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Abstract Background/purpose: Our previous study found 109 gastric parietal cell antibody
(GPCA)-positive burning mouth syndrome (BMS) patients (so-called GPCAþBMS patients in this
study) in a group of 884 BMS patients. This study evaluated whether high-titer (GPCA titer �
160) GPCAþBMS patients had greater frequencies of macrocytosis, anemia, serum iron and
vitamin B12 deficiencies, and hyperhomocysteinemia than low-titer (GPCA titer < 160)
GPCAþBMS patients or 442 healthy control subjects.
Materials and methods: Complete blood count, serum iron, vitamin B12, folic acid, homocys-
teine, and GPCA levels in 42 high-titer GPCAþBMS patients, 67 low-titer GPCAþBMS patients,
and 442 healthy control subjects were measured and compared.
Results: We found that 33.3%, 38.1%, 19.0%, 33.3%, 2.4%, and 57.1% of 42 high-titer GPCAþBMS
patients and 10.4%, 25.4%, 14.9%, 6.0%, 1.5%, and 11.9% of 67 low-titer GPCAþBMS patients
were diagnosed as having macrocytosis, blood hemoglobin, iron, vitamin B12, and folic acid de-
ficiencies, and hyperhomocysteinemia, respectively. Moreover, both 42 high-titer and 67 low-
titer GPCAþBMS patients had significantly greater frequencies of macrocytosis, blood hemoglo-
bin, serum iron and vitamin B12 deficiencies, and hyperhomocysteinemia than 442 healthy con-
trol subjects (all P-values < 0.001). In addition, 42 high-titer GPCAþBMS patients also had
greater frequencies of macrocytosis, serum vitamin B12 deficiency, and hyperhomocysteine-
mia than 67 low-titer GPCAþBMS patients (all P-values < 0.01).
Conclusion: The high-titer GPCAþBMS patients have significantly greater frequencies of macro-
cytosis, anemia, serum iron and vitamin B12 deficiencies, and hyperhomocysteinemia than
healthy control subjects and significantly greater frequencies of macrocytosis, serum vitamin
B12 deficiency, and hyperhomocysteinemia than low-titer GPCAþBMS patients.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Our previous study found that 19.3%, 30.3%, 16.5%, 16.5%,
1.8%, and 29.4% of 109 gastric parietal cell antibody
(GPCA)-positive burning mouth syndrome (BMS) patients
(so-called GPCAþBMS patients in this study) have macro-
cytosis (defined as having the mean corpuscular volume or
MCV � 100 fL), blood hemoglobin (Hb), iron, vitamin B12,
folic acid deficiencies, and hyperhomocysteinemia,
respectively.1 The serum GPCA positivity may cause
destruction of gastric parietal cells that produce intrinsic
factor and hydrochloric acid. Intrinsic factor and hydro-
chloric acid are responsible for vitamin B12 and iron ab-
sorption, respectively.2e6 Moreover, severe vitamin B12
deficiency may result in macrocytosis, anemia, and hyper-
homocysteinemia. Thus, GPCA-positive patients are prone
to have macrocytosis, anemia, serum vitamin B12 defi-
ciency, and hyperhomocysteinemia.1e18

Our previous study found 109 GPCAþ BMS patients in a
group of 884 BMS patients.1 In this study, if GPCAþBMS pa-
tients’ sera were scored as positive for GPCA at a dilution of
10-fold or 20-fold by indirect immunofluorescence, they
were regarded as having a GPCA titer of 10 or 20, respec-
tively. By this definition, we found that 42 of 109 GPCAþBMS
patients have GPCA titers � 160 (so-called high-titer
GPCAþBMS patients) and 67 of 109 GPCAþBMS patients
have GPCA titers < 160 (so-called low-titer GPCAþBMS pa-
tients).1 In this study, complete blood count, serum iron,
vitamin B12, folic acid, homocysteine, and serum GPCA
levels in 42 high-titer GPCAþBMS patients, 67 low-titer
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GPCAþBMS patients, and 442 healthy control subjects
were measured and compared. We tried to find out whether
high-titer GPCAþBMS patients had greater frequencies of
macrocytosis, anemia, serum iron and vitamin B12 de-
ficiencies, and hyperhomocysteinemia than low-titer
GPCAþBMS patients or 442 healthy control subjects. In
addition, we also evaluated whether 67 low-titer
GPCAþBMS patients still had significantly higher fre-
quencies of macrocytosis, anemia, serum iron and vitamin
B12 deficiencies, and hyperhomocysteinemia than 442
healthy control subjects.

