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Vitamin B12 deficiency may play an etiological @
role in atrophic glossitis and its grading: A
clinical case-control study

Guan-Ying Chen', Zhi-Qun Tang' and Zhe-Xuan Bao'"

Abstract

Background Existing studies have reported the significant association between atrophic glossitis (AG) and hematinic
deficiencies, including iron, folate and vitamin B12 deficiency. However, these findings were inconsistent. AG can be
graded as partial or complete atrophy. It is still unclear whether hematinic deficiencies are associated with the grading
of AG.

Methods 236 AG patients and 208 sex- and age-matched healthy controls were enrolled in this study. Hematological
tests including complete blood count, and serum levels of folate, ferritin and vitamin B12 were performed. The

AG group was divided into those with partial AG and those with complete AG according to the extent of papillary
atrophy. Statistical analysis was performed to assess whether hematinic deficiencies are risk factors for AG and its
grading.

Results Compared with the healthy controls, AG patients had significantly higher frequencies of vitamin B12
deficiency (68.22%), ferritin deficiency (13.98%) and anemia (21.61%). The differences in hematinic deficiencies

and anemia between AG patients and healthy controls changed according to gender and age. The frequencies of
serum vitamin B12 deficiency and anemia in the complete AG subgroup were significantly higher than those in the
partial AG subgroup. Logistic regression analysis revealed that vitamin B12 deficiency and anemia were significantly
correlated with AG and its grading. The AG patients with vitamin B12 deficiency responded well to supplement
therapy.

Conclusion AG could be an important clinical indicator for potential vitamin B12 deficiency, especially when the
degree of tongue atrophy more than 50% and complete atrophy. Vitamin B12 deficiency might play an etiological
role in the development of AG.
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Background

The tongue is considered a mirror of general health,
and can provide clinical clues to many systemic diseases
[1-3]. Atrophic glossitis (AG) is manifested by partial or
complete loss of lingual papillae on the dorsal surface of
the tongue [3, 4]. The relationship between nutritional
deficiencies and AG was first described in 1975 in the
first US National Health and Nutritional Examination
Survey [5]. It is now widely accepted that AG may be a
marker of nutritional deficiency [2-6].

Existing studies have reported the significant associa-
tion between AG and hematinic deficiencies, including
iron, folate and vitamin B12 deficiency [3, 7]. Possible
underlying mechanisms are that vitamin B12 and folate
play crucial roles in DNA synthesis and cell metabolism.
The epithelial cells of lingual papillae have a rapid turn-
over, resulting in their sensitivity to deficiencies of these
two vitamins [4, 8]. In addition, patients with iron defi-
ciency or iron deficiency anemia, have reduced oxygen
carrying capacity to the dorsal surface mucosa of the
tongue [8].

However, the findings from these previous studies
were inconsistent. Sun et al. found that AG patients had
a significantly higher frequency of iron and vitamin B12
deficiency or anemia, but not folate deficiency, compared
to healthy controls [7]. By contrast, an earlier study pro-
posed that tongue mucosa atrophy was a significant clini-
cal finding indicating decreased serum folate level, but
had no significant association with serum vitamin B12
level [9]. Unexpectedly, a previous population survey
revealed that elderly people with AG had significantly
higher serum levels of vitamin B12 than those who had
normal tongue [4]. Therefore, further studies are needed
to investigate or validate the association between AG and
hematinic deficiencies.

Based on the extent of lingual papillae involvement,
tongue atrophy is graded as partial or complete atro-
phy [10]. The profile of hematinic deficiencies based on
the grade of AG is still unclear. Thus, it would be help-
ful to further understand the etiology of AG and whether
hematinic deficiencies could affect the grading of AG,
which has not yet, to our best knowledge, been reported.

The aim of this study was to determine the association
between hematinic deficiencies and AG. Moreover, the
profile of hematinic deficiencies based on the grade of
AG was also examined. Statistical analysis was performed
to assess whether hematinic deficiencies are risk factors
for AG and its grading.

