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Abstract Background/purpose: Our previous study found that 13 of 63 recurrent aphthous
stomatitis (RAS)/Behcet’s disease (BD) patients have thyroglobulin antibody (TGA) positivity
and/or thyroid microsomal antibody (TMA) positivity (TGA/TMA positivity) but without gastric
parietal cell antibody positivity. This study mainly assessed whether the serum TGA/TMA pos-
itivity was significantly associated with anemia, hematinic deficiencies, and hyperhomocystei-
nemia in TGA/TMA-positive RAS/BD patients.
Materials and methods: The mean blood hemoglobin (Hb), iron, vitamin B12, folic acid, and
homocysteine levels were measured and compared between 13 TGA/TMA-positive RAS/BD pa-
tients and 41 gastric and thyroid antibodies-negative RAS/BD patients (Abs־RAS/BD patients) or
126 healthy control subjects.
Results: We found no significant differences in the mean blood Hb, iron, vitamin B12, folic
acid, and homocysteine leve1s as well as no significant differences in the frequencies of blood
Hb and folic acid deficiencies and of hyperhomocysteinemia between 13 TGA/TMA-positive
RAS/BD patients and 41 Abs־RAS/BD patients. The 41 Abs־RAS/BD patients even had a signifi-
cantly greater frequency of serum iron deficiency than the 13 TGA/TMA-positive RAS/BD pa-
tients. Moreover, although a significant greater frequency of anemia was demonstrated in 13
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TGA/TMA-positive RAS/BD patients than in 126 healthy control subjects, there were no signif-
icant differences in the mean serum iron, vitamin B12, folic acid, and homocysteine levels as
well as no significant differences in the frequencies of serum iron and folic acid deficiencies
and of hyperhomocysteinemia between 13 TGA/TMA-positive RAS/BD patients and 126 healthy
control subjects.
Conclusion: The serum TGA/TMA-positivity is not significantly associated with anemia, hema-
tinic deficiencies, and hyperhomocysteinemia in TGA/TMA-positive RAS/BD patients.
ª 2018 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

Recurrent aphthous stomatitis (RAS) is a commonoralmucosal
disease characterized by recurrent and painful ulcerations on
themovable oral mucosae. Behcet’s disease (BD) is a chronic,
multisystemic, and inflammatory disorder. According to the
criteria fordiagnosis ofBDproposedbythe International Study
Group for BD, the RAS is universally present in all BD patients
(so-called RAS/BD patients in this study).1,2

Our previous study showed that 14.3%, 20.6%, and 20.6%
of 63 BD patients have serum gastric parietal cell antibody
(GPCA), thyroglobulin antibody (TGA), and thyroid micro-
somal autoantibody (TMA, also known as thyroid peroxidase
antibody, TPO) positivities, respectively.3 Moreover, we
also demonstrated that 30.2%, 34.9%, 6.3%, 6.3%, and 14.3%
of 63 BD patients have blood hemoglobin (Hb), iron, vitamin
B12, and folic acid deficiencies and hyperhomocysteinemia,
respectively.4 The serum GPCA positivity, major-typed RAS,
minor-typed RAS, BD itself, and the concomitant presence
of atrophic glossitis (AG) in BD patients are found to be
associated with anemia, hematinic deficiencies, and
hyperhomocysteinemia in RAS/BD patients.4e6 However,
we have not yet known whether the serum TGA positivity
and/or TMA positivity (TGA/TMA positivity) plays a signifi-
cant role in causing anemia, hematinic deficiencies, and
hyperhomocysteinemia in the TGA/TMA-positive RAS/BD
patients.

