH)-vitamin D level had decreased to <4
ng/mL, which was below measurement sensitivity. In the human brain,
vitamin D receptors are expressed, and a vitamin D deficiency fosters the
development of several psychiatric diseases including depression, bipolar
disorder, and schizophrenia [13].

It is possible that “Hikikomori” occurs with a variety of psychiatric dis-
orders as a contributor to psychopathology [5]. This patient was also diag-
nosed with an eating disorder and obsessive-compulsive disorder. Recently,
the disease concept of orthorexia nervosa (ON) has also emerged, described
as a pathological obsession with healthy eating. Weight loss is not consid-
ered the desired result in people with ON, because there is an intense pre-
occupation about consuming healthy food instead. It has been suggested
that veganism may be a risk factor for ON [14]. Although we do not know the
direct causal relationship between veganism and “Hikikomori”, it has been
suggested that vegans might have a risk of psychiatric disorders in this way
and may be associated with “Hikikomori” as well. Patients with
obsessive-compulsive disorder should be treated with cognitive-behavioral
therapy, a selective serotonin reuptake inhibitor (SSRI) medication, or both.
In this case, the patient refused to be hospitalized; therefore, her
obsessive-compulsive disorder could not be addressed, resulting in
self-interruption of treatment. In the future, the patient might be at a risk of
being transported with arrhythmia or other fatal disease, so it might have
been better to continue hospitalization and treatment.
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4. Conclusion

Taking active vitamin D and calcium supplementation should be
considered to prevent repeated hypocalcemia in patients with “Hikiko-
mori” following a vegan diet, who are thought to have low calcium intake
and sunlight exposure. Psychiatric intervention is essential, but treat-
ment can be difficult.
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