Materials and methods

Subjects

In this study, 42 high-titer GPCAþBMS patients (11 men and
31 women, age range 34e80 years, mean age 59.8 � 10.6
years) and 67 low-titer GPCAþBMS patients (15 men and 52
women, age range 21e85 years, mean age 56.2 � 14.5
years) were selected from 884 BMS patients reported in
our previous study.1 For two BMS patients, one age- (�2
years of each patient’s age) and sex-matched healthy
control subject was selected. Thus, 442 age- (�2 years of
each patient’s age) and sex-matched healthy control
subjects (106 men and 336 women, age range 18e90 years,
mean 57.5 � 13.5 years) were selected and included in this
study.16 All the BMS patients and healthy control subjects
were seen consecutively, diagnosed, and treated in
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Hospital (NTUH) from July 2007 to July 2017. Patients were
diagnosed as having BMS when they complained of burning
sensation and other symptoms of the oral mucosa but no
apparent clinical oral mucosal abnormality was
found.1,16e20 The detailed inclusion and exclusion criteria
for our BMS patients and healthy control subjects have
been described previously.1,16e20 In addition, none of the
BMS patients had taken any prescription medication for
BMS at least 3 months before entering the study.

The blood samples were drawn from GPCAþBMS
patients and healthy control subjects for the measure-
ment of complete blood count, serum iron, vitamin B12,
folic acid, and homocysteine concentrations, and the
serum GPCA positivity. All GPCAþBMS patients and healthy
control subjects signed the informed consent forms
before entering the study. This study was reviewed and
approved by the Institutional Review Board at the NTUH
(201212066RIND).

Determination of blood hemoglobin, iron, vitamin
B12, folic acid, and homocysteine concentrations.

The complete blood count and serum iron, vitamin B12,
folic acid, and homocysteine concentrations were deter-
mined by the routine tests performed in the Department of
Laboratory Medicine, NTUH.1,16e20

Determination of serum gastric parietal cell
antibody level

The serum GPCA level was detected by the indirect
immunofluorescence technique with rat stomach as a sub-
strate as described previously.1,16e20 Sera were scored as
positive when they produced fluorescence at a dilution of
10-fold or more. Moreover, if GPCAþBMS patients’ sera were
scored as positive for GPCA at a dilution of 10-fold or 20-
fold, they were regarded as having a GPCA titer of 10 or
20, respectively. In this study, high-titer GPCAþBMS pa-
tients were defined as having the GPCA titers � 160 and
low-titer GPCAþBMS patients were defined as having the
GPCA titers < 160.

Statistical analysis

Comparisons of the mean corpuscular volume (MCV) and
mean blood concentrations of Hb, iron, vitamin B12, folic
acid, and homocysteine between 42 high-titer GPCAþBMS
patients or 67 low-titer GPCAþBMS patients and 442 healthy
control subjects as well as between 42 high-titer GPCAþBMS
patients and 67 low-titer GPCAþBMS patients were per-
formed by Student’s t-test. The differences in frequencies
of macrocytosis, blood Hb, iron, vitamin B12, and folic acid
deficiencies, and hyperhomocysteinemia between 42 high-
titer GPCAþBMS patients or 67 low-titer GPCAþBMS pa-
tients and 442 healthy control subjects as well as between
42 high-titer GPCAþBMS patients and 67 low-titer
GPCAþBMS patients were compared by chi-square test.
The result was considered to be significant if the P-value
was less than 0.05.
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Results

