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Background: Selenium is an important trace element that helps maintain physiological functions. We
calculated the incidence of selenium deficiency in enterally and parenterally fed patients with acute
neurologic disorders.

Methods: We enrolled 39 consecutive patients who received enteral and/or parenteral nutrition for 14
days or longer (23 men, mean age 74.6 years). Serum selenium was recorded on admission and at 2
weeks and 1 month thereafter. Low selenium was defined as a level lower than 107 pg/L. A diagnosis
of selenium deficiency was based on the clinical guidelines for selenium deficiency.

Results: The mean serum selenium level at admission was 119.9 ng/L in 38 patients but was lower in
the 39th patient, who had undergone prolonged tube feeding. There was a weak negative correlation
between selenium level and patient age, and when the age cutoff for detecting low selenium was set to
75 years, the sensitivity was 91.7% and the specificity was 53.8%. No selenium-deficient patients pre-
sented with clinical symptoms associated with selenium deficiency (all had subclinical low selenium).
Selenium was normal in 26 patients, although 2 presented with low selenium 2 weeks post-admission.
At 1 month after admission, no patient had a low selenium level.

Conclusion: Our findings suggest that selenium measurement on admission may be advisable for pa-
tients aged 75 years or older and for those undergoing hemodialysis or prolonged tube feeding. Sele-
nium deficiency is a concern when neurosurgery patients with acute neurologic disorders are fed enter-
ally or parenterally.
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Introduction
Selenium is an important trace element needed for nu-
merous physiological functions. Many of its 25 seleno-
proteins are involved in redox reactions that neutralize
oxidative stress and play important roles in thyroid hor-
mone metabolism and energy metabolism, brain develop-
ment, male fertility, and immune function'”. The brain
contains approximately 2.5% of the selenium in the

body*’, and it is more abundant in gray matter than in

white matter’. Selenium may be important in diseases re-
lated to the central nervous system, such as Alzheimer’s
disease and Parkinson’s disease, epilepsy, and schizo-
phrenia’. There is evidence linking reduced selenium lev-

378

els to epilepsy in children™”. Animal studies reported a
relationship between selenium status and epilepsy®, and
sodium selenate supplementation suppressed seizures’.
Rodent studies of Parkinson’s disease suggest that se-

lenoproteins play an important neuroprotective role in
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dopamine neurons™.

Selenium cannot be produced by the body, so it must
be ingested in the diet. Selenium deficiency is diagnosed
on the basis of associated symptoms and low serum sele-
nium concentrations'. Selenium deficiency affects im-
mune responses, neurodegeneration, cardiovascular dis-
eases, and cancer'"". Reported symptoms include cardio-
myopathy leading to arrhythmia and tachycardia, myal-
gia, muscle weakness, hemolysis, macrocytic anemia, cell-
mediated immunity disorder, damage to nails and hair,
thyroid dysfunction, and encephalopathy accompanied

by consciousness disturbance"'*".

Myocardial damage
and encephalopathy can be irreversible and may progress
to heart failure and death in severe cases.

The prevalence of selenium deficiency depends on the

1,16 17,18

regional diet; in Japan it is rare". Anorexia nervosa",
central parenteral nutrition”, and enteral nutrition” may
result in selenium deficiency. The 2024 Japanese guide-
lines for detection of selenium deficiency suggest that pa-
tients receiving long-term tube feeding have their sele-
nium levels measured at least once every 3 to 6
months'*.

In tube-fed patients with acute neurologic disorders, it
is difficult to diagnose selenium deficiency because they
may be unconscious or paralyzed, and the need for sele-

nium supplementation is thus unclear.

Patients and Methods
Our study was approved by the ethics committee of
Chiba Hokusoh Hospital, Nippon Medical School (ap-
proval number: H-2024-145). Patients could opt out of
the study on the homepage of our hospital, so the re-
quirement of written informed consent for inclusion in
the study was waived.

We investigated patients with acute neurologic disor-
ders who underwent nutrition management and enrolled
39 consecutive patients admitted to the neurosurgery de-
partment between September 2024 and January 2025. No
patient was able to ingest food orally, so they underwent
intravenous or tube feeding for 14 days or longer. They
were 23 men and 16 women, and the mean age was 74.6
+ 13.8 years (range, 33-96 years). Among the 39 patients,
15 had intracerebral hemorrhage and 10 had cerebral in-
farct; subarachnoid hemorrhage and head trauma were
diagnosed in 6 each, and brain tumor and hydrocephalus
were diagnosed in 1 each. One patient was hospitalized
twice during the study period.

