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Abstract

Objectives: Zinc (Zn) is a cofactor for more than 200 enzymes within the human body. Zn deficiency can result
in cell-mediated immune dysfunction. Furthermore, serum Zn levels have been reported to be associated with
nutritional status, but this association has not been clarified in malignant lymphoma. This study aimed to examine
the deficiency of serum Zn levels and clarify the factors that are correlated with serum Zn in malignant lymphoma.

Methods: Initial malignant lymphoma was diagnosed in patients at Fujita Health University Hospital between April
2011 and March 2019. Based on the serum Zn levels, the study population was divided into “deficient” and “low or
normal’. For the serum Zn levels of patients undergoing pre-chemotherapy, laboratory parameters and nutritional
factors were included. We compared these factors between the abovementioned two groups, and the serum Zn
levels with its correlation factors were investigated.

Results: A total of 77 patients (Deficient group, n=20 and Low or Normal group, n=57) were enrolled.
Histology, hemoglobin, serum albumin levels, Glasgow Prognostic Score (GPS), neutrophile-lymphocyte ratio (NLR),
prognostic nutrition index (PNI) and Controlling Nutritional Status (CONUT) were significantly different between
the two groups. Of these parameters, only serum albumin level was significantly associated with serum Zn level
(p=0.0024; estimated regression coefficient, 9.51; adjusted coefficient of determination, 0.28).

Conclusions: Poor nutritional status at the initial diagnosis may have affected Zn deficiency in initial

malignant lymphoma.
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Introduction

Zinc (Zn) is an essential trace element required for various
biological processes in the human body. Zn has functional roles
in enzyme activation and immune function.'* The five distinct
phases of an immune response include: recognition, activation,
proliferation, effector function, and memory.® Zn deficiency is
associated with protein-energy malnutrition in the elderly.® Zn
is involved in various diseases and plays different roles in
maintaining a healthy status of humans. Some of the examples
are as follows: Zn metabolism is disrupted in liver cirrhosis’;
serum Zn concentration is involved in chronic liver diseases, as
reported by Nishikawa ef al.%; a decrease in serum Zn levels
is used for prognosis prediction in acute myocardial infarction,
as reported by Singh et al.’; Zn administration improves renal
anemia in erythropoietin-refractory renal anemia patients, as
reported by Fukushima et al.'° and Zn deficiency anemia in
blood diseases.!!

In malignant tumors, tumor-induced expenditure and a
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decrease in the nutritional state may reduce serum Zn levels, but
the details of this mechanism remain unknown. Active oxygen
can act as a direct or an indirect cause of Zn reduction in lifestyle
diseases, aging, and carcinogenic processes. Active oxygen is
involved in the onset or exacerbation of 90% of diseases, and
Zn is a strong, active oxygen-inhibiting factor. Metals such
as Cu, Zn, Mn, Fe, and Se are bound to the active center
of superoxide dismutase, an active oxygen-scavenging enzyme.
Previous reports have revealed an association between Zn
deficiency and low T-lymphocyte count in head and neck cancer
patients.!>!® However, in malignant lymphoma, it is unknown
whether decreased Zn is specific to this disease.

In a previous study, we reported Zn deficiency in patients
with hematological malignancies.'* Furthermore, Zn deficiency
reported also cause dermatitis, diarrhea, depression, impaired
taste and decreased appetite in elderly.’® Zn deficiency can
adversely affect malignant lymphoma. However, the relationship
between serum Zn levels and peripheral blood factors and
nutritional factors has not been established in lymphoma
patients. Thus, in this survey we aimed to investigate the
relationship between those factors and serum Zn levels as
well as the factors affecting for Zn level in lymphoma
patients. Understanding these relationships, and whether Zn
supplementation can result in the recovery of the associated
factors is of importance in the context of lymphoma patients.
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Methods

Subjects

Patients with an initial diagnosis of malignant lymphoma,
whose Zn serum levels had been measured prior to undergoing
chemotherapy, were included in this study. Patients included
were those admitted to the Division of Haematology at Fujita
Health University Hospital between April 2011 and March 2019.
Patients who had taken any Zn containing medication were
excluded from the study, as were patients who had undergone
gastric and/or ileocecal resection.