In our oral mucosal disease clinic or dental clinic, pa-
tients with RAS, AG, burning mouth syndrome, oral lichen
planus are frequently encountered and patients with OSF or
specific jaw bone lesions are sometimes seen.7e38 For these
particular groups of patients, complete blood count, serum
iron, vitamin B12, folic acid, homocysteine, GPCA, TGA,
and TMA levels are frequently examined to assess whether
these patients have anemia, hematinic deficiencies, and
serum GPCA, TGA, and TMA positivities.7e35

To assess the role of serum TGA/TMA positivity in the
development of anemia, hematinic deficiencies, and
hyperhomocysteinemia in RAS/BD patients, 13 TGA/TMA-
positive RAS/BD patients without serum GPCA positivity, 41
gastric and thyroid autoantibodies-negative RAS/BD pa-
tients (Abs־RAS/BD patients), and 126 age- and sex-
matched healthy control subjects were retrieved from our
previous studies and included in this study.3e6 The mean
blood hemoglobin (Hb), iron, vitamin B12, folic acid, and
homocysteine levels in these RAS/BD patients and control
subjects were measured and compared between 13 TGA/
TMA-positive RAS/BD patients and 41 Abs־RAS/BD patients
or 126 healthy control subjects to assess whether the serum
TGA/TMA positivity was a significant factor causing anemia,
hematinic deficiencies, and hyperhomocysteinemia in TGA/
TMA-positive RAS/BD patients.

Materials and methods

Subjects

This study included 13 (2 men and 11 women, age range
21e82 years, mean age 58� 14 years) TGA/TMA-positive
RAS/BD patients without the serum GPCA positivity.3 For
evaluation of the role of serum TGA/TMA positivity in
causing anemia, hematinic deficiencies, and hyper-
homocysteinemia in RAS/BD patients, 41 Abs־RAS/BD pa-
tients and 126 age- and sex-matched healthy control
subjects were retrieved from our previous studies and
included in this study.3e6 All the patients and control sub-
jects were seen consecutively, diagnosed, and treated in
the Department of Dentistry, National Taiwan University
Hospital from July 2007 to July 2017. The diagnoses of RAS
and BD in our original 63 RAS/BD patients as well as their
inclusion and exclusion criteria have been described in our
previous studies.3e6 Healthy control subjects had dental
caries, pulpal disease, malocclusion, or missing of teeth but
did not have any oral mucosal or systemic diseases.3e6 In
addition, none of the RAS/BD patients had taken any pre-
scription medication for BD and RAS at least 3 months
before entering the study.

The blood samples were drawn from our RAS/BD patients
and healthy control subjects for measurement of complete
blood count, serum iron, vitamin B12, folic acid, and ho-
mocysteine concentrations as well as serum GPCA, TGA,
and TMA levels. All the RAS/BD 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 National Taiwan Univer-
sity Hospital.

Determination of complete blood count and serum
iron, vitamin B12, folic acid and homocysteine
concentrations

The complete blood count and serum iron, vitamin B12, folic
acid, and homocysteine concentrations were determined by
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the routine tests performed in the Department of Labora-
tory Medicine of National Taiwan University Hospital as
described previously.7e11 This study defined the Hb and
hematinic deficiencies according to the World Health Or-
ganization (WHO) criteria. Thus, men with Hb< 13 g/dL and
women with Hb< 12 g/dL were defined as having Hb defi-
ciency or anemia.39 Patients with serum iron level <60 mg/
dL,31,40 vitamin B12 level <200 pg/mL 41 or folic acid level
<4 ng/mL 42 were defined as having iron, vitamin B12 or
folic acid deficiency, respectively. Moreover, patients with
the serum homocysteine level >12.7 mM (which was the
mean serum homocysteine level of healthy control subjects
plus two standard deviations) were defined as having
hyperhomocysteinemia.4e6

Determination of serum GPCA, TGA, and TMA levels

The methods of determination of serum GPCA, TGA, and
TMA levels in our RAS/BD patients and healthy control
subjects have been described in our previous
studies.12,14,15,18e21