The MCV, mean blood concentrations of Hb, iron, vitamin
B12, folic acid, and homocysteine in 42 high-titer
GPCAþBMS patients, 67 low-titer GPCAþBMS patients, and
442 healthy control subjects are shown in Table 1. Because
men usually had higher blood levels of Hb and iron than
women, these two mean levels were calculated separately
for men and women. We found that 42 high-titer GPCAþBMS
patients had significantly lower mean blood Hb (for men
and women), iron (for men and women), and vitamin B12
levels as well as significantly higher MCV and mean serum
homocysteine levels than 442 healthy control subjects (all
P-values < 0.001, Table 1) and significantly lower mean
serum iron (for men only) and vitamin B12 levels as well as
significantly higher mean serum homocysteine levels than
67 low-titer GPCAþBMS patients (all P-values < 0.01, Table
1). Moreover, 67 low-titer GPCAþBMS patients had signifi-
cantly lower mean blood Hb (for men and women) than 442
healthy control subjects (both P-values < 0.01, Table 1).

According to the World Health Organization (WHO)
criteria, macrocytosis of erythrocyte was defined as having
an MCV � 100 fL,7e9 and men with Hb < 13 g/dL and women
with Hb < 12 g/dL were defined as having Hb deficiency or
anemia.21 Furthermore, patients with the serum iron level
< 60 mg/dL,22 the serum vitamin B12 level < 200 pg/mL,23

or the folic acid level < 4 ng/mL24 were defined as having
iron, vitamin B12 or folic acid deficiency, respectively. In
addition, patients with the blood homocysteine level >
12.3 mM (which was the mean serum homocysteine level of
healthy control subjects plus two standard deviations) were
defined as having hyperhomocysteinemia.16 By the above-
mentioned definitions, we found that 33.3%, 38.1%,
19.0%, 33.3%, 2.4%, and 57.1% of 42 high-titer GPCAþBMS
patients and 10.4%, 25.4%, 14.9%, 6.0%, 1.5%, and 11.9% of
67 low-titer GPCAþBMS patients were diagnosed as having
macrocytosis, blood hemoglobin, iron, vitamin B12, and
folic acid deficiencies, and hyperhomocysteinemia,
respectively. Moreover, both 42 high-titer and 67 low-titer
GPCAþBMS patients had significantly greater frequencies
of macrocytosis, blood hemoglobin, serum iron and vitamin
B12 deficiencies, and hyperhomocysteinemia than 442
healthy control subjects (all P-values < 0.001, Table 2). In
addition, 42 high-titer GPCAþBMS patients also had greater
frequencies of macrocytosis, serum vitamin B12 deficiency,
and hyperhomocysteinemia than 67 low-titer GPCAþBMS
patients (all P-values < 0.01, Table 2).

Discussion

The main finding of this study was that 42 high-titer
GPCAþBMS patients had significantly greater frequencies of
macrocytosis, blood hemoglobin, serum iron and vitamin B12
deficiencies, and hyperhomocysteinemia than 442 healthy
control subjects. In addition, 42 high-titer GPCAþBMS pa-
tients also had greater frequencies of macrocytosis, serum
vitamin B12 deficiency, and hyperhomocysteinemia than 67
low-titer GPCAþBMS patients. Although the frequencies of
anemia and serum iron deficiency was higher in 42 high-titer



Table 1 Comparisons of mean corpuscular volume (MCV), mean blood concentrations of hemoglobin (Hb), iron, vitamin B12, folic acid, and homocysteine between 42 high-
titer (gastric parietal cell antibody or GPCA titer � 160) GPCA-positive burning mouth syndrome (GPCAþBMS) patients or 67 low-titer (GPCA titer < 160) GPCAþBMS patients and
442 healthy control subjects as well as between 42 high-titer GPCAþBMS patients and 67 low-titer GPCAþBMS patients.

Group MCV (fL) Hb (g/dL) Iron (mg/dL) Vitamin B12
(pg/mL)

Folic acid
(ng/mL)

Homocysteine
(mM)Men Women Men Women

High-titer GPCAþBMS
patients (n Z 42)

