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Abstract 

Background There have been reports of isolated trace elements or vitamin deficiencies due to imbalanced diets, but 
no cases of selenium deficiency combined with scurvy have been reported.

Case presentation A 7 year-old boy diagnosed with autistic spectrum disorder and mild psychomotor retardation, 
started an imbalanced diet including specific snacks and lacto-fermenting drinks from 5 years of age. Gingival hemor-
rhage and perioral erosions occurred at 6 years and 8 months of age, and he was referred to our hospital at 7 years 
of age. Slight tachycardia was found. Serum vitamin C level was 1.1 µg/dL (reference range (rr): 5–17.5 µg/dL), and 
selenium level was 2.8 µg/dL (rr: 7.7–14.8 µg/dL). He was diagnosed with both selenium deficiency and scurvy. Multi-
vitamins and sodium selenate were administered for 12 days during admission, and symptoms of selenium deficiency 
and scurvy improved. After discharge, symptoms abated following the administration of multivitamins and regular 
administration of sodium selenate every 3 months.

Conclusions We report a complicated case of both selenium deficiency and scurvy due to an imbalanced diet of 
snacks and lacto-fermenting drinks in a 7-year-old boy with autism spectrum disorder. In patients with imbalanced 
diet, regular blood tests including trace elements and vitamins are necessary.
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Background
Selenium has many biological effects, such as the regu-
lation of the arachidonic acid cascade and the enhance-
ment of apoA-I expression through its effects on PPARγ 
and NF-κB. Selenium deficiency is associated with 

enhanced inflammation and improves the expression 
of selenoproteins, which are involved in antioxidative 
defense reactions [1]. Selenium deficiency is induced fol-
lowing long-term enteral or intravenous nutrition with-
out selenium, dialysis, and eating disorders [2–5]. There 
are various symptoms of selenium deficiency, such as 
whitened nails, hair loss, dermatitis, muscle weakness, 
cardiac myopathy, and abnormal laboratory findings sug-
gesting macrocyticanemia, liver dysfunction and abnor-
mal thyroid function [6].
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Vitamin C is an essential cofactor for collagen biosyn-
thesis, carnitine, catecholamine metabolism, and dietary 
iron absorption. Vitamin C deficiency induces scurvy 
characterized by the inability to build up the collagen tri-
ple helix structure that makes up the dermis, ligaments, 
tendons, bones, cartilage, and blood vessels, resulting in 
vessel wall fragility and failure of bone and tooth develop-
ment [7]. Symptoms of scurvy vary but generally follow a 
predictable course, especially bleeding of the skin, gums, 
and joints [8]. Thioredoxin reductase as a selenoenzyme 
was reported to function as a cytosolic ascorbyl free 
radical reductase, complementing intracellular ascor-
bate recycling by membrane-bound NADH-dependent 
reductase [9]. Thus, combined selenium and vitamin C 
deficiency are expected to exacerbate the pathological 
consequences of dietary vitamin C deficiency.

Autism spectrum disorder (ASD) is a developmental 
disorder characterized by poor interpersonal relation-
ships and strong dietary preoccupation, which is known 
to cause vitamin and mineral deficiencies. Although 
there have been a few reports about scurvy [10] and only 
selenium deficiency [11] in ASD children, there are no 
reports of ASD children having a combination of scurvy 
and selenium deficiency. In this report, we describe a 
case of an ASD child with scurvy and selenium deficiency 
due to an imbalanced fixed diet of snacks and lacto-fer-
menting drinks.

Case presentation
A 7-year-old boy was referred to our hospital due to 
gingival bleeding for 4 months. He was born a twin at 
term by caesarean section with a birth weight of 2.51 kg. 
There were no prenatal or postnatal complications. His 
twin brother who was diagnosed with attention deficit 
hyperactivity disorder (ADHD) had normal eating hab-
its. The Kyoto scale of psychological development test 
was performed at 1 year and 3 months of age, and he was 
diagnosed with psychomotor retardation due to a devel-
opmental quotient (DQ) score of 51. An imbalanced diet 
consisting of only bananas and sponge cake was started 
at 1.5 years of age, and changed to only two 57 g boxes 
of snacks made primarily from processed fried potatoes 
and two liters of lacto-fermenting drinks in a day. Gin-
gival hemorrhage and perioral erosions presented at 6 
years and 8 months of age. At the local clinic for the com-
mon cold, blood tests showed anemia with hemoglobin at 
7.0 g/dL and ferric pyrophosphate was initiated. He was 
finally diagnosed with ASD according to DSM 5 at that 
time.