Statistical analysis

Comparisons of the mean corpuscular volume (MCV), the
mean blood levels of Hb, iron, vitamin B12, folic acid, and
homocysteine between 13 TGA/TMA-positive RAS/BD pa-
tients or 41 Abs־RAS/BD patients and 126 healthy control
subjects as well as between 13 TGA/TMA-positive RAS/BD
patients and 41 Abs־RAS/BD patients were performed by
Student’s t-test. The differences in frequencies of blood
Hb, iron, vitamin B12, and folic acid deficiencies and of
hyperhomocysteinemia between 13 TGA/TMA-positive RAS/
BD patients or 41 Abs־RAS/BD patients and 126 healthy
control subjects as well as between 13 TGA/TMA-positive
RAS/BD patients and 41 Abs־RAS/BD patients were
compared by chi-square test or Fisher exact test, where
appropriate. The result was considered to be significant if
the P-value was less than 0.05.

Results

The MCV and mean blood concentrations of Hb, iron,
vitamin B12, folic acid, and homocysteine in 13 TGA/TMA-
positive RAS/BD patients, 41 Abs־RAS/BD patients, and 126
healthy control subjects are shown in Table 1. Because men
and women usually had different normal blood Hb and iron
levels, these two mean levels were calculated separately
for men and women. We found significantly lower mean
blood Hb levels (for men and women) in 13 TGA/TMA-
positive RAS/BD patients than in 126 healthy control sub-
jects (both P-values< 0.01, Table 1). However, there were
no significant differences in the MCV and mean serum iron
(for men and women), vitamin B12, folic acid, and homo-
cysteine levels between 13 TGA/TMA-positive RAS/BD pa-
tients and 126 healthy control subjects. Moreover, no
significant differences in the MCV and mean blood Hb (for
men and women), iron (for men and women), vitamin B12,
folic acid, and homocysteine leve1s were noted between 13
TGA/TMA-positive RAS/BD patients and 41 Abs־RAS/BD pa-
tients, suggesting that the serum TGA/TMA-positivity does
not play a significant role in causing the anemia, hematinic
deficiencies, and hyperhomocysteinemia in the serum TGA/
TMA-positive RAS/BD patients (Table 1). In addition, the 41
Abs־RAS/BD patients do have significantly lower MCV, mean
blood Hb (for men and women), iron (for men and women),
folic acid, and homocysteine levels than 126 healthy con-
trol subjects (all P-values< 0.05, Table 1); these blood data
have been published in our previous study.6

We also found a significantly greater frequency of blood
Hb deficiency in our 13 TGA/TMA-positive RAS/BD patients
than in 126 healthy control subjects (P< 0.001) (Table 2).
However, there were no significant differences in the fre-
quencies of serum iron and folic acid deficiencies and of
hyperhomocysteinemia between 13 TGA/TMA-positive RAS/
BD patients and 126 healthy control subjects. The fre-
quency of iron deficiency was significantly greater in 41
Abs־RAS/BD patients than in 13 TGA/TMA-positive RAS/BD
patients (PZ 0.021). Moreover, 13 TGA/TMA-positive RAS/
BD patients did not have significantly higher frequencies
of blood Hb and folic acid deficiencies and of hyper-
homocysteinemia than 41 Abs־RAS/BD patients, suggesting
that the serum TGA/TMA-positivity does not play a signifi-
cant role in causing the anemia, hematinic deficiencies,
and hyperhomocysteinemia in the serum TGA/TMA-positive
RAS/BD patients (Table 2). In addition, 41 Abs־RAS/BD pa-
tients do have significantly greater frequencies of blood Hb
and iron deficiencies (both P-values< 0.001) than 126
healthy control subjects (Table 2); these blood data have
been reported in our previous study.6