93.5 � 8.8 13.5 � 1.2 (n Z 11) 12.9 � 1.1 (n Z 31) 73.6 � 15.8 (n Z 11) 79.1 � 24.8 (n Z 31) 324.1 � 179.5 15.3 � 6.1 14.5 � 9.3

aP-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.517 <0.001
bP-value 0.086 0.147 >0.999 0.003 0.050 <0.001 0.684 <0.001
Low-titer GPCAþBMS

patients (n Z 67)
90.6 � 8.3 14.4 � 1.7 (n Z 15) 12.9 � 1.1 (n Z 52) 101.6 � 25.1 (n Z 15) 91.0 � 27.3 (n Z 52) 729.2 � 247.9 14.8 � 6.3 8.5 � 3.1

aP-value 0.735 0.009 <0.001 0.638 0.094 0.234 >0.999 0.483
Healthy control

subjects (n Z 442)
90.4 � 3.6 15.1 � 0.8 (n Z 106) 13.5 � 0.7 (n Z 336) 105.2 � 28.0 (n Z 106) 97.8 � 27.2 (n Z 336) 694.2 � 220.2 14.7 � 5.7 8.3 � 2.0

a Comparisons of means of parameters between 42 high-titer GPCAþBMS patients or 67 low-titer GPCAþBMS patients and 442 healthy control subjects by Student’s t-test.
b Comparisons of means of parameters between 42 high-titer GPCAþBMS patients and 67 low-titer GPCAþBMS patients by Student’s t-test.

Table 2 Comparisons of frequencies of macrocytosis (mean corpuscular volume or MCV � 100 fL), blood hemoglobin, iron, vitamin B12, and folic acid deficiencies, and
hyperhomocysteinemia between 42 high-titer (gastric parietal cell antibody or GPCA titer � 160) GPCA-positive burning mouth syndrome (GPCAþBMS) patients or 67 low-titer
(GPCA titer < 160) GPCAþBMS patients and 442 healthy control subjects as well as between 42 high-titer GPCAþBMS patients and 67 low-titer GPCAþBMS patients.

Group Patient number (%)

Macrocytosis
(MCV � 100 fL)

Hemoglobin deficiency
(Men < 13 g/dL,
women < 12 g/dL)

Iron deficiency
(<60 mg/dL)

Vitamin B12 deficiency
(<200 pg/mL)

Folic acid deficiency
(<4 ng/mL)

Hyperhomocysteinemia
(>12.3 mM)

High-titer GPCAþBMS patients (n Z 42) 14 (33.3) 16 (38.1) 8 (19.0) 14 (33.3) 1 (2.4) 24 (57.1)
aP-value <0.001 <0.001 <0.001 <0.001 0.142 <0.001
bP-value 0.007 0.233 0.765 <0.001 0.691 <0.001
Low-titer GPCAþBMS patients (n Z 67) 7 (10.4) 17 (25.4) 10 (14.9) 4 (6.0) 1 (1.5) 8 (11.9)
aP-value <0.001 <0.001 <0.001 <0.001 0.275 <0.001
Healthy control subjects (n Z 442) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 11 (2.5)

a Comparisons of frequencies of parameters between 42 high-titer GPCAþBMS patients or 67 low-titer GPCAþBMS patients and 442 healthy control subjects by chi-square test.
b Comparisons of frequencies of parameters between 42 high-titer GPCAþBMS patients and 67 low-titer GPCAþBMS patients by chi-square test.
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GPCAþBMS patients (38.1% and 19.0%, respectively) than in
67 low-titer GPCAþBMS patients (25.4% and 14.9%, respec-
tively), the differences were not significant (Table 2). The
high-titer GPCAþBMS patients were supposed to have more
destruction of their gastric parietal cells and thus they were
more likely to have severer deficiencies of intrinsic factors
and hydrochloric acid, finally resulting in having higher fre-
quencies of vitamin B12 and iron deficiencies than low-titer
GPCA þ BMS patients.2e6 The vitamin B12 is related to DNA
synthesis and red blood cell proliferation and generation.3,4,6

The iron is a component of Hb (other three components are
protoporphyrine IX, a-globin, and b-globin).19,20 Therefore,
severer deficiencies of vitamin B12 and iron could lead to
greater frequency of Hb deficiency or anemia in 42 high-titer
GPCAþBMS patients (38.1%) than in 67 low-titer GPCAþBMS
patients (25.4%) (Table 2).