Selenium concentration was recorded on admission

and at 2 weeks and 1 month later. Health insurance cov-

J Nippon Med Sch 2026; 93 (3)

ered the procedure performed at 2 weeks post-admission
in patients with low selenium levels, and at 1 month
later in all patients.

The attending physician ordered intravenous or tube
feeding after considering the patient’s condition, as well
as administration of selenium; no selenium-containing
supplements were administered at admission. Low serum
selenium concentration was defined as a level lower than
107 ng/L, and deficiency was recorded based on the 2024
Japanese clinical guidelines for selenium deficiency'. Pa-
tients with serum selenium levels lower than the stan-
dard value but without associated clinical symptoms
were considered to have subclinical low selenium. Sele-
nium supplementation was indicated in all cases of se-
rum selenium levels below the standard value. Selenium
supplementation was delivered via dietary changes and/
or administration of sodium selenite (Aselend) but was
carried out based on the instructions of the attending
physician, as this was an observational study.

We reviewed patients’ medical records to determine
the amount of selenium supplemented via intravenous or
tube delivery. Six patients received blood transfusions
during the study period. Factors related to low selenium
concentrations, e.g., hemodialysis, nutritional environ-
ment (anorexia nervosa, extreme dietary imbalance, sele-
nium supplementation before hospitalization), dilated
cardiomyopathy, chronic hepatitis C, liver cirrhosis, and
history of cancer were recorded' (Table 1). Because serum
selenium levels are lower under inflammatory condi-

tions™ ™

, we also measured C-reactive protein (CRP) lev-
els at admission (Table 1).

Statistical analysis was performed with IBM SPSS for
Windows ver. 26.0 (IBM Corp., Armonk, New York,
USA). Intergroup comparisons were made using the
Mann-Whitney U-test, Fisher’s exact test, and Pearson’s
chi-square test. Correlations were analyzed by using
Spearman’s rank correlation coefficient. To assess the as-
sociation of age with low selenium on admission, predic-
tion probabilities were calculated using logistic regression
analysis, and receiver operating characteristics (ROC)
curves were created. The area under the curve (AUC)
served as the evaluation metric. Using these results, we
calculated cutoff values using Youden’s index for the sig-
nificance of selenium measurement with age and as-
sessed sensitivity and specificity. Differences of p < 0.05
were considered statistically significant. All values are ex-

pressed as the mean =+ standard deviation.
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Table 1 Characteristics of patients with low and normal selenium levels

Low selenium Normal selenium Significance
Number 26
Admission selenium level, ug/L, mean + SD 89.9+17.0 133.8+15.2 p<0.05
Age, years, mean + SD 84.3+8.5 71.8+11.6 p<0.05
Male:Female 17:9 ns
Factors affecting selenium level
Hemodialysis 1 0 ns
Dilated cardiomyopathy 0 0 ns
Chronic hepatitis C 0 1 ns
Liver cirrhosis 0 0 ns
History of cancer 2 5 ns
Selenium supplementation 1 3 ns
Dietary imbalance 0 1 ns
Prolonged tube feeding 1 0 ns
Reason for hospitalization
Intercerebral hemorrhage 2 13 ns
Cerebral infarction 6 4 ns
Subarachnoid hemorrhage 1 5 ns
Head trauma 3 3 ns
Brain tumor 0 1 ns
C-reactive protein on admission, mean + SD 2.8+7.6 1.0+1.6 ns
Blood transfusions patients, dosage (unit) 2 ) 4(2,4,4,4) ns
ns, not significant.
Results 1.0
Serum Selenium Levels at Admission
One 33-year-old man had undergone prolonged tube- 0.8
feeding before admission; his selenium level was
87 pg/L. Among the other 38 patients, the mean was 2 06
119.9 + 259 pg/L; 12 had been able to ingest food orally ;.E
7z
before admission, but their selenium level was low. There 5 04
3 o
was a weak negative correlation between selenium level
and age (r = 0485, p = 0.02), and the low selenium 0
group was significantly older (Table 1). There was no
significant correlation between CRP and selenium level
0.0
(r= —0.023, p=0.840) and no significant difference be- 0.0 0.2 0.4 0.6 0.3 1o
tween groups with low and normal selenium levels with 1 - Specificity

respect to factors resulting in low selenium concentra-
tions (Table 1).