Investigations

Date on patient characteristics included in the analysis were:
age, sex, performance status (PS), clinical stage (CS), histology,
height (HT), body weight (BW), body surface area (BSA),
body mass index (BMI) and laboratory parameters (white blood
cell, hemoglobin level, total lymphocyte counts (TLC), CD3*,
CD4*, CD8* and CD20* lymphocyte counts). As nutritional
factors, we investigated serum albumin levels (Alb), Glasgow
Prognostic Score (GPS), neutrophil-lymphocyte ratio (NLR),
platelet-lymphocyte ratio (PLR), prognostic nutrition index (PNI)
and controlling nutritional status (CONUT), were obtained from
electronic medical records. GPS was calculated by combining
C-reactive protein and Alb levels!®; PNI was calculated using
the formula PNI=10xAlb+0.005xTLCY; and CONUT was
calculated using Alb, TLC, and total cholesterol levels.'8

According to facility reference values and previous reports,
we defined two groups of Zn deficiency. The serum Zn levels
higher than or equal to 80 pg/dL were defined as “normal,”
levels between 60 and 79 pg/dL were defined as “low,” and levels
lower than 60 pg/dL were defined as “deficient”. We defined the
two groups as “deficient” and “low or normal” groups.!®? We
investigated the comparison of peripheral blood and nutritional
marker between the two groups. The correlation between serum
Zn level and age, BSA, BMI, peripheral blood factors, and
nutritional factors was also examined.

Determination of serum Zn levels and lymphocyte subsets

Serum Zn levels were measured by BM6010 analysis
(JEOL Ltd., Tokyo, Japan) using 2- (5-bromo-2-pyridylazo)-5-(N-
propyl-N-sulfopropylamino) phenol; a chelate compound of Zn.
CD47*, CD8" and CD20* lymphocyte counts were established
using a Cytomics FC500 (Beckman Coulter Inc., Calif.,, USA).
For measurement of lymphocyte counts, we used an FITC-
labelled CD4 murine monoclonal IgG antibody fraction, a PE-
labelled CD8 murine monoclonal IgG antibody fraction, and
a PE-labelled CD20 murine monoclonal IgG antibody fraction
(Beckman Coulter).

Statistical analysis

Normally  distributed variables were expressed as
means=*standard deviations, whereas non-normally distributed
variables were expressed as medians and interquartile ranges.
Chi-square or Fisher’s exact tests and Mann-Whitney U-tests
were used to analyse the relationship between Zn levels and
categorical variables and continuous variables, respectively.
Spearman’s correlation coefficient was used to evaluate
correlations among continuous variables. Zn levels related other
factors considered with a correlation coefficient r,>0.2. Linear
regression was used to investigate the multivariate associations
with serum Zn levels. Explanatory variables were selected from

60

significant factors (»<0.05) in the comparison between the two
groups, in addition to age, which was an important factor in the
previous studies.?! The R Statistical Package (The R Foundation
for Statistical Computing, Vienna, Austria version 3.5.2) was used
for all statistical analyses, and differences with p<0.05 were
considered significant.

Ethics

The present retrospective study was approved by the Fujita
Health University School of Medicine Epidemiological and
Clinical Research Ethics Committee. All procedures performed
in this study involving human participant were in accordance
with the ethical standards of the institutional and/or national
research committee and with the Declaration of Helsinki and its
later amendments or comparable ethical standards. There was a
limitation in gathering information because this study involved
a retrospective investigation. We confirmed the tolerance level
in the extent necessary in daily and gathered information on the
condition, which was constant.

Results

Patients

A total of 77 patients were identified and classified as
7Zn deficient (n=20), low Zn levels (n=45), and normal Zn
levels (n=12). These baseline characteristics of the 77 patients
included in our analysis are listed Table 1. There were no
statistically significant differences in age, sex, PS, CS, HT, BW,
BSA, and BMI between the two groups. The histology was
significantly different between the two groups. Median Zn levels
were 67 (61-75) pg/dL for patients aged below 75 years (n=50)
and 63 (568-73) ug/dL for patients aged abhove 75 years (n=27),
with no significant differences between the two groups. There
were no significant differences in serum Zn level among patients
with diffuse large B-cell lymphoma, and follicular lymphoma.