In this study, of 14 high-titer GPCAþBMS patients with
macrocytosis, 14 had vitamin B12 deficiency and none had
folic acid deficiency. Moreover, of 7 low-titer GPCAþBMS
patients with macrocytosis, 3 had vitamin B12 deficiency
(vitamin B12 < 200 pg/mL), the other 4 had serum vitamin
B12 level between 200 pg/mL and 500 pg/mL, and none had
folic acid deficiency. These findings suggest that vitamin
B12 deficiency is the main contributing factor causing
macrocytosis in both high-titer and low-titer GPCA þ BMS
patients.6e9 The frequency of vitamin B12 deficiency was
significantly higher in 42 high-titer GPCAþBMS patients
(33.3%) than in low-titer GPCAþBMS patients (6.0%). This
could explain why a greater frequency of macrocytosis was
noted in 42 high-titer GPCAþBMS patients (33.3%) than in 67
low-titer GPCAþBMS patients (10.4%) (Table 2).

Homocysteine is formed during methionine meta-
bolism.25 Both vitamin B12 and folic acid function as co-
enzymes for the conversion of homocysteine to
methionine.26 Therefore, patients with vitamin B12 and/or
folic acid deficiencies may have hyperhomocysteinemia.
Supplement therapy with folic acid, vitamin B12, and
vitamin B6 can reduce blood homocysteine levels.27 Our
previous studies also demonstrated that supplementations
with vitamin BC capsules plus corresponding deficient
vitamin B12 and/or folic acid can reduce the abnormally
high serum homocysteine level to significantly lower levels
in patients with either atrophic glossitis or BMS.28,29 This
study demonstrated a higher frequency of hyper-
homocysteinemia in high-titer GPCAþBMS patients (57.1%)
than in low-titer GPCAþBMS patients (11.9%). Of the 24
high-titer GPCAþBMS patients with hyperhomocysteinemia,
13 (54.2%) had vitamin B12 deficiency and one (4.2%) had
folic acid deficiency. Of the 8 low-titer GPCAþBMS patients
with hyperhomocysteinemia, 4 (50.0%) had vitamin B12
deficiency and none (0.0%) had folic acid deficiency. These
findings suggest that GPCA-induced vitamin B12 deficiency
is the major contributing factor for hyperhomocysteinemia
in 24 high-titer and 8 low-titer GPCA þ BMS patients.25e27

Thus, the significantly higher frequency vitamin B12 defi-
ciency in 42 high-titer GPCAþBMS patients (33.3%) than in
67 low-titer GPCAþBMS patients (6.0%) could explain why a
greater frequency of hyperhomocysteinemia was found in
42 high-titer GPCAþBMS patients (57.1%) than in 67 low-
titer GPCAþBMS patients (11.9%) (Table 2).

This study discovered that both 42 high-titer and 67
low-titer GPCAþBMS patients had significantly greater
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frequencies of macrocytosis, blood hemoglobin, serum
iron and vitamin B12 deficiencies, and hyper-
homocysteinemia than 442 healthy control subjects. In
addition, 42 high-titer GPCAþBMS patients also had
greater frequencies of macrocytosis, serum vitamin B12
deficiency, and hyperhomocysteinemia than 67 low-titer
GPCAþBMS patients. Therefore, we conclude that the
high-titer GPCAþBMS patients have significantly greater
frequencies of macrocytosis, blood hemoglobin, serum
iron and vitamin B12 deficiencies, and hyper-
homocysteinemia than healthy control subjects and
significantly greater frequencies of macrocytosis, serum
vitamin B12 deficiency, and hyperhomocysteinemia than
low-titer GPCAþBMS patients.

Declaration of competing interest

The authors have no conflicts of interest relevant to this
article.

Acknowledgments

This study was partially supported by the grants (No. 102-
2314-B-002-125-MY3 and No. 105-2314-B-002-075-MY2) of
Ministry of Science and Technology, Taiwan.

References

1. Chiang ML, Wu YH, Chang JYF, Wang YP, Wu YC, Sun A. Anemia,
hematinic deficiencies, and hyperhomocysteinemia in gastric
parietal cell antibody-positive and -negative burning mouth
syndrome patients. J Formos Med Assoc 2021;120:819e26.