He was 110 cm (-2.07 SD) in height, and his weight 
was 19.05 kg at admission. Vital signs were as follows: 
body temperature of 36.7 ºC, blood pressure of 90/80 
mmHg, resting heart rate of 117 beats per minute, 

respiratory rate of 28 breaths per minute, and oxygen 
saturation of 98% on room air. Despite the good general 
condition, there were dry lips, erosion around the lips, 
gingival swelling, and gingival hemorrhage. All physical 
examinations were normal. There were no symptoms 
of nail whitening, nail deformity, hair loss, discolora-
tion of the hair, myalgia of the lower limbs, weakness 
of extremities, difficulty walking, subcutaneous bleed-
ing, thigh bleeding, purpura, or petechiae around hair 
follicles.

Laboratory studies showed AST, 98 IU/L(reference 
range (rr): 24–38 µg/dL); ALT, 64 IU/L(rr: 9-28 IU/L); 
CK, 45 IU/L (rr: 46-230 IU/L); TSH, 2.55 µIU/mL (rr: 
0.44-4.1 IU/L); FT4, 1.36 ng/dL (rr: 1.03-2.00 ng/dL); 
vitamin C level, 1.1 µg/dL (rr: 5.0–17.5 µg/dL); sele-
nium level, 2.8 µg /dL (rr: 7.7–14.8 µg /dL ); retinol 
protein, 1.3 mg/dL (rr: 2.5–7.1 mg/dL); vitamin B1, 22 
ng/mL (rr: 24–66 ng/dL); and folic acid, < 1.3 ng/mL 
(rr: 4.0–13.0 ng/mL). Echocardiograms did not show 
any pathological Q-wave or ST segment and T-wave 
changes. A lumbar and head MRI showed no hemor-
rhagic lesions.

Gingival bleeding was thought to be symptoms of 
scurvy. Elevated AST/ALT and perioral erosions and 
tachycardia and lip dryness were thought to be symp-
toms of selenium deficiency. We started the administra-
tion of sodium selenite via intravenous infusion (40 µg/d) 
and multivitamins including 50 mg/day of vitamin C via 
intravenous infusion after hospitalization. The meal form 
innovations were made by the nutritionists to try the 
intake of oral selenium and multivitamins but he was not 
accept the modified diet. On day 5 of hospitalization, a 
blood test showed a moderate increase in selenium, so 
from day10 of hospitalization, sodium selenate admin-
istration was increased to 80 µg/d. On day 12 of hospi-
talization, he was discharged due to elevation of selenium 
and vitamin C levels. At the time of discharge, perioral 
erosions and gingival swelling/bleeding had improved. 
He was able to take 1 g/d of multivitamin medicine 
including 2500 units retinol, 1 mg thiamine nitrate, 1.5 
mg riboflavin, 5 mg calcium pantothenate, 1 mg pyridox-
ine hydrochloride, 1μg cyanocobalamin, 37.5 mg ascor-
bic acid, 200 units ergocalciferol, 1 mg tocopherol, 10 mg 
nicotinamide, and 0.5 mg folic acid. Since he was not able 
to take selenium medicine, he was admitted to hospital 
to replenish selenium by intravenous infusion every 3 
months. No symptoms of selenium deficiency or scurvy 
were observed 8 months from discharge.

The selenium level for specific snacks and lacto-fer-
menting drinks were measured by nductively coupled 
plasma mass spectrometry (ICP-MS) at Japan functional 
food analysis and research center. These selenium levels 
were below 0.1 µg/g.
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Discussion
This case was reported to suffer both selenium deficiency 
and scurvy from picky eating in 7-year-old boy with ASD.

There are some reports in the US, UK and Japan about 
the frequency of trace elements/vitamin deficiency due 
to picky eating in children with ASD [11–13]. The most 
common trace element/vitamin deficiency reported 
in children with ASD in Japan was vitamin A [11]. A 
decrease in a retinol protein was also observed in this 
Japanese patient. Regarding element/vitamin deficiency 
in children with ASD, lower vitamin D and calcium levels 
were often reported in the US. [12, 14], and low vitamin 
C and D levels were reported in the UK [13]. The reason 
for the differences in levels of trace elements/vitamins 
between countries may be due to differences in dietary 
preferences of children with ASD across counties. In this 
patient, vitamins A and C were low, but vitamin D was 
within normal levels.