Comparison of peripheral blood and nutritional marker in
two groups

Hemoglobin, serum albumin levels, GPS, NLR, PNI and
CONUT were significantly different between the two groups
(Table 2). There were no significant differences in white blood
cell counts, TLC, CD3* lymphocyte, CD4* lymphocyte, CD8*
lymphocyte, CD20* lymphocyte, PLR between the two groups.

Association between serum Zn level and peripheral blood factors

The correlations between serum Zn level and other peripheral
factors such as white blood cell count, hemoglobin, TLC,
and CD3*, CD4*, CD8* and CD20* lymphocyte counts were
analysed (Figure 1). When the peripheral factors were assessed
as continuous variables, there were weak but significant positive
associations between serum Zn levels and total lymphocyte
count (ry=0.27, p<0.05), haemoglobin (r,=0.45, p<0.05), CD3*
lymphocyte count (r,=0.22, p<0.05), and CD8* lymphocyte
count (r;=0.23, p<0.05). CD4* lymphocyte count was weakly
and not significantly associated with serum Zn levels (r,=0.22,
p=0.054). White blood cell count and CD20* lymphocyte
count had no correlation with Zn levels (r,=0.027, p=0.814,
r,=0.17, p=0.12).

Assoctation between serum Zn level and nutritional factors
The correlations between serum Zn level and other nutritional
factors such as serum Alb, GPS, NLR, PLR, PNI and CONUT
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Table 1 Patients’ characteristics

All (n=77) Deficient (n=20) Low or Normal (n=57) P-value
Age median (years) 68.0 (59.0-77.0) 73.0 (58.7-77.5) 67.0 (59.0-76.0) 0.40
Sex Male/Female 40/37 9/11 31/26 0.60
PS (0-2/3, 4) 58/19 11/9 47/10 0.11
CS (1/2/3/4) 11/15/8/43 2/5/2/11 9/10/6/32 0.91
Histology
HL 1 0 1
NHL 76 20 56
B cell 71 17 54
DLBCL/FL/others 47/10/14 17/0/0 30/10/14 0.001
T cell 4 2 2
NK cell 1 1 0
HT (cm) 159 (151-166) 156 (150-165) 160 (151-166) 0.38
BW (kg) 51.2 (45.7-60.1) 53.1 (45.2-56.3) 51.0 (45.7-61.7) 0.54
BSA (m?) 1.5 (1.3-1.6) 1.5 (1.3-1.6) 1.5 (1.3-1.6) 0.61
BMI (kg/m?) 20.9 (18.9-23.1) 20.3 (19.2-22.9) 21.0 (18.9-23.1) 0.41
Serum Zn level (ug/dL) 65.0 (59.0-75.0) 51.0 (42.7-57.2) 70.0 (63.0-77.0) <0.001

Variables that did conform to a normal distribution are expressed as the median (interquartile range). PS, Performance Status; CS, Clinical Stage; HL,
Hodgkin’s lymphoma; NHL, Non-Hodgkin lymphoma; DLBCL, Diffuse large B-cell lymphoma; FL, Follicular lymphoma; HT, Height; BW, Body Weight;