The ROC curve for the effect of age on low selenium
level in 38 patients with oral intake before hospitalization
had an AUC of 0.798 (95% CI: 0.652-0.945) (Figure 1). In
analysis using Youden’s index, a cutoff of 86 years
yielded a sensitivity of 50% and a specificity of 96.2%. A
cutoff of 75 years yielded a sensitivity of 91.7% and a
specificity of 53.8%.

Characteristics of Patients with Low Selenium

None of the 39 patients presented with symptoms associ-

ated with selenium deficiency, although all had subclini-
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Figure 1 Receiver operating characteristic
(ROC) curve for age and low selenium on admis-
sion for 38 patients on oral intake before hospi-
talization

The area under the curve (AUC) was 0.798 (95%
CI: 0.652-0.945).

cal low selenium levels. Blood samples acquired at ad-
mission revealed that the level of free triiodothyronine
was low in some patients, while the aspartate
aminotransferase / alanine  aminotransferase / creatine
phosphokinase level was elevated, perhaps because of

deterioration in the patients” overall condition. None of
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these laboratory findings could be clearly attributed to
selenium deficiency.

All patients with low serum selenium levels received
supplemental selenium. The attending physician ordered
selenium supplementation for 9 patients and sodium se-
lenite for 4 patients. The mean daily selenium dose for
the first 2 weeks post-admission was 39.6 + 21.7 ng/day
(range, 0.0-79.5 ug/day), which was later increased to
88.6 + 53.3ug/day (range, 26.8-161.7 ug/day). After 2
weeks, the mean selenium level was 108.3 + 28.6 ug/L
and the mean CRP level was 4.0 + 3.8 mg/dL. After 1
month of treatment, the levels were 119.5 + 32.1 ug/L
and 3.9 + 49 mg/dL, respectively. One patient who re-
quired dialysis and had a selenium level of 68 ug/L after

1 month was treated with sodium selenite.

Effect of Post-admission Feeding in Patients with Nor-
mal Selenium Levels

Two of the 26 patients (7.7%) with normal selenium lev-
els at admission had a low selenium level 2 weeks later.
In the other patients, the mean selenium level was 147.9
+ 16.6 pg/L and mean CRP was 3.8 + 4.6 mg/dL. The
mean selenium dose administered over the 2 weeks was
375 + 17.9 pg/day (range, 15.8-108.1 png/day).

One man with a low post-admission selenium level
and a history of cancer and dietary imbalance received
pre-admission supplements including selenium. His sele-
nium level on admission was 112 pg/L and CRP was 2.6
mg/dL. After admission, he underwent external decom-
pressive craniectomy for cerebral trauma and received a
mean supplemental selenium dose of 18.3 ug/day for 2
weeks. At 2 weeks after admission, his selenium level
was 80 ug/L and CRP was 18.2mg/dL. The dose was
later increased to a mean of 39.0 ug/day, and 1 month
later his selenium level was 101 pg/L and CRP was 4.0
mg/dL.

The selenium level at admission in a woman with no
history of low selenium was 125 ng/L and CRP was 0.45
mg/dL. The mean selenium supplementation dose was
37.2 ng/day. Two weeks later, her selenium level was
102 png/L and CRP was 1.34 mg/dL. She was transferred
to a different hospital, where the selenium dose was in-
creased.

After 1 month of treatment, 7 patients had resumed
normal eating or were transferred to another hospital.
Tube feeding was provided for 1 month post-admission
in 17 patients; the mean selenium dose was 49.1 + 35.6
pg/day (range, 4.1-159.5 ng/day). At the end of that pe-

riod, the mean selenium level was 150.5 + 20.9 ng/L and
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mean CRP was 2.7 = 4.1 mg/dL.

Discussion

Selenium Levels at Admission

There was a weak negative correlation between selenium
level at admission and patient age; those with low sele-
nium were significantly older. Analysis of the effect of
age on low selenium levels on admission showed that an
age cutoff of 86 years yielded a high specificity of 96.2%
but a low sensitivity of 50%. In contrast, a cutoff of 75
years yielded a low specificity of 53.8% but a high sensi-
tivity of 91.7%. There was no significant difference be-
tween patients with normal and low selenium levels with
respect to factors affecting serum selenium. However, the
only hemodialysis patient and the only patient on pro-
longed tube feeding both had low selenium levels on ad-
mission. These results suggest that if our focus is identi-
fying low selenium, selenium measurement on admission
may be advisable for patients aged 75 years or older and
for those undergoing hemodialysis or prolonged tube-
feeding.