Methods

The AG group consisted of 236 patients (61 men and
175 women, age range 18—86 years, median 61 years,
QR: 52, 71 years). According to previous studies, AG was
diagnosed when lingual papillae atrophy affected more
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than 50% of the tongue [4, 11]. A group of 208 sex- and
age-matched healthy controls (63 men and 145 women,
age range 19-88 years, median 58.5 years, QR: 52.25, 75
years) were included for analysis. All AG patients were
diagnosed consecutively from March 2017 to May 2021
at the Department of Oral Medicine, the Affiliated Sto-
matology Hospital of Guangzhou Medical University,
China. The exclusion criteria were based on previous
studies [3, 7]. Specifically, patients with autoimmune
diseases (such as Sjogren’s syndrome, systemic lupus
erythematous and rheumatoid arthritis), severe liver or
kidney diseases, diabetes mellitus and other systemic
diseases were excluded. Besides, patients with other
concomitant oral mucosal diseases such as oral lichen
planus (OLP), traumatic lingual ulcer, oral submucous
fibrosis (OSF) and pemphigus vulgaris (PV) were also not
enrolled. Healthy controls, who had either dental caries
or chronic periodontal diseases but did not have any oral
mucosal or systemic diseases, were recruited from other
departments of the same hospital. The present study was
approved by the ethics committee of our hospital.

Laboratory methods

After obtaining written informed consent from the par-
ticipants, and after overnight fasting, blood samples
were collected from each participant. Serum levels of
folate, ferritin and vitamin B12 in all participants were
determined using routine methods in the Department of
Clinical Laboratory of our hospital. In addition, a com-
plete blood count was carried out. Serum folate, vitamin
B12 and ferritin deficiencies were defined as a serum
level under the lower limit of the normal range. The ref-
erence serum folate and vitamin B12 levels are 4.0-18.7
ng/mL and 180-914 ng/L, respectively. The normal
accepted range of serum ferritin level is 11.0-306.8 ng/
mL for women and 15-336.2 ng/mL for men. Anemia
was defined as a hemoglobin (Hb) level less than the cut-
off value (male<12 g/dL and female<11 g/dL).

Clinical grading of AG

According to the extent of papillary atrophy and loss, the
AG group was divided into two subgroups: partial AG
(absence of lingual papillae on the dorsum of the tongue
was more than 50%, but not complete, Fig. 1 A) and
complete AG (dorsal tongue showed complete absence
or flattening of papillae, leaving a glossy, smooth tongue
appearance, Fig. 2 A). The grading of AG was performed
by two authors (GY Chen and ZX Bao) independently.
When grading was inconsistent between these two spe-
cialists, a consensus was reached by discussion with a
third researcher (ZQ Tang).
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Figure 1 An example of partial AG. A 58-year-old woman with the chief complaint of a burning sensation on the tongue for six months. She was easily
fatigued for several months and denied any systemic diseases. Her serum vitamin B12 level was 72 ng/L (normal range 180-914 ng/L) and serum levels of
folate, ferritin and hemoglobin were all within the normal range. (A) Physical examination revealed partial atrophy of the tongue; (B) complete resolution

after 1 month of supplement therapy; (C) the therapeutic effect was still evident during follow-up at 6 months.

Supplement therapy of AG

According to the hematological examination results, cor-
responding nutritional supplements were given to the
patients. Patients with folate deficiency and vitamin B12
deficiency were treated with oral folate tablets (5 mg/d)
and mecobalamin (1500 pg/d), respectively, for at least
1 month. Oral ferrous succinate (200-400 mg/d) and
vitamin C (300-600 mg/d) were given to patients for 3
months, if ferritin deficiency was present.

Data analysis

Statistical analysis of the data was performed with SPSS
software, version 22.0 (SPSS Inc., Chicago, IL, USA). The
Wilcoxon rank sum test was used to compare the dif-
ferences in age. The male-to-female ratio, the frequen-
cies of serum folate, vitamin B12, and ferritin deficiency
and anemia were compared using the chi-square test.
According to the results of the chi-square test, multi-
variate binary logistic regression analysis was used to

Figure 2 An example of complete AG. A 46-year-old woman with the chief complaint of glossodynia for approximately one year. She denied any sys-
temic diseases. Her serum levels of vitamin B12 and ferritin were 94 ng/L (normal range 180-914 ng/L) and 4.3 ng/mL (normal range 11.0-306.8 ng/mL),
respectively. She was also diagnosed with anemia based on a hemoglobin level of 10.8 g/dL (the cutoff value for a female is 11 g/dL). (A) Physical exami-
nation revealed complete tongue atrophy, with a glossy appearance; (B) complete resolution after 1 month of supplement therapy; (C) the therapeutic
effect was still evident during follow-up at 6 months.
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Table 3 The difference of age, gender and hematinic
deficiencies based on the grading of AG

AG patients P

Partial Complete

subgroup subgroup
Men-to-women ratio 28112 33:63 0013°
Age (median, QR) 58(49.25,67.75) 64.5(57,74) <0.001 b
Serum folate deficiency 4.29% (6/140) 521% (5/96) 0.741°
Serum vitamin B12 60.00% (84/140) 80.21% 0.001°
deficiency (77/96)
Serum ferritin deficiency 17.1% (24/140) 94% (9/96) 0.091°
Anemia 15% (21/140) 31.3% 0.003 °

(30/96)

QR: Quartile range
2 Chi-square test

b Wilcoxon’s rank-sum test

Table 4 Logistic regression analysis of risk factors for AG and its

grading
Depen-  Variable P-value OR 95% Cl
dent Lower Upper
variable
AG Serum folate 0.057 4293 0.960 19.197
deficiency
Serum vitamin <0.001 57247 25446 128.789
B12 deficiency
Serum ferritin 0.151 1871 0796  4.398
deficiency
Anemia 0.041 2910 1.047  8.085
The grad-  Gender 0.011 0433 0228 0824
ingof AG  Age 0.001 2592 1452 4630
Serum vitamin 0.029 2029 1073 3836
B12 deficiency
Anemia 0.002 3.081 1534 6.190

age range 18-84 years) and the complete AG subgroup
consisted of 33 men and 63 women, age range 31-86
years). The statistical analysis revealed significant gender
and age differences between the two subgroups (P=0.013
and P<0.001, respectively, Table 3). The frequencies of
serum vitamin B12 deficiency and anemia in the com-
plete AG subgroup were significantly higher than those
in the partial AG subgroup (P=0.001 and P=0.003,
respectively, Table 3).

Logistic regression analysis of risk factors for AG and its
severity

Based on the results of logistic regression analysis, the
potential risk factors for AG included serum vitamin
B12 deficiency (P<0.001, OR=57.247, 95% CI, 25.446—
128.789) and anemia (P=0.041, OR=2.910, 95% CI,
1.047-8.085). However, the correlation between serum
folate or ferritin deficiency and AG was not significant
(P=0.057 and P=0.151, respectively, Table 4). In AG
patients, the logistic regression analysis revealed that
age, gender, serum vitamin B12 deficiency and anemia
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were all significantly correlated with the grading of AG
(Table 4).

The effects of vitamin B12 supplement therapy

All AG patients with vitamin B12 deficiency responded
well to supplement therapy (Figs. 1 and 2). After one
month of vitamin B12 supplement therapy, lingual papilla
atrophy resolved partially or completely (Figs. 1B and
2B). 112 patients with vitamin B12 deficiency at baseline
completed at least six months of follow-up. The thera-
peutic effect was still evident during follow-up (Fig. 1 C,
2 C), partial recurrence was only observed in 15 cases.

Discussion

The present study demonstrated that AG could be an
important clinical indicator of potential vitamin B12 defi-
ciency, especially when the degree of tongue atrophy is
more than 50% or complete atrophy is present. Vitamin
B12 deficiency is a health problem both in developed
and developing countries [12—14]. However, it is diffi-
cult to diagnose vitamin B12 deficiency at an early stage
as the early signs and symptoms are usually subtle and
nonspecific [9, 15]. AG might be the only initial sign and
precedes other systemic manifestations of vitamin B12
deficiency [9]. Due to its convenience, examination of
the tongue is of great value in clinical practice [6]. Hence,
dentists can contribute to the early diagnosis of vitamin
B12 deficiency.

Sun et al. found that the frequency of vitamin B12
deficiency were only 7.4% in a group of 176 AG patients
[7] and 5.3% of 1064 AG patients [3]. In this study, the
frequency of vitamin B12 deficiency in AG patents was
almost 70%. One reason for this discrepancy is that the
diagnostic criteria applied were different. The percentage
of tongue papillary atrophy was not defined and patients
with less than 50% were also enrolled in previous studies
[3, 7]. In the present study, patients were diagnosed with
AG only when lingual papillae atrophy was more than
50%, which might contribute to more clearly identify the
association between hematinic deficiencies and AG [4,
11].

In this study, the frequency of vitamin B12 deficiency in
AQG patients was significantly higher than that in healthy
controls. In the two subgroups of AG, vitamin B12 defi-
ciency was significantly more common in complete AG
patients than in partial AG patients. Moreover, logistic
regression analysis revealed that vitamin B12 deficiency
was significantly associated with AG and its grading,
respectively. In the previous study, the number of com-
plete AG patients was only 6 (3.41% of 176 patients) [7].
By contrast, 96 complete AG patients (40.68% of 236
patients) were enrolled in our study. The stricter diagnos-
tic criteria, together with the higher proportion of com-
plete AG patients, could explain the higher frequency of
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vitamin B12 deficiency in our study. Based on our find-
ings and comparisons with previous studies, it is reason-
ably assumed that vitamin B12 deficiency might play an
etiological role in the development of AG. The optimal
response to vitamin B12 supplementation in our study
also confirmed this view.

Consistent with previous study [7], we also found
that AG patients had a significantly higher frequency
of serum ferritin deficiency and anemia than healthy
controls. Similarly, a higher frequency of serum folate
deficiency, but not with statistical significance, was also
observed in AG patients. However, a population-based
study suggested that atrophic changes in tongue was sig-
nificantly associated with decreased serum folate levels
[9]. Notably, all the enrolled participants in the popula-
tion-based study were 70 years or older. Interestingly, we
also found that, AG patients had significantly higher fre-
quency of serum folate deficiency than healthy controls
when older than 60 years of age. But the statistical signifi-
cance of this difference disappeared when younger than
60 years. Therefore, it might be plausible to conclude that
serum folate deficiency might be much more common in
elderly patients with AG. Significant variations in hema-
tinic deficiencies across different genders and age groups
had been demonstrated in patients with recurrent aph-
thous stomatitis (RAS) and OLP [16, 17]. In the present
study, we demonstrated that the frequency of serum fer-
ritin deficiency changed significantly according to the age
of AG patients, which is consistent with the findings on
RAS and OLP [16, 17]. Moreover, we found that the sta-
tistical results for anemia were highly matched to those
of vitamin B12 deficiency, both in the chi-square test and
logistic regression analysis, which is easily understood as
anemia in most patients was directly caused by vitamin
B12 deficiency.

It should be noted that a description of the color of
tongue atrophy, such as pink, red or magenta, proved to
be subjective and the consistency was low among clini-
cians [10]. In addition, the color did not have any signifi-
cance in AG grading and did not affect the accuracy [10].
Therefore, only the extent of lingual papillae atrophy was
considered in the diagnosis of AG and its grading in the
present study. Here, two well trained oral medicine spe-
cialists assessed tongue atrophy independently in order to
minimize subjective errors. If there was any controversy
regarding the diagnosis of AG, a third specialist partici-
pated in the discussion. For a more objective evaluation
of the exact extent of mucosal atrophy, one theoretically
feasible method is the application of a non-invasive imag-
ing device and/or medical image analysis software. For
example, linked color imaging (LCI) is a recently devel-
oped image-enhanced endoscopy system and can clearly
distinguish the border of mucosal atrophy under various
conditions of gastritis [18]. It might be possible to apply
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LCI, with some modifications if necessary, to determine
the extent of tongue atrophy.

Here, a minority of AG patients had suboptimal
therapeutic outcomes, which may have been the result
of other coexisting etiological factors, such as candi-
diasis and xerostomia [19, 20]. Although we excluded
the individuals with Sjogren’s syndrome and diabe-
tes mellitus, we did not perform the examination of
the tongue for Candida and salivary secretion test,
which are limitations of our study. Kimori H et al.
demonstrated that high Candida count and low sali-
vary secretion were closely associated factors for the
risk of development of AG [19]. And there is higher
prevalence of Candida colonization in the individuals
with AG than those without AG in xerostomia patients
who had no systemic predisposing factors [20]. Fur-
thermore, compared with controls, patients with xero-
stomia exhibited significantly increased presence of
atrophy of tongue papillae and higher numbers of Can-
dida [21]. The hematological examinations were not
performed in the above-mentioned previous studies.
Based on our findings and previous studies, we sug-
gested that routine hematological screening for hema-
tinic deficiencies should be assessed in all patients
with AG. Further studies should investigate the asso-
ciation between oral candidiasis, xerostomia and vita-
min B12 deficiency in the development of AG.

Conclusion

AG may be an important clinical indicator of vitamin B12
deficiency, especially when the degree of tongue atrophy
is more than 50% or complete atrophy is present. More-
over, we also suggest that vitamin B12 deficiency might
be an etiological factor in AG and its grading.

Abbreviations

AG atrophic glossitis.

a Confidence Interval.
DNA Deoxyribonucleic acid.
Hb hemoglobin.

QR Quartile range.

LCl linked color imaging.
OLP Oral lichen planus.

OR Odds ratio.

OSF Oral submucous fibrosis.
PV pemphigus vulgaris.
RAS Recurrent aphthous stomatitis.
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