2. Taylor KB, Roitt IM, Doniach D, Coushman KG, Shapland C.
Autoimmune phenomena in pernicious anemia: gastric anti-
bodies. BMJ 1962;2:1347e52.

3. Oh RC, Brown DL. Vitamin B12 deficiency. Am Fam Physician
2003;67:979e86.

4. Snow CF. Laboratory diagnosis of vitamin B12 and folate defi-
ciency. A guide for the primary care physician. Arch Intern Med
1999;159:1289e98.

5. Taylor KB. Inhibition of intrinsic factor by pernicious anaemia
sera. Lancet 1959;2:106e8.

6. Lahner E, Annibale B. Pernicious anemia: new insights from a
gastroenterological point of view. World J Gastroenterol 2009;
15:5121e8.

7. Veda P. Evaluation of macrocytosis in routine hemograms. In-
dian J Hematol Blood Transfus 2013;29:26e30.

8. Kaferle J, Strzoda CE. Evaluation of macrocytosis. Am Fam
Physician 2009;79:203e8.

9. Aslinia F, Mazza JJ, Yale SH. Megaloblastic anemia and other
causes of macrocytosis. Clin Med Res 2006;4:236e41.

10. Chiang CP, Chang JYF, Wang YP, Wu YC, Wu YH, Sun A.
Significantly higher frequencies of anemia, hematinic de-
ficiencies, hyperhomocysteinemia, and serum gastric parietal
cell antibody positivity in atrophic glossitis patients. J Formos
Med Assoc 2018;117:1065e71.

11. Chiang CP, Chang JYF, Wang YP, Wu YH, Wu YC, Sun A. He-
matinic deficiencies and hyperhomocysteinemia in gastric pa-
rietal cell antibody-positive or gastric and thyroid
autoantibodies-negative atrophic glossitis patients. J Formos
Med Assoc 2019;118:1114e21.

12. Chiang CP, Chang JYF, Wang YP, Wu YH, Wu YC, Sun A. Gastric
parietal cell and thyroid autoantibodies in patients with atro-
phic glossitis. J Formos Med Assoc 2019;118:973e8.

http://refhub.elsevier.com/S1991-7902(21)00180-X/sref1
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref1
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref1
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref1
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref1
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref2
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref2
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref2
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref2
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref3
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref3
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref3
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref3
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref4
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref4
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref4
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref4
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref4
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref5
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref5
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref5
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref6
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref6
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref6
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref6
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref7
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref7
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref7
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref8
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref8
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref8
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref9
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref9
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref9
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref10
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref10
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref10
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref10
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref10
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref10
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref11
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref11
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref11
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref11
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref11
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref11
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref12
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref12
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref12
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref12


Y.-T. Jin, Y.-H. Wu, Y.-C. Wu et al.
13. Sun A, Chang JYF, Wang YP, Cheng SJ, Chen HM, Chiang CP. Do
all the patients with vitamin B12 deficiency have pernicious
anemia? J Oral Pathol Med 2016;45:23e7.

14. Sun A, Wang YP, Lin HP, Jia JS, Chiang CP. Do all the patients
with gastric parietal cell antibodies have pernicious anemia?
Oral Dis 2013;19:381e6.

15. Chang JYF, Wang YP, Wu YC, Cheng SJ, Chen HM, Sun A. He-
matinic deficiencies and pernicious anemia in oral mucosal
disease patients with macrocytosis. J Formos Med Assoc 2015;
114:736e41.

16. Chiang CP, Wu YH, Wu YC, Chang JYF, Wang YP, Sun A. Anemia,
hematinic deficiencies, hyperhomocysteinemia, and serum
gastric parietal cell antibody positivity in 884 patients with
burning mouth syndrome. J Formos Med Assoc 2020;119:
813e20.

17. Chiang ML, Jin YT, Chiang CP, Wu YH, Chang JYF, Sun A. Ane-
mia, hematinic deficiencies, hyperhomocysteinemia, and
gastric parietal cell antibody positivity in burning mouth syn-
drome patients with vitamin B12 deficiency. J Dent Sci 2020;
15:34e41.