BSA, Body Surface Area; BMI, Body Mass Index

Table 2 Comparison of peripheral blood and nutritional markers of each group

Factor All (n=77) Deficient (n=20) Low or Normal (n=57) P-value
White blood cell (X 10%/uL) 6.0 (4.7-7.4) 6.0 (4.8-9.0) 6.0 (4.5-6.6) 0.48
Hemoglobin (g/dL) 12.1 (11.4-13.6) 11.6 (10.4-12.6) 12.5 (11.7-14.1) 0.017
Total lymphocyte counts (X 10%uL) 1,062 (704-1,760) 1,038 (438-1,306) 1,080 (756-1,798) 0.11
CD3* lymphocyte (counts/uL) 761 (446-1,183) 711 (157-1,118) 762 (476-1,189) 0.27
CD4* lymphocyte (counts/uL) 394 (255-616) 327 (107-657) 406 (273-600) 0.40
CD8* lymphocyte (counts/uL) 284 (163-537) 232 (49-355) 287 (166-585) 0.088
CD20* lymphocyte (counts/pL) 101 (42-168) 104 (18-172) 103 (49-161) 0.61
Albumin (g/dL) 4.0 (3.4-4.3) 3.4 (2.5-3.9) 4.1 (3.6-4.4) 0.0020
GPS (0/1/2) 39/19/19 5/4/11 34/15/8 0.0020
NLR 3.4(2.3-5.4) 5.1 (2.7-11.4) 3.1(2.3-4.5) 0.039
PLR 186.7 (114.5-299.3) 194.5 (108.8-476.7) 186.5 (121.2-257.1) 0.47
PNI 46.0 (34.7-50.4) 35.3 (27.1-46.5) 48.2 (40.4-52.0) 0.0020
CONUT 2.5 (1.0-5.7) 4.5 (2.0-8.0) 2.0 (1.0-4.0) 0.026

Variables that did not conform to a normal distribution are expressed as the median (interquartile range). GPS, Glasgow Prognostic Score; NLR,
Neutrophile-lymphocyte ratio; PLR, Platelet-lymphocyte ratio; PNI, Prognostic nutrition index; CONUT, Controlling Nutritional Status

were analysed (Figure 2). When the nutritional factors were
assessed as continuous variables, serum albumin levels were
positive associated with serum Zn levels (r;=0.54, p<0.05)
and PNI (r,=0.51, p<0.05). There were significant negative
associations between GPS (r,=-0.50, p<0.05), NLR (r,=-0.30,
p<0.05) and CONUT (r,=-0.41, p<0.05) and Zn levels.

Alffecting factors

The factors appearing to affect serum Zn level were further,
examined using multiple linear regression analysis. Serum Zn
level was used as the response variable and age, NLR and
hemoglobin level as explanatory variables. GPS, PNI, and
CONUT, which used Alb in their calculations, were excluded
from the explanatory variables because of multicollinearity with
Alb. Only serum albumin level was significantly associated with
serum Zn level (p=0.0024; estimated regression coefficient, 9.51;
adjusted coefficient of determination, 0.28) (Table 3).

Discussion

In the present study, 84.3% of patients with malignant
lymphoma had low or deficient serum Zn levels, and one quarter
of these patients were in a state of Zn deficiency. These results
corresponded with those of our previous study.!* In addition,
serum Zn levels were positively correlated with serum albumin
levels, total lymphocyte count, CD3* and CD8* lymphocyte
counts and PNI. Multiple linear regression analysis revealed
serum albumin level to be a significant affecting factor.

One reason for the apparent relationship between albumin and
Zn levels could be due to a decrease in albumin resulting in a
decrease in protein-bound Zn levels. In the blood, albumin and
60%-70% of absorbed Zn exists as loosely bound elements. A
lack of Zn intake or increased urinary excretion of Zn induced
by hypoalbuminemia may also contribute to this relationship.
Reserve proteins, such as ferritin in iron, cannot bind to Zn. With
regard to Zn absorption, Kambe et al. reported that Zip4 and Zip5,
which are Zn transporters in small intestinal epithelial cells, are
important for Zn balance and are involved in Zn ion homeostasis.
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Figure 1

Spearman correlation analysis of serum Zn level and peripheral blood factors.

Correlations between serum Zn levels and peripheral blood factors including white blood cell, hemoglobin, total lymphocyte count (TLC), CD3*, CD4*,

CD8*and CD20* lymphocyte counts.

Insufficient Zn levels increase Zip4 expression and prevent
degradation of Zip4 expression.?? In a state of undernutrition,
this absorption mechanism does not function normally, and Zn
homeostasis maintenance in the body may fail.