In this study, only 2 (15.4%) of 13 TGA/TMA-positive RAS/
BD patients were diagnosed as having anemia according to
the WHO criteria.39 In addition to having Hb deficiency
(men with Hb< 13 g/dL and women with Hb< 12 g/dL),
macrocytic anemia was diagnosed as having MCV S
100 fL,30 normocytic anemia as having MCV between 80 and
99.9 fL,12e14 microcytic anemia as having MCV< 80 fL,40

and iron deficiency anemia as having MCV< 80 fL and
iron< 60 mg/dL.31,39 By these definitions, of 2 anemic TGA/
TMA-positive RAS/BD patients, one had normocytic anemia
and the other had microcytic anemia (Table 3). The anemia
types of 14 anemic Abs־RAS/BD patients have been re-
ported in our previous study;6 of the 14 anemic Abs־RAS/BD
patients, one had macrocytic anemia, 10 had normocytic
anemia, and three had iron deficiency anemia.6
Discussion

This study mainly evaluated whether the serum TGA/TMA
positivity was a significant factor causing anemia, hema-
tinic deficiencies, and hyperhomocysteinemia in the TGA/
TMA-positive RAS/BD patients. The rationale for the design
of this study was that if the TGA/TMA-positive RAS/BD pa-
tients had severer statuses of anemia, hematinic de-
ficiencies, and hyperhomocysteinemia than the Abs־RAS/BD
patients, then the serum TGA/TMA-positivity could be a
significant factor causing anemia, hematinic deficiencies,
and hyperhomocysteinemia in the TGA/TMA-positive RAS/
BD patients. Our results found no significant differences in
the mean blood Hb, iron, vitamin B12, folic acid, and ho-
mocysteine leve1s as well as no significant differences in
the frequencies of blood Hb and folic acid deficiencies and
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of hyperhomocysteinemia between 13 TGA/TMA-positive
RAS/BD patients and 41.

Abs־RAS/BD patients. In addition, the 41 Abs־RAS/BD
patients even had a significantly greater frequency of
serum iron deficiency than the 13 TGA/TMA-positive RAS/
BD patients. Moreover, although a significantly lower mean
blood Hb level and a significant greater frequency of Hb
deficiency were demonstrated in 13 TGA/TMA-positive
RAS/BD patients than in 126 healthy control subjects,
there were no significant differences in the mean serum
iron, vitamin B12, folic acid, and homocysteine levels as
well as no significant differences in the frequencies of
serum iron and folic acid deficiencies and of hyper-
homocysteinemia between 13 TGA/TMA-positive RAS/BD
patients and 126 healthy control subjects. These findings
indicate that the serum TGA/TMA-positivity is not a sig-
nificant factor causing anemia, hematinic deficiencies,
and hyperhomocysteinemia in TGA/TMA-positive RAS/BD
patients.

It is interesting to know what significant factors can
cause anemia, hematinic deficiencies, and hyper-
homocysteinemia in RAS/BD patients. Our previous studies
found that the serum GPCA is a major factor causing
vitamin B12 deficiency and hyperhomocyteinemia in
GPCA-positive RAS/BD patients.6 Moreover, major-typed
RAS, minor-typed RAS, and RAS/BD itself do play a sig-
nificant role in causing anemia and hematinic deficiencies
in RAS/BD patients including the GPCA-positive RAS/BD
patients and Abs־RAS/BD patients.4e6 Furthermore, we
also discovered that the concomitant presence of AG in
RAS/BD patients may result in significantly elevated fre-
quencies of serum GPCA, TGA, and TMA positivities in
RAS/BD patients.43 Moreover, the AG-positive RAS/BD pa-
tients do have significantly higher frequencies of blood
Hb, iron, vitamin B12, and folic acid deficiencies and of
hyperhomocysteinemia than healthy control subjects and
have significantly higher frequencies of Hb and vitamin
B12 deficiencies than AG-negative RAS/BD patients.5

Taking all our findings together, we further conclude
that the serum GPCA, major-typed RAS, minor-typed RAS,
RAS/BD itself, and the concomitant presence of AG in
RAS/BD patients but not the serum TGA/TMA positivity are
significant factors causing anemia, hematinic deficiencies,
and hyperhomocysteinemia in RAS/BD patients.4e6,43