The daily selenium intake of most Japanese ingesting
the typical Japanese diet ranges from 50 to 150 pg'”.
Consequently, low serum selenium is not of concern in
that population unless individuals require hemodialysis
or have dilated cardiomyopathy, anorexia nervosa,
chronic hepatitis C, or liver cirrhosis". In current series,
the patient undergoing hemodialysis presented with a
low selenium level at admission.

26,27

Unlike us, other researchers™” reported no correlation
between patient age and selenium level, while some re-
ported high** and low™® levels in elderly adults. Some
studies claimed that serum selenium level was higher in
elders with access to good food and health supple-

ments™*

and that patient characteristics contributed to
age-related discrepancies”™””. The age-related decline in
serum selenium may reflect a decrease in dietary sele-
nium intake™”. Inflammation also lowers serum selenium
level”, and the decrease is correlated with the strength of
the inflammatory response™.

In this study, 12 out of 38 patients taking oral selenium
before hospitalization had low selenium levels. This may
be due to the effect of age, selenium intake, patents back-
ground, and even regional factors, so further investiga-

tion is needed.
Patients with Low Selenium Levels

Cross-sectional studies from several countries reported

that most individuals with low selenium levels had no
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clinical symptoms"™**™. Lipkin et al." reported that 62%
of patients with prolonged central venous issues had low
selenium levels but no clinical symptoms. Many patients
receiving prolonged enteral nutrition have low selenium
levels but not selenium deficiency”. Symptoms vary and
may be attributable to factors not related to selenium lev-
els. Of our 39 patients, 13 had subclinical low selenium
levels.

The recommended selenium intake for Japanese adults
is 2530 pg/day'. Our patients with low selenium re-
ceived enteral nutrition including selenium or sodium se-
lenite to prevent complications. The selenium content of
the enteral nutrition products available at our hospital
ranges from 0 to 40 pg/100 mL; most contain less than
10 pg/100 mL. It can be difficult to select an appropriate
nutrition product based solely on its selenium content,
and administration of sodium selenite is thus useful. One
ampule of the sodium selenite used in Japan contains
100 pg of selenium, and the product can be delivered at

50 to 300 pg/day for supplementation.

Patients with Normal Selenium Levels

Prolonged enteral and parenteral nutrition can result in
low serum selenium levels"”**. Yoshikawa et al.” ob-
served low selenium after only 1 month of total par-
enteral nutrition. In our study, 2 of 26 patients who re-
ceived enteral and parenteral nutrition after admission
had low selenium levels 2 weeks later.

The mean dose of selenium administered during the
first 2 weeks post-admission was 36.7 ug/day. One pa-
tient with a selenium level of 112 ug/L at admission re-
ceived only 18.3 ug/day, a dose too low to be effective.
This suggests that the recommended amount of selenium
(25-30 png/day)' should be administered.

None of the 17 patients who received enteral or par-
enteral nutrition for 1 month developed low selenium.
The mean selenium dose delivered was higher than the
recommended dose and proved to be effective in avoid-

ing selenium deficiency.

Limitations

Our study has some limitations. The number of cases
was low and statistical power was limited. Most of our
patients presented with consciousness disturbance at the
time of admission, and information from their families
on their eating habits before hospitalization may not be
reliable. Inflammation-induced selenium deficiency is re-
lated to selenium redistribution from the circulating com-

partment, and the selenium level can normalize without
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selenium supplementation”. To avoid the complications
of low serum selenium we supplemented selenium re-
gardless of CRP level. However, it may be necessary to
determine CRP level when considering selenium supple-
mentation. In addition, there are limitations to determin-
ing whether low selenium levels reflect true deficiency or
selenium redistribution due to inflammation, and poten-

tial confounding effects of inflammation may be present.

Conclusions
On admission, 12 (31.6%) patients who had ingested food
orally before hospitalization had subclinical low selenium
levels. During the course of at least 14 post-admission
days, they required parenteral or enteral nutrition. In 2 of
26 patients (7.7%) with normal selenium levels on admis-
sion, levels were low after 2 weeks of parenteral nutri-
tion but had returned to normal at 1 month post-
admission. Attention must be paid to selenium level
when neurosurgery patients with acute neurologic disor-
ders are fed enterally or parenterally. When the focus is
identifying low selenium, selenium measurement on ad-
mission may be acceptable for patients aged 75 years or
older and for those undergoing hemodialysis or pro-

longed tube-feeding.
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