In the present study, median serum Zn levels of patients
presenting with lymphoma for the first time were 65 (59-
75) ng/dL. The median age was 68 (59-77), with 27 patients
(35.0%) aged above 75 years. Compared with the mean
value of 87.5+11.2 (min 65, max 110) pg/dL, which is the
reference value of serum Zn levels in healthy human body, Zn
levels were 20 pg/dL lower in these patients with lymphoma.
The NHANES II study conducted in the United States from
1976 to 1980 reported Zn levels in 14,770 people from the
general population.”> NHANES II revealed that the Zn levels
(mean=standard deviation, pg/dL) were 89.1+0.63 for males
aged 45-64 years, 85.6+0.79 for males aged 64-74 years, and
84.4+0.53 for females aged 45-64 years, 83.5+0.53 for females
aged 65-74 years. The results of our study clearly show that
serum Zn levels are lower than those in the survey in the United
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States, even though conditions, such as specimen collection
methods, measurement precision of serum Zn levels, racial
differences or differences in diet and other lifestyle parameters,
did not differ between our study and the survey. In addition, as
serum Zn levels decrease with age, it is necessary for the elderly
to be aware of the possihility of Zn deficiency. In Japan, Kurasawa
et al. investigated the serum Zn concentration of 1,431 Japanese
individuals and reported that in 20% of all adults, Zn levels were
below 65 pg/dL, at the lower limit of the reference value, and
many patients showed Zn deficiency as they aged.?! The elderly
population is prone to Zn deficiency, and Zn supplementation of
15 mg per day, the adult requirement, or more, is necessary.
It has also been reported that Zn deficiency is more frequent
particularly in those over 75 years-old. Patients above the age
of 75 constituted 35.0% of all subjects in this study. However,
albumin level was shown to be an independent factor affecting
serum Zn level by multiple linear regression analysis; thus, it is
possible to exclude the effects of age.

For all cases in this study, measurement of serum Zn levels



Fujita Medical Journal 2022 Volume 8 Issue 2

4.5 o *
Q 3.5
< 55 *
. () - 05
15 ’.. §<0005
2 M,ez M’
(0))] P<
&5 1 "'o ° %08
0 ofBS, i, o
e o B 030 [ [ ] _ [ _. )
PR E I
= ®
= 40
20
0 i&.. .\‘h a . <
ry=-021 ® r.=-033 r,= 031 L]
P 0.055 P <0.05 P<005
« 1000-|° -
—
a 500
Z
o
|_
-
b4
O
© b r,= 063
P <005

40 80
Zn

2 3 4
Alb

0 1 20 4080 0 1000 2040
GPS

NLR PLR PNI

Figure 2 Spearman correlation analysis of serum Zn level and peripheral nutritional factors.
Correlations between serum Zn levels and peripheral nutritional factors including albumin (Alb), Glasgow Prognostic Score (GPS), neutrophile-
lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), prognostic nutrition index (PNI) and Controlling Nutritional Status (CONUT).

Table 3 Linear regression analysis of serum Zn level and other factors

Estimate 95%CI S.D. T-value P-value
Age 0.0045 —0.24-0.24 0.12 0.037 0.97
Alb 9.51 3.48-15.53 3.02 3.14 0.0024
Hb 1.09 —-1.11-3.30 1.10 0.98 0.32
NLR -0.042 —0.25-0.17 0.10 -0.39 0.69

adjusted R-squared: 0.28, p-value: 0.00001

95% CI, 95% confidence interval; S.D., standard deviation; Alb, albumin; Hb, Hemoglobin level; NLR, Neutrophile-lymphocyte ratio

was performed at the regular blood collection laboratory every
morning during clinical practice. Zn levels in the blood comprise
only about 1% of whole body Zn content, and physical activities
and stress can cause an internal shift to the liver and other
tissues. Serum Zn concentration has been reported to be at its
maximum at 8 a.m. and at its minimum at 3 p.m.?* In the Japanese
survey, for all adult age groups, Zn levels were higher in cases
where blood collection occurred in the morning (532 cases) than
in the afternoon (551 cases), with Zn levels (meanzstandard
deviation) at 75.0+12.3 pg/dL and 65.2+9.7 pg/dL, respectively.
Individuals who underwent morning blood collection, on average
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had Zn levels around 10 pg/dL higher than those of who
underwent blood collection in the afternoon, suggesting the
existence of circadian variation in the population.?®

Zn levels in red blood cells are 10-fold higher compared with
those in serum, and Zn in white blood cells are 10-fold higher
compared with those of red blood cells.?® Thus, when measuring
serum Zn, it is necessary to perform serum separation rapidly
after blood collection to prevent the elution of Zn in blood cells.
Although some advocate using Zn concentration in white blood
cells in the diagnosis of Zn deficiency, it is common to use
serum Zn as it is clinically easy to measure. In this study, blood
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collection was performed before 8 a.m., when serum Zn level is
expected to be closer to the maximum value.