Our previous studies and this study found anemia in 19
(30.2%) of 63 BD, 13 (68.4%) of 19 major-typed RAS/BD, 6
(13.6%) of 44 minor-typed RAS/BD, 13 (43.3%) of 30 AG-
positive RAS/BD, 6 (18.2%) of 33 AG-negative RAS/BD, 3
(33.3%) of 9 GPCA-positive RAS/BD, 14 (34.1%) of 41
Abs־RAS/BD, and 2 (15.4%) of 13 TGA/TMA-positive RAS/
BD patients.4e6 These findings suggest that in the sub-
groups of BD patients, major-typed RAS/BD patients have
the highest frequency of anemia (68.4%) and minor-typed
RAS/BD patients have the least frequency of anemia
(13.6%).

For the iron deficiency in the subgroups of RAS/BD
patients, the iron deficiency was noted in 22 (34.9%) of 63
BD, 12 (63.2%) of 19 major-typed RAS/BD, 10 (22.7%) of 44
minor-typed RAS/BD, 10 (33.3%) of 30 AG-positive RAS/BD,
12 (36.4%) of 33 AG-negative RAS/BD, 3 (33.3%) of 9 GPCA-
positive RAS/BD, 18 (43.9%) of 41 Abs־RAS/BD, and 1
(7.7%) of 13 TGA/TMA-positive RAS/BD patients.4e6 These



Table 2 Comparisons of frequencies of blood hemoglobin (Hb), iron, vitamin B12, and folic acid deficiencies and frequency of
hyperhomocysteinemia between any two of the three groups of 13 thyroglobulin antibody (TGA)-positive and/or thyroid
microsomaal antibody (TMA)-positive recurrent aphthous stomatitis (RAS)/Behcet’s disease (BD) patients (TGA/TMA-positive
RAS/BD patients), 41 gastric and thyroid autoantibodies-negative RAS/BD patients (Abs־RAS/BD patients), and 126 healthy
control subjects.

Hb 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)

High homocysteine
level (>12.7 mM)

TGA/TMA-positive RAS/BD
patients (nZ 13)

2 (15.4%) 1 (7.7%) 0 (0%) 1 (7.7%) 0 (0%)

P-valuea 0.001 0.161 ND 0.161 0.960
P-valueb 0.301 0.021 ND >0.999 >0.999
Abs־RAS/BD patients

(nZ 41)c
14 (34.1%) 18 (43.9%) 0 (0%) 2 (4.9%) 2 (4.9%)

P-valuea <0.001 <0.001 ND 0.095 0.845
Healthy control subjects

(nZ 126)c
0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 5 (4.0%)

a Comparisons of frequencies of parameters between 13 TGA/TMA-positive RAS/BD patients or 41 Abs־RAS/BD patients and 126
healthy control subjects by chi-square test.

b Comparisons of frequencies of parameters between 13 TGA/TMA-positive RAS/BD patients and 41 Abs־RAS/BD patients by chi-square
test or Fisher exact test, where appropriate. NDZ not done.

c The blood data of 41 Abs־RAS/BD patients and 126 healthy control subjects were retrieved from out previous study.6.
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findings suggest that in the subgroups of BD patients,
major-typed RAS/BD patients have the highest frequency of
iron deficiency (63.2%) and TGA/TMA-positive RAS/BD pa-
tients have the least frequency of iron deficiency (7.7%).

For the vitamin B12 deficiency in the subgroups of RAS/
BD patients, vitamin B12 deficiency was noted in 4 (6.3%) of
63 BD, 2 (10.5%) of 19 major-typed RAS/BD, 2 (4.5%) of 44
minor-typed RAS/BD, 4 (13.3%) of 30 AG-positive RAS/BD,
0 (0%) of 33 AG-negative RAS/BD, 4 (44.4%) of 9 GPCA-
positive.

RAS/BD, 0 (0%) of 41 Abs־RAS/BD, and 0 (0%) of 13 TGA/
TMA-positive RAS/BD patients.4e6 These findings suggest
that in the subgroups of BD patients, GPCA-positive RAS/BD
patients have the highest frequency of vitamin B12 defi-
ciency (44.4%) and AG-negative, gastric and thyroid
autoantibodies-negative, and TGA/TMA-positive RAS/BD
patients have the least frequency of vitamin B12 deficiency
(0%).

For the folic acid deficiency in the subgroups of RAS/BD
patients, the folic acid deficiency was noted in 4 (6.3%) of
63 BD, 2 (10.5%) of 19 major-typed RAS/BD, 2 (4.5%) of 44
minor-typed RAS/BD, 2 (6.7%) of 30 AG-positive RAS/BD, 2
(6.1%) of 33 AG-negative RAS/BD, 1 (11.1%) of 9 GPCA-
Table 3 Anemia types of 2 of 13 thyroglobulin antibody (TGA)-
recurrent aphthous stomatitis (RAS)/Behcet’s disease (BD) patien

Anemia type

Patient number (%) MCV Vita
(<2

TGA/TMA-positive RAS/BD patients (nZ 13)

Normocytic anemia 1 (50.0) 80e99.9 fl 0 (0
Microcytic anemia 1 (50.0) <80 fl 0 (0
Total 2 (100.0) 0 (0
positive RAS/BD, 2 (4.9%) of 41 Abs־RAS/BD, and 1 (7.7%) of
13 TGA/TMA-positive RAS/BD patients.4e6 These findings
suggest that in the subgroups of BD patients, GPCA-positive
RAS/BD patients have the highest frequency of folic acid
deficiency (11.1%) and minor-typed RAS/BD patients have
the least frequency of folic acid deficiency (4.5%).

For the hyperhomocysteinemia in the subgroups of RAS/
BD patients, the hyperhomocysteinemia was noted in 9
(14.3%) of 63 BD, 4 (21.1%) of 19 major-typed RAS/BD, 5
(11.4%) of 44 minor-typed RAS/BD, 6 (20.0%) of 30 AG-
positive RAS/BD, 3 (9.1%) of 33 AG-negative RAS/BD, 7
(77.8%) of 9 GPCA-positive RAS/BD, 2 (4.9%) of 41 Abs־RAS/
BD, and 0 (0%) of 13 TGA/TMA-positive RAS/BD patients.4e6

These findings suggest that in the subgroups of BD patients,
GPCA-positive RAS/BD patients have the highest frequency
of hyperhomocysteinemia (77.8%) and TGA/TMA-positive
RAS/BD patients have the least frequency of hyper-
homocysteinemia (0%).

After analyses of the frequencies of anemia, hematinic
deficiencies, and hyperhomocysteinemia in RAS/BD pa-
tients and in different subgroups of RAS/BD patients, we
further conclude that the major-typed RAS may play a
significant role in causing anemia and iron deficiency in
positive and/or thyroid microsomaal antibody (TMA)-positive
ts (TGA/TMA-positive RAS/BD patients).

Patient number (%)

min B12 deficiency
00 pg/mL)

Iron deficiency
(<60 mg/dL)

Folic acid deficiency
(<4 ng/mL)

.0) 0 (0.0) 0 (0.0)

.0) 0 (0.0) 0 (0.0)

.0) 0 (0.0) 0 (0.0)
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RAS/BD patients and the serum GPCA positivity is the major
factor causing vitamin B12 deficiency and hyper-
homocysteinemia in RAS/BD patients. It needs further
studies to elucidate what factors are most important for
causing folic acid deficiency in RAS/BD patients. However,
the serum TGA/TMA-positivity is not significantly associated
with anemia, hematinic deficiencies, and hyper-
homocysteinemia in RAS/BD patients.
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