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Abstract

Interleukin-6 (IL-6) is a cytokine that contributes to the pathogenesis of oral lichen planus (OLP). 
The aim of this meta-analysis study is the evaluation of IL-6 levels in the serum and saliva of patients with 
OLP compared with healthy controls. We searched the studies in 5 databases: PubMed/Medline, Scopus, 
ScienceDirect, Web of Science, and Cochrane Library, from 1983 to Oct 31, 2016. Eleven studies were 
analysed for the meta-analysis study. The reviewers independently evaluated the quality of each includ-
ed study using the Newcastle-Ottawa Quality Assessment Scale (NOS). A random-effects meta-analysis, 
using Comprehensive Meta-Analysis software version 2.0, was used to reflect the variation in studies. 
Heterogeneity between estimates was evaluated by the Q and I2 statistics and for the Q statistic; hetero-
geneity was considered for p < 0.1. Eleven studies included 529 OLP patients and 333 healthy controls. 
The review identified two different biomaterials used for IL-6 assays: saliva and serum. The mean quality 
score of eleven studies was 7 (high quality). Estimates pooled from 6 studies showed significant high 
saliva IL-6 levels in OLP patients compared with healthy controls (the standardised difference in means  
(SDM) = 4.534, 95% CI = 1.915-7.153, p = 0.001). Also, estimates pooled from 7 studies showed 
significantly high serum IL-6 levels in OLP patients compared with healthy controls (SDM = 1.482,  
95% CI = 0.524-2.439, p = 0.002). The higher levels of IL-6 in saliva compared with serum suggest that 
measurement of this marker in saliva may be more useful than serum for diagnostic and therapeutic aims. 
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Introduction
Oral lichen planus (OLP) is a chronic inflammatory and 

autoimmune disease that affects about 1.9% [1] to 4% [2] of 
the population. It occurs more frequently in females [1, 2], 
and the immunological system is believed to play a signif-
icant role in it [3]. This autoimmune disorder is mediated 
by T cells [4] that locally present in the involved tissue re-
lease cytokines like interleukin-6 (IL-6), which contributes 
to the pathogenesis of OLP. IL-6 has been associated with 
multidrug resistance protein (MRP) expression by kerati-
nocytes [5] that up-regulate MRP expression seen in OLP 
lesions [6]. Immunological other activities of IL-6 include 
B-cell differentiation and stimulation of immunoglobulin G 
secretion, T cell differentiation and growth, and cytotoxic T 
cell differentiation [7]. The levels of IL-6 increase in the se-
rum of patients with malignant lesions [8]. This interleukin 
inactivates the p53 tumour suppressor gene [9], promotes 

tumour cell proliferation [10], and increases the develop-
ment and progression of some cancers [11], such as oral 
squamous cell carcinoma [12]. Therefore, levels of IL-6 in 
the serum and saliva of OLP patients are considered as reli-
able indicators of therapeutic response on a molecular basis 
[2, 5, 13-21]. The purpose of this meta-analysis study is to 
evaluate IL-6 levels in the serum and saliva of patients with 
OLP compared with healthy controls.

Material and methods

Search strategies and study criteria

We searched the studies in 5 databases (PubMed/Med-
line, Web of Science, ScienceDirect, Cochrane Library, and 
Scopus) from 1983 to Oct 31, 2016, for English-language 
publications, using the keywords “oral lichen planus”, 
“OLP”, “interleukin-6”, and “IL-6”. 
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of patients with OLP compared with control subjects by 
using meta-analysis. Heterogeneity between estimates was 
evaluated by the Q and I2 statistics and for the Q statistic; 
heterogeneity was considered for p < 0.1. Confidence in-
terval (CI) was 95% and a two-sided p value < 0.05 was 
considered to be statistically significant in this study. Pub-
lication bias was evaluated through funnel plot analysis 
with Begg’s and Egger’s tests.