Takeda et al. have shown that many enzymes involved in
the degradation of extracellular adenosine triphosphates (ATPs)
are Zn-requiring enzymes. As such, Zn insufficiency causes the
accumulation of ATPs outside of cells, as well as a decrease
in adenosine, a degradation product of ATP causing various
symptoms of Zn deficiency.?® Lower serum Zn levels are
associated with higher possibility of developing Zn deficiency,
although high values within the “reference value” may lead to Zn
deficiency. Therefore, it is important to compare serum Zn levels
with clinical symptoms and perform an integrated evaluation. We
believe that such an evaluation should be applied to patients with
malignant lymphoma.

There are several limitations to the present study. First, this
study was observational study and not a randomized controlled
trial. Second, we did not measure other trace elements such as
copper and iron. However, to the best of our knowledge, this
study is the first to report that Alb correlates with serum Zn in
malignant lymphoma. Poor nutritional status at initial diagnosis
may have affected serum zinc levels in lymphoma patients.

Acknowledgments

We thank the participating patients and the staff of the
hematological ward of Fujita Health University Hospital.

Funding

Research funds: Perseus Proteomics Inc, Novartis Pharma
K.K., Pfizer Japan Inc, Chugai Pharmaceutical Co., Ltd, Kyowa
Kirin Ltd., Ono Pharmaceutical Co., Ltd., Tatho Pharmaceutical
Co., Ltd.

Lecture fee: Chugai Pharmaceutical Co., Ltd.

References

1. Keen CL, Gershwin ME. Zinc deficiency and immune function. Annu
Rev Nutr 1990; 10: 415-31.

2. Prasad AS. Discovery of human zinc deficiency and studies in an
experimental human model. Am J Clin Nutr 1991; 53: 403-12.

3. Chowdhury BA, Chandra RK. Biological and health implications of
toxic heavy metal and essential trace element interactions. Prog Food
Nutr Sci 1987; 11: 55-113.

4. Tanaka Y, Shiozawa S, Morimoto I, Fujita T. Role of zinc in
interleukin 2 (IL-2)- mediated T-cell activation. Scand ] Immunol
1990; 31: 547-52.

5. Chandra RK, Mcbean LD. Zinc and Immunity. Nutrition 1994; 10:
79-80.

6. Lesourd BM. Nutrition and immunity in the elderly: modification of
immune responses with nutritional treatments. Am J Clin Nutr 1997,
66: 4785-84S.

7. Vallee BL, Wacker WE, Bartholomay AF, Hoch FL. Zinc metabolism
in hepatic dysfunction. II. Correlation of metabolic patterns with
biochemical findings. N Engl ] Med 1957; 257: 1055-65.

8. Nishikawa H, Enomoto H, Yoh K, Iwata Y, Sakai Y, Kishino K, Ikeda
N, Takashima T, Aizawa N, Takata R, Hasegawa K, Ishii N, Yuri Y,
Nishimura T, Iijima H, Nishiguchi S. Serum zinc concentration and
quality of life in chronic liver diseases. Medicine (Baltimore) 2020;
99: €18632.

9. Singh R, Mehrotra MP, Singh MM, Jain VK, Sharma SK, Kumar
P. Serum zinc in myocardial infarction: diagnostic and prognostic
significance. Angiology 1983; 34: 215-21.

10. Fukushima T, Horike H, Fujiki S, Kitada S, Sasaki T, Kashihara N.

64

Zinc deficiency anemia and effects of zinc therapy in maintenance
hemodialysis patients. Ther Apher Dial 2009; 13: 213-9.