Selenium deficiency is sometimes observed in cases of 
prolonged management of selenium-free enteral nutri-
tion and high-calorie infusions, but selenium deficiency 
is unlikely to occur in normal life since selenium is abun-
dant in seafood, meat, eggs, and cereals. The amount of 
selenium in different foods depends on the region and 
country due to selenium transferring from soil to crops 
[15, 16]. Except for a situation of a selenium free diet in 
Japan, no selenium deficiency was reported. We thought 
that macrocytic anemia were due to selenium deficiency 
and/or folic acid deficiency.

The recommended selenium intake for 7-year-old chil-
dren is 30 µg/d [17]. This patient routinely had 2 L/d of 
the lacto-fermenting drink with the snacks. We estimated 
how much selenium could be included in the snack. Sele-
nium comprises up to 70 ng/1 g weight of raw potatoes 
[18]. Considering that the snacks had a mass weight of 57 
g/ box and that he consumed two boxes/d, it is calculated 
that the snacks contained only 8 μg of selenium, even if 
all of the snacks were composed of potato. In addition, 
according to the product information, this snack included 
frying during the cooking process, which is assumed to 
have further reduced the amount of selenium [19]. The 
amount of selenium intake from the snacks was also 
considered up to only 0.6–5.6 µg/d in this patient [20]. 
The amount of selenium in lacto-fermenting drink was 
unknown. The Japanese-language literature described 
that the selenium content of lacto-fermenting drink was 
0.00 µg/g wet weight [21]. The selenium level for specific 
snacks and lacto-fermenting drinks were below 0.1 µg/g 
in our research. This case was overwhelmingly deficient 
in selenium intake.

Under imbalanced diet conditions, scurvy is more fre-
quent than selenium deficiency. Since vitamin C defi-
ciency secondary to either selective eating or parents 

limiting a child’s diet may not be a common occurrence, 
it may also not be considered rare, with 61 published 
studies in the last 18 years [20]. The recommended vita-
min C dose is 30 mg/d for a 7-year-old [21], which should 
easily be achievable. The snack was made of fried potato. 
Potatoes contain 43.2 mg vitamin C/100 g [22], but he 
had little or no vitamin C intake, as vitamin C is water-
soluble, and rinsing and other processing may have led to 
the onset of scurvy. Vitamin C is abundant in vegetables, 
fruits, and potatoes, but it has the lowest residual rate 
among all vitamins after cooking. Reported differences 
in vitamin residuals between uncooked and cooked foods 
show that vitamin content decreases with frying and 
boiling [23].

The patient also had decreased vitamin B1, folic acid, 
and retinol protein. Vitamin B1 deficiency causes psychi-
atric and neurological symptoms such as depression, as 
well as motor/digestive symptoms and Wernicke-Kor-
sakoff syndrome. Folic acid deficiency causes anemia, 
fatigue, paleness, irritability, shortness of breath, and in 
severe cases, tongue pain, diarrhea, decreased sense of 
taste, depression, confusion, and dementia. Retinol pro-
tein is closely related to vitamin A levels, and vitamin A 
deficiency can present with visual disturbances such as 
night blindness and photophobia. The diagnosis of men-
tal retardation was made prior to the onset of the picky 
eating, and therefore, it was determined that the neuro-
logical symptoms were not related to low vitamin B1. No 
other symptoms that could be seen with vitamin B1 defi-
ciency, folic acid deficiency, or retinol protein deficiency 
were observed.

Although there are few reports in Google Scholar or 
PubMed of scurvy and selenium deficiency due to an 
imbalanced diet, there are many reports of trace element 
deficiencies or vitamin deficiencies, including selenium, 
due to picky eating. We were unable to confirm whether 
there were really no cases of both scurvy and selenium 
deficiency by scrutinizing each of those cases.

Conclusion
We reported a complicated case of both selenium defi-
ciency and scurvy due to an imbalanced diet of snacks 
and lacto-fermenting drinks in a 7-year-old boy with 
autism spectrum disorder. Extremely picky eating 
induced both selenium deficiency and scurvy simultane-
ously. In patients with imbalanced diets, regular blood 
tests including trace elements and vitamins are consid-
ered necessary.
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