
Biological Trace Element Research (2021) 199:912–924

Micronutrients Profile in Oral Lichen Planus: a Review Literature

Narges Gholizadeh1
& Nafiseh Sheykhbahaei2

Received: 28 March 2020 /Accepted: 25 May 2020
# Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract
Oral lichen planus (OLP) is a relatively common chronic inflammatory disease. The micronutrients are critical factors
in health of oral mucous and proper function of immune system. There have not been any review articles for
evaluating trace element levels before and after standard treatments of OLP. The purpose of this study is to provide
complete review of the association of micronutrients with OLP. Databases including PubMed, Google Scholar, Scopus,
and Embase (Ovid) with keywords of oral lichen planus, OLP, oral disorder, micronutrients, trace element, nutrient
element, antioxidant, oxidative stress, malnutrition, and essential trace elements, without time limitation (1900–2019)
were searched to collect data on related articles. Total number of 58 original articles including 12 randomized clinical
trials, 41 case-control, 4 case reports, and 1 cell line research were reviewed in this study. Lower levels of iron and its
associated markers, such as hemoglobin and ferritin, increased levels of TIBC; reduced levels of zinc, calcium, vitamin
D, vitamin B12, folic acid, and antioxidants such as vitamins C and E; and increased levels of oxidants and homo-
cysteine, have been reported in OLP patients.
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Introduction

Micronutrients, including trace elements, vitamins, and anti-
oxidants, play an important role in regenerative processes
against oxidative stress products in the tissues. The clinical
features of micronutrient malnutrition on the oral health mu-
cosa are widely recognized, comprising immune system com-
plication and susceptibility to various oral and systemic dis-
eases [1]. Trace elements are found in low amounts in natural
environments [2]. According to the WHO classification, trace
elements have been divided into three groups: Essential trace
elements (ETE), probably essential elements, and potentially
toxic elements [3]. Each trace element is related to the func-
tions of a lot of enzymes, a combination of various symptoms

is related to the deficiency of a single trace element rather than
any specific clinical manifestations [1]. Vitamins are organic
essential micronutrients that an organism needs in small quan-
tities for the proper functioning of its metabolism; some of
them have hormonal activity [4, 5]. Oxidant-antioxidant im-
balance resulting in excessive accumulation of ROS is defined
as oxidative stress [6]. Many investigators have noticed the
association between micronutrient deficiency and inflamma-
tory disorders. Lichen planus (LP) is a chronic inflammatory
disease accompanied by several clinical manifestations that
affect the skin, nails, hair, and mucous membranes [7]. The
mechanism of T cell-mediated apoptosis depends on the ex-
pression of an unknown antigen that inactivates keratinocytes
[8]. Adequate intakes of micronutrients are required for the
efficient function of the immune system. Micronutrient defi-
ciency dysregulates the balanced host natural defense re-
sponse by suppressing immune functions through affecting
the innate (physical barriers in skin/mucosa), cellular, and
humoral immunity systems [9].

As there had been limited knowledge among the oral phy-
sicians regarding significance of trace elements in OLP pa-
tients, the current review focuses on the role of those
micronutrients including essential trace elements, vitamins,
and antioxidants, which have a proven role in maintaining oral
health and their implications in OLP.
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Materials and Methods

Databases including PubMed, Google Scholar, Scopus, Web
of Science (SCI), and Embase with search terms of “lichen
planus” OR “oral lichen planus” OR “OLP” AND, “oral dis-
order’ OR “Oral diseases”, AND,” micronutrients” OR” nu-
trient element” AND “trace element” OR “essential trace ele-
ments”, AND, “antioxidant’, AND, “oxidative stress”, AND,
“malnutrition”, without time limitation (1900–2019) were
searched to collect data on related articles. The inclusion
criteria were original article including case-control, case re-
port, case series and clinical trials, evaluation of one of the
micronutrients in OLP patients, confirmation of OLP accord-
ing to clinical and histopathologic criteria based on modified
WHO or krunch-koff and Eisenberg criteria, measurement of
one of the micronutrients levels in at least one medium such as
saliva, serum, transudate/tissue specimens or cell line, inter-
ventional studies to evaluate the efficacy of micronutrients in
the management of OLP also evaluated the lesion response,
and articles published only in the English language.

Exclusion criteria comprised of reviews, abstracts, com-
mentaries, letters to the editor, opinion articles, review articles,
evaluation toxic elements, other oral disorder, oral lichenoid
reactions instead of OLP, or diagnosed OLP according to no
reliable criteria or showing evidence of dysplasia of the tissue.

Results

Two authors (N.GH. and N. SH.) independently searched the
above databases and assessed the titles and abstracts of all
eligible publications.

By searching the mentioned databases, 467studies were
found. Then we removed the duplicate articles. A total of
122 articles related to the subject were identified and their full
text was extracted in PDF format. Of these, 64 articles were
excluded due to inconsistency with the inclusion criteria.
Finally, 58 completely related articles that met the inclusion
criteria were included in this study.

Micronutrients in patients have been studied in three main
categories: trace elements, vitamins, and antioxidants.
Measurements are often taken directly in different mediums
such as a serum, saliva, urine, and tissue samples, while in
some studies, indirectly, micronutrient-dependent mediators
have been studied, for example, vitamin D receptor (VDR)
levels are associated with vitamin D or antibodies against
gastric parietal cells associated with vitamin B12 levels.
Genetic studies in this area appear to have a very small per-
centage, some of which have studied and compared single
nucleotide polymorphisms in genes associated with
micronutrients in patients and healthy individuals, or overex-
pression or underexpression of microRNAs associated with
pathogenes is in OLP af ter t rea tment wi th some

micronutrients. A relatively large group of studies have also
investigated the therapeutic effects of various micronutrients
in improving or reducing the symptoms of OLP patients.
Among the 12 clinical trial studies that examined the thera-
peutic effects of micronutrients, 5 of them were before and
after and 6 studies were randomized clinical trials. Three case
report studies have also examined the therapeutic effects of
micronutrients in patients with OLP. One study also looked at
the therapeutic effects of vitamin A on the cell lines involved
in OLP. Most interventional studies have examined the sever-
ity of OLP clinical symptoms in most cases based on the
visual analogue scale (VAS) and Thongprasom criteria, and
some have considered other levels of markers or inflammatory
indicators. Case-control studies are the largest category of
studies. In some cases, tissue or cellular samples have been
compared, and in others, serum, salivary, or urinary levels of
micronutrients have been compared (Tables 1, 2, 3, 4, and 5).

Discussion

According to the best of our knowledge, serum is the most
common medium for examining levels of micronutrients in
OLP patients. All three major groups of micronutrients have
been studied in serum. Of these, zinc and iron are the most
common trace elements studied in OLP. All researches about
folic acid and vitamin B12, except for one clinical trial study,
have been performed on serum as case-control studies.
However, only one study examined vitamin A levels in serum.
Two studies have reported a higher prevalence of polymor-
phisms in genes associated with micronutrients such as VDR
and methylenetetrahydrofolate reductase (MTHFR) 677 in
OLP patients (Table 1). Saliva has also been a popular medi-
um in recent years for examining many markers associated
with various diseases. Of the nine studies that evaluated sali-
vary levels of micronutrients, seven of them reported in-
creased levels of antioxidant, and two reported decreased in
trace element levels in OLP patients (Table 2). Two studies
have examined the serum and salivary levels of micronutrients
at the same time. Ergun et al. showed a significant correlation
between oxidant and antioxidant salivary and serum levels,
and Chuykin showed similar results between trace elements
in saliva and serum of patients (Table 3). These results suggest
that saliva can be considered as a reliable medium in assessing
micronutrient levels instead of serum in the future. More ac-
cessibility, more accurate, less expensive, and less risk of
transmission of infection to healthcare workers and cross in-
fection reduce the stress and discomfort of patients in saliva
sampling to serum.

Based on the results of clinical trials in the vast majority of
these studies, improvement of clinical symptoms and decrease
pain, burning sensation, and size of the lesions using VAS and
Thongprasom criteria have been reported to be significant.
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Also, some interventional studies have shown a significant
decrease in the level of markers or inflammatory indicators.
It should be noted that most of these indicators have been
studied in patients’ serum and only one case as a cell line.
Vitamin A and antioxidants such as vitamin C and selenium
are the most common micronutrients that have been shown
to have therapeutic effects in OLP patients. According to the
results of the research, the only trace element that has proven
therapeutic effects in OLP patients is zinc, which shows the
importance of examining the therapeutic effects of other
micro-neutrinos in future studies (Table 4). In other me-
diums such as urine, direct or indirect tissue specimen’s
analysis, and cellular examination, a significant reduction
in the number of micronutrients associated with OLP has
been confirmed (Table 5).

Micronutrients are one of the cornerstones in the mainte-
nance of biodynamic of the body. Both deficiency and ex-
cess of micronutrients trigger and continue the progression
of various diseases [10] by impairment of critical mecha-
nisms of the host defense including cellular membrane sta-
bility, apoptosis, host metabolism, and enzymatic activity
[9]. The clinical interest in micronutrient determination for
the diagnosis and treatment of different diseases has in-
creased in recent years [3]. Of the trace elements, six of them
have been studied more in patients with OLP.

Zinc has vital roles in cellular growth and division, nor-
mal immune function, collagen synthesis, and wound
healing [4]. Inadequate zinc intake through disturbance in
innate cellular immunity, Th1 response, and maintenance
of skin and mucosal membrane disintegrate is associated
with the pathogenesis of lichen planus [11–14].

Most of the included articles in this study indicated a
significant decrease in serum and/or salivary levels of zinc
in the OLP patients (Tables 1, 2, and 3). In addition, the
decrease in zinc levels in OLP women appears to be more
pronounced than in OLP men [15]. In contrast, two studies
reported increased zinc levels in OLP patients [16, 17]. In
spite of reporting a significant increase in the zinc salivary
level in patients with pre-malignant and malignant lesions
compared to the control group, they found that the copper/
zinc ratio was decreased in both groups compared to the
control group [16]. Another research has also suggested the
importance of zinc deficiency in increasing the risk of oral
cavity malignancy [12]. In addition, topical and systemic
forms of zinc resulted in a significant improvement of OLP
lesions [18, 19].

Calcium (Ca) acts as an intracellular mediator in regulat-
ing the immune system function such as differentiation of
immune cells and gene transcription [10]. Hypocalcemia has
been reported as the causative factor in oral ulcers such as
aphthous stomatitis [20]. We found some controversies in
reviewed articles in regard to calcium level in OLP patients.
Ma et al. showed that a decrease in Ca levels in peripheralT
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blood lymphocytes of OLP patients was associated with a
significant increase in the expression of STM1 and MBP-
Golli mRNA, which was effective in T-lymphocyte activity
and function [21]. In one study [17], the salivary Ca levels,
although insignificant, were higher than in the control group.

Iron is necessary for cellular differentiation and prolifera-
tion. Iron deficiency causes a thin layer of epithelium,mucosal
inflammatory, and atrophy changes that expose mucosa to
environmental factors impairing the immune system and in-
creasing permeability [9]. Based on our research, serum and
salivary levels of iron and related markers such as ferritin and
hemoglobin in the OLP patients were significantly lower than
in healthy subjects (Tables 1, 2, and 3). The prevalence rate of
OLP in IDA patients is significantly higher than in healthy
individuals [22]. CHANG et al. showed that the presence of
autoantibodies against parietal and thyroid cells in the OLP
patients was significantly correlated with decreased iron and
hemoglobin levels [23–25]. Adjuvant therapy with topical
corticosteroid and iron supplementation resulted in significant
improvement of OLP lesions. With iron deficiency, the turn-
over of epithelial cells becomes faster and causes atrophic or
immature mucosa [22]. In addition, aging due to low-grade
inflammation in the body is associated with impaired iron
absorption and metabolism, and ultimately a decrease in iron
stores in the body, which can predispose the oral mucosa to
diseases such as OLP at an older age [26].

Copper contributes to the proper function of the immune
system components such as neutrophils, monocytes, and su-
peroxide dismutase. Copper along with catalase and glutathi-
one peroxidase is involved in the cytosolic antioxidant de-
fense system against ROS. Excessive or insufficient amounts
of copper affect the immune system in the long term [9]. There
are controversies about the level of copper in OLP patients
(Tables 1, 2, and 3). Ayinampudi et al. stated that the

reduction of the copper/zinc ratio in pre-malignant and malig-
nant lesions was more important than the levels of each of
these elements separately [16]. In pre-malignant lesions, such
as OLP, elevated oxidative stress levels established may jus-
tify an increase in copper levels in response to oxygen free
radicals in these patients [26].

Magnesium (Mg) plays an important role in cellular mem-
brane stabilization and neural conduction and enzymes func-
tion [27]. There are several controversies about magnesium
levels in OLP patients in various studies. In one study a sig-
nificant decrease in salivary Mg levels in OLP patients has
been reported, it seems that this finding is related to increased
macrophage and neutrophil activity, autoimmune processes,
and free radical oxidation [17]. However, salivary and serum
Mg levels in the OLP patients in another study showed higher
levels than the control; also, the severity of lesions had a direct
association with increasing Mg level. This increase is likely a
reflection of the nonspecific compensatory response to de-
crease inflammatory responses [27].

Selenium accompanied by other antioxidants such as vita-
mins A, C, and E is a crucial factor in proper innate and
acquired immune responses. It triggers the expression of the
genes encoding the proteins involved in immune response
(cytokines and adhesion molecules). Selenium deficiency re-
duces immunoglobulin titer and cellular immunity [28]. We
found two articles that evaluated the therapeutic effects of
selenium on OLP patients. Belal et al. (2015) showed that a
combination of SE-ACE (selenium combined with vitamins
A, C, and E), corticosteroids, and antifungals is effective in
treating erosive OLP but further studies are recommended
with more sample size and longer assessment period [29]. H
Wu et al. showed that selenium is effective in treating OLP
patients by regulating CD3+/CD4+ and CD4+/CD8+ expres-
sions [30].

Table 3 List of articles that evaluated serum and salivary levels of micronutrients

Author and year Micronutrient Study design Study groups Results p value

Ergun, 2014 [70] TAA and MDA Case-control OLP: 21
Control: 20

- TAA in serum
Control > OLP
- MDA in saliva
Control < OLP

p = 0.01
p = 0.03

Chuykin, 2016 [27] Zinc, copper, iron
Magnesium (Mg)

Case-control OLP: 191
Control: 30

- Zinc, copper, iron in serum and salivary
Control > OLP
Lower levels of zinc, copper, iron aggravate the

severity of OLP
- Mg in serum
Control<OLP
Control < “hyperkeratotic” OLP
- Mg in saliva
Control < OLP
Higher levels of Mg, aggravate the severity of OLP

p < 0.0001
NS: (p > 0.41)
p < 0.03
p < 0.0001

OLP, oral lichen planus; TAA, total antioxidant activity; MDA, malondialdehyde; NS, non-significant

All p values considered as significant if they were less than 0.05
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In addit ion to trace elements, other groups of
micronutrients are vitamins. Vitamin B12 acts as an immuno-
modulator for cellular immunity, especially in CD8+ and NK
cells [31]. Three categories of studies were found to evaluate
vitamin B12 levels in OLP patients.

The first group examined serum and/or salivary levels of
vitamin B12. Most studies reported a significant or insignifi-
cant decrease in this vitamin level in the OLP patients
(Tables 1, 2, 3, and 4). In a study, a higher percentage of
vitamin B12 depletion in men than in women (50.5/21.5%)
probably reflects a more pronounced role of this vitamin in the
pathogenesis of OLP in men. Besides, vitamin B12 deficiency
has been linked to increased lesion severity and the risk of
dysplasia [31]. The second set of studies examined the levels
of antibodies (Ab) against parietal cells and the presence of
pernicious anemia in the OLP patients [32]. These studies
showed that levels of this Ab were significantly increased in
the OLP patients and administration of vitamin B12 alone or
in combination with immunomodulatory drugs could be ef-
fective in decreasing the levels of autoantibodies, pain, and
severity of lesions in OLP [32, 33]. The third group of studies
simultaneously examined levels of B12 and auto-Ab against
parietal cells and MCV [23–25]. In all of these studies, ele-
vated levels of auto-Ab and MCV have been reported to co-
incide with a decrease in B12 levels. Accordingly, it is recom-
mended to check the level of B12 and other auto-Ab levels. It
is noteworthy that the administration of an intramuscular drug
(IM) is preferred over the oral form in patients with P.A due to
the absence of an intrinsic factor necessary for vitamin B12

uptake [33]. The levels of vitamin B12 and folic acid have
been co-evaluated in most studies. Since lowering serum B12
levels disrupts folate metabolism and results in lower levels,
folic acid assays are strongly recommended in patients with
B12 deficiency [31]. Some researchers believe that the pres-
ence of erosive OLP (EOLP) lesions due to increased irritation
and pain during chewing leads to malnutrition and exacerba-
tion of decreased folic acid and B12 levels in patients.
However, others have suggested similar effects of folic acid
on vitamin B12 through neuropsychological disorders in the
etiology of OLP [31]. Of the other group B vitamins, vitamins
B1 and B6 have been evaluated in the OLP patients, which
showed no significant difference [34].

Folic acid is a key factor in T cell-mediated apoptosis.
Folate deficiency reduces the circulating number of T-
lymphocytes and their proliferation, innate immune responses,
and resistance against infections in the elderly [35]. Folic acid
along with vitamin B12 is essential for cell growth and body
metabolism. Our study generally showed a decrease in folic
acid levels in the OLP patients significantly or non-
significantly (Tables 1, 2, 3, and 4). Nosratzadeh and Jolly
showed folic acid administration to be effective in treating
cutaneous or oral lichen planus by regulating immune system
activity they reported that although hematologic deficiencies
are higher in OLP patients than in healthy subjects, they may
not be the main etiology of OLP [4, 36]. However, some
studies have considered folic acid depletion through the de-
velopment of depression and psychologic stresses as an im-
portant etiologic agent in the incidence of OLP [37].

Table 5 List of articles that evaluated levels of micronutrients in other mediums

Author and
year

Micronutrient Study
design

Study
groups

Medium Results p value

Scrobotă, 2011
[6]

Malondialdehyde
(MDA) and glutathi-
one (GSH)

Case-control OLP:9
Control:4

Tissue specimens Control < OLP p <
0.00-
01

S. Iijima, 2015
[65]

Aluminum (Al), galium
(Ga), antimony (Sb),
hemoglobin (Hg),
lead (Pb), aurum
(Au), yttrium(Y)

Case-control OLP: 72
Control:

100

Directly analyze oral
mucosa by
particle-induced
X-ray emission
(PIXE)

- Al, Ga, Sb, Hg, and Pb
Control > OLP
- Au and Y
Control < OLP

p <
0.001

p <
0.001

Ma, 2016 [21] Intracellular
Ca2+

Case-control OLP:39
Control:

16

Intracellular Ca2+ Control > OLP p <
0.001

Nicolae, 2017
[71]

Ascorbic acid Case-control OLP: 28
Control:

50

Urinary level Control > OLP p =
0.001

Zhao, 2018
[46]

Vitamin D receptor Case-control OLP: 14
Control:

14

Tissue specimens Control > OLP
up-regulation TNFα and miR-346 in OLP

p < 0.05
p < 0.05

Zhao, 2019
[43]

Vitamin D/VDR signal-
ing

Case-control OLP
Control

Human oral
keratinocytes

Decreased VDR levels, suppress miR-802
expression

p < 0.05

OLP, oral lichen planus; NS, non-significant

All p values considered as significant if they were less than 0.05
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Homocysteine is a potent stimulator of cellular activity and
differentiation [38]. A decrease in the level of folic acid and
vitamin B12 increases the concentration of homocysteine in
patients with Alzheimer’s disease (AD) and rheumatoid arthri-
tis [39, 40]. The homocysteine level is significantly increased
in OLP patients [41]. Studies have shown that increased
MTHFR gene polymorphism is associated with increased
levels of homocysteine, dyslipidemia, and increased risk of
cardiovascular disease in the OLP patients. This gene is in-
volved in folate metabolism, DNA synthesis, and methylation
[42].

The role of vitamin D in regulating immune responses has
been approved. Vitamin D inhibits differentiation of B-
lymphocytes and secretion of immunoglobulin; also, the pro-
liferation of T-helper cells stimulates regulatory T-cells [43,
44]. Significantly and non-significantly, vitamin D deficiency
has been found in OLP patients compared to control (Tables 1
and 5). Although with a higher prevalence of vitamin D defi-
ciency [42, 46, 47], up-regulation of miR-346 and TNF-α and
down-regulation of vitamin D receptor were reported to be
responsible for the induction of apoptosis in oral mucosal
keratinocytes in OLP patients [46]. However, another study
showed the down-regulation of miR-802 in relation to de-
creased vitamin D receptor levels [43].

The level of antioxidants is a potential determinant of sus-
ceptibility to OLP. This suggests that oxidative stress is a
major trigger for OLP [29].

According to our research we found three categories of
studies that evaluated oxidant and antioxidant agents in OLP
including, vitamins, carotenoids, and antioxidants and oxi-
dants imbalance.

Vitamin A has critical functions in epithelial differentia-
tion, reducing the rate of epithelial keratinization, anti-
inflammatory and immunomodulatory effects, and reproduc-
tion [48, 49]. Hairu et al. showed that retinoic acid may sup-
press excessive T-lymphocyte proliferation and pro-
inflammatory cytokines in OLP [50, 51]. According to our
research, natural retinol and synthetic analogs both topically
and systemically are suggested for OLP treatment (Tables 1
and 4). Compared with corticosteroids, the vitamin A has less
therapeutic potency [52], but its combination with steroids has
significantly increased therapeutic effects [53], while Cahen
et al. showed that the inhibitory effect of vitamin A on lym-
phocyte function-associated antigen-3 (LFA-3) was greater
than that of corticosteroids [54]. Unlike other studies, Nagao
reported an increase in retinol levels in the serum of OLP
patients though they did not find this as a risk factor for
OLP [55].

Vitamins C and E have protective roles against oxidative
damage to DNA [29]. Intake of vitamin C from foods may be
responsible for a protective effect against head and neck can-
cers [56]. According to our data, there was a significant de-
crease in vitamins C and E levels in the OLP patients

(Tables 1, 2, and 4). In one study, the levels of these vitamins
exhibited a significant increase after curcumin treatment [57].
Administration of selenium with vitamins E and C lead to a
significant improvement in OLP lesions compared to cortico-
steroids [29].

Beta-carotene has a very strong antioxidant and immuno-
regulatory effect without toxicity [58]. One study demonstrat-
ed no significant difference in antioxidant levels in OLP sub-
jects and controls, but lycopene was lower in erosive OLP
[55]. Beta-carotene was shown to significantly reduce
micronuclei cytoplasmic fragments of DNA in OLP lesions
[58]. It increases in response to carcinogenic factors in pre-
malignant lesions, indicating recent DNA damage in exfoliat-
ed buccal mucosal cells. Therefore, some studies have report-
ed increased levels of some carotenoids in OLP patients
(Table 4). Carotenoids enhance the proliferation of B and T-
lymphocytes [59].

Oxidant-antioxidant imbalance resulting in excessive accu-
mulation of ROS is defined as oxidative stress [6]. This sug-
gests that patients with OLP are more susceptible to an imbal-
ance of antioxidant-oxidative stress status. Total antioxidant
capacity (TAC)/total antioxidant activity (TAA) [60],
ma lond i a l d ehyde (MDA) [61 ] , 8 - hyd roxy -2¢ -
deoxyguanosine (8-OHdG) [62], glutathione [6], and uric acid
[60] are the potential biomarkers for measuring the effect im-
balance of antioxidant-oxidative stress in OLP patients. All of
these studies reported a decrease in antioxidant levels and an
increase in oxidant levels significantly in OLP patients
(Tables 1, 2, 3, and 5). It has been established that OSCC
patients are more susceptible to oxidant-antioxidant imbal-
ance than the OLP patients. This may be a valuable finding
in the transformation of OLP to OSCC [62].

Given the evidence regarding the deficiency of some
micronutrients in OLP patients as well as the satisfactory re-
sults of the administration of micronutrients in the recovery
process of patients with OLP, it can be suggested that the
administration of laboratory tests to the assessment of
micronutrients levels are useful to detect deficiency of these
substances in such patients.

Conclusion

Based on our review literature, lower levels of iron and its
associated markers such as hemoglobin and ferritin, increased
level of TIBC, reduced levels of zinc, calcium, vitamin D,
vitamin B12, folic acid and antioxidants such as vitamins C
and E, and increased levels of oxidants and homocysteine
have been reported in OLP patients. Therefore, further clinical
and interventional studies are recommended to demonstrate
the role of these elements in the pathogenesis and treatment
of OLP.
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