Nishiyama S, Inomoto T, Nakamura T, Higashi A, Matsuda I. Zinc
status relates to hematological deficits in women endurance runners.
J Am Coll Nutr 1996; 15: 359-63.

Prasad AS, Beck FW, Grabowski SM, Kaplan J, Mathog RH. Zinc
deficiency: changes in cytokine production and T-cell subpopulations
in patients with head and neck cancer and in noncancer subjects. Proc
Assoc Am Physicians 1997; 109: 68-77.

Sangthawan D, Phungrassami T, Sinkitjarurnchai W. Effects of zinc
sulfate supplementation on cell-mediated immune response in head
and neck cancer patients treated with radiation therapy. Nutr Cancer
2015; 67: 449-56.

Horie M, Ito K, Hayashi T, Ando M, Tokuda M, Inaguma Y, Fukui
A, Hayakawa N, Emi N,Ohtsu F, Tanabe K, Goto N, Yamada S.
Investigation of blood levels of zinc, vitamin B12 and folate in
patients with haematological malignancy. Fujita Medical Journal 2017;
3: 76-80.

Montgomery SC, Streit SM, Beebe ML, Maxwell P]. Micronutrient
needs of the elderly. Nutr Clin Pract 2014; 29: 435-44.

Forrest LM, McMillan DC, McArdle CS, Angerson W], Dunlop DJ.
Evaluation of cumulative prognostic scores based on the systemic
inflammatory response in patients with inoperable non-small-cell
lung cancer. Br J Cancer 2003; 89: 1028-30.

Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in
gastrointestinal surgery of malnourished cancer patients. Nihon Geka
Gakkai Zasshi 1984; 85: 1001-5 (in Japanese).

Ignacio de Ulibarri ], Gonzalez-Madrofio A, de Villar NG, Gonzilez
P, Gonzilez B, Mancha A, Rodriguez F, Fernindez G. CONUT: a
tool for controlling nutritional status. First validation in a hospital
population. Nutr Hosp 2005; 20: 38-45.

Kodama H, Tanaka M, Naito Y, Katayama K, Moriyama M. Japan’s
Practical Guidelines for Zinc Deficiency with a Particular Focus on
Taste Disorders, Inflammatory Bowel Disease, and Liver Cirrhosis.
Int J Mol Sci 2020; 21: 2941.

Tomita H, Tanaka M, Ikui A. Clinical standard value for diagnosis
of zinc deficiency by the serum zinc value on the basis of
evidence. Biomedical Research on Trace Element 2007; 18: 54-62
(in Japanese).

Kurasawa R, Kubori S, Kamioka H, Okada S, Matsumura O. Zinc
deficiency in aged residents and lowered serum-zinc-concentration as
population level in the same rural region. Biomedical Research on
Trace Element 2005; 16: 61-5 (in Japanese).

Kambe T, Yamaguchi-Iwai Y, Sasaki R, Nagao M. Overview of
mammalian zinc transporters. Cell Mol Life Sci 2004; 61: 49-68.
Pilch SM, Senti FR. Assessment of the zinc nutritional status of
the U.S. population based on date collected in the Second National
Health and Nutrition Examination Survey, 1976-80. Bethesda, MD:
Life Sciences Research Office, Federation of American Societies for
Experimental Biology; 1985.

Lifschitz MD, Henkin RI. Circadian variation in copper and zinc in
man. ] Appl Physiol 1971; 31: 88-92.

Whitehouse RS, Prasad AS, Rabbani PI, Cossack ZT. Zinc in
plasma, neutrophils, lymphocytes, and erythrocytes as determined
by flameless atomic absorption spectrophotometry. Clin Chem 1982;
28: 475-80.

Takeda T, Miyazaki S, Kobayashi M, Nishino K, Goto T, Matsunaga
M, Ooi M, Shirakawa H, Tani F, Kawamura T, Komai M, Kambe
T. Zinc deficiency causes delayed ATP clearance and adenosine
generation in rats and cell culture models. Commun Biol 2018;
1: 113.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Copyright©2022 Misaki Morisaku et al.

This is an Open access article distributed under the Terms of
Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original
author(s) and source are credited.