18. Chiang ML, Chiang CP, Sun A. Anemia, hematinic deficiencies,
and gastric parietal cell antibody positivity in burning mouth
syndrome patients with or vithout hyperhomocysteinemia. J
Dent Sci 2020;15:214e21.

19. Jin YT, Chiang ML, Wu YH, Chang JYF, Wang YP, Sun A. Anemia,
hematinic deficiencies, hyperhomocysteinemia, and gastric
parietal cell antibody positivity in burning mouth syndrome
patients with iron deficiency. J Dent Sci 2020;15:42e9.

20. Jin YT, Wu YC, Wu YH, Chang JYF, Chiang CP, Sun A. Anemia,
hematinic deficiencies, hyperhomocysteinemia, and gastric
62
parietal cell antibody positivity in burning mouth syndrome
patients with or without microcytosis. J Dent Sci 2021;16:
608e13.

21. WHO/UNICEF/UNU. Iron deficiency anaemia assessment, pre-
vention, and control: a guide for programme managers.
Geneva, Switzerland: World Health Organization, 2001.

22. Shine JW. Microcytic anemia. Am Fam Physician 1997;55:
2455e62.

23. Morris MS, Jacques PF, Rosenberg IH, Selhub J. Folate and
vitamin B-12 status in relation to anemia, macrocytosis, and
cognitive impairment in older Americans in the age of folic acid
fortification. Am J Clin Nutr 2007;85:193e200.

24. de Benoist B. Conclusions of a WHO technical consultation on
folate and vitamin B12 deficiencies. Food Nutr Bull 2008;
29(suppl):S238e44.

25. Spence JD. Homocysteine-lowering therapy: a role in stroke
prevention? Lancet Neurol 2007;6:830e8.

26. Chanarin I, Deacon R, Lumb M, Perry J. Cobalamin-folate in-
terrelations. Blood Rev 1989;3:211e5.

27. Lonn E, Yusuf S, Arnold MJ, et al. Homocysteine lowering with
folic acid and B vitamins in vascular disease. N Engl J Med
2006;354:1567e77.

28. Sun A, Wang YP, Lin HP, Chen HM, Cheng SJ, Chiang CP. Sig-
nificant reduction of homocysteine level with multiple B vita-
mins in atrophic glossitis patients. Oral Dis 2013;19:519e24.

29. Sun A, Lin HP, Wang YP, Chen HM, Cheng SJ, Chiang CP. Sig-
nificant reduction of serum homocysteine level and oral
symptoms after different vitamin supplement treatments in
patients with burning mouth syndrome. J Oral Pathol Med
2013;42:474e9.

http://refhub.elsevier.com/S1991-7902(21)00180-X/sref13
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref13
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref13
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref13
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref14
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref14
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref14
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref14
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref15
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref15
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref15
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref15
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref15
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref16
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref16
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref16
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref16
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref16
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref16
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref17
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref17
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref17
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref17
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref17
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref17
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref18
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref18
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref18
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref18
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref18
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref19
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref19
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref19
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref19
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref19
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref20
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref20
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref20
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref20
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref20
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref20
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref21
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref21
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref21
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref22
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref22
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref22
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref23
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref23
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref23
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref23
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref23
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref24
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref24
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref24
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref24
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref25
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref25
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref25
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref26
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref26
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref26
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref27
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref27
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref27
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref27
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref28
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref28
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref28
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref28
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref29
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref29
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref29
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref29
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref29
http://refhub.elsevier.com/S1991-7902(21)00180-X/sref29

	Higher gastric parietal cell antibody titer significantly increases the frequencies of macrocytosis, serum vitamin B12 defi ...
	Introduction
	Materials and methods
	Subjects
	Determination of blood hemoglobin, iron, vitamin B12, folic acid, and homocysteine concentrations.
	Determination of serum gastric parietal cell antibody level
	Statistical analysis

	Results
	Discussion
	Declaration of competing interest
	Declaration of competing interest
	Acknowledgments
	References