Results
Out of 369 studies searched in databases, 57 studies 

were evaluated for eligibility. Of those 57 studies, 26 stud-
ies reported other interleukins (except for IL-6), 12 reported 
IL-6 in other diseases (except for OLP), two were review 
studies, two had no healthy controls, two were conference 
papers, one study reported both LP and OLP as patient 
groups, and one study had no mean ±SD, which meant 
that these studies were excluded from our analysis (Fig. 1). 
Therefore, 11 studies were analysed for meta-analysis study 
(Table 2).

Study characteristics

Table 1 shows the characteristics of 11 studies included 
in meta-analysis. All studies were published between 1994 
and 2015. Four studies were reported in the USA [2, 13, 14, 
19], two studies in Taiwan [15, 16], two studies in China 
[17, 18], one in Belgium [20], one in Japan [21], and one 
study in India [9]. These 11 studies included 529 OLP pa-
tients (range, 10 to 158 patients) and 333 healthy controls 
(range, 13 to 77 controls). The mean age of the healthy con-
trols varied from 34.9 [21] to 62.5 years [2]; four studies  
[9, 13, 14, 20] did not report the mean age. The mean age 
of the OLP patients varied from 45 [18] to 64.1 years [2]; 
one study [20] did not report the mean age. The review 
identified two different bio-materials used for IL-6 assays: 
saliva [13, 14, 17-20] and serum [2, 5, 15, 16, 18, 20, 21].  
The study by Gu, 2004 [2] had no relevant IL-6 levels of ul-
cerative OLP patients (two cases had very high IL-6 levels) 
and therefore we compared the mean and SD of reticular 
OLP patients with controls.

Meta-analysis of IL-6 levels of OLP patients

Estimates pooled from 6 studies showed significant-
ly high levels of IL-6 of saliva in OLP patients compared 
with healthy controls (SDM = 4.534, 95% CI: 1.915-7.153,  
p = 0.001). However, statistically significant heterogeneity 
was found across the studies (I2 = 97.87%, p < 0.001) (Fig. 2). 

Estimates pooled from seven studies showed a sig-
nificantly high level of IL-6 of serum in OLP pa-
tients compared with healthy controls (SDM = 1.482,  
95% CI: 0.524-2.439, p = 0.002). However, statistically 
significant heterogeneity was found across the studies  
(I2 = 96%, p < 0.001) (Fig. 3). 

Study selection

One reviewer (M.S.) searched the articles, and then 
the second reviewer (H.R.M.) did the same, blinded to the 
first reviewer. If there was any disagreement between the 
two reviewers, a third reviewer (R.S.) resolved the prob-
lem. All studies were searched for the evaluation of IL-6 
levels in the serum and saliva of patients with OLP com-
pared with healthy controls. Studies were included if: a) 
they were just case-control studies in the English abstract;  
b) they assessed IL-6 levels in the serum or saliva of OLP 
patients; c) they diagnosed OLP based on clinical methods, 
histological methods, or both by the World Health Organ-
isation (WHO) [21]; d) the control subjects did not have 
OLP or any other cutaneous dermatological or systematic 
disease; and e) the OLP patients had no any other derma-
tological and systematic disease.

Data extraction

The relevant data extracted from each study included:  
the name of the author, year of publication, country of origin, 
number of OLP patients, number of control subjects, male/fe-
male ratios for both groups, age for both groups (mean ±SD), 
and levels of IL-6 (mean ±SD). IL-6 levels were measured 
from serum and saliva with the immunoenzymatic technique 
(ELISA) performed with a human IL-6 high-sensitivity  
ELISA kit, and different units of measurement were used 
across the studies (pg/ml or ng/l). If the data were presented 
using the standard error (SE), then the formula:

          SDSE = –––––––– 	         was used to calculate SD (N = sample size).
          √N

If the data were presented using several SDs, the mean 
SD was calculated by the formula:

SD
mean

 = √SD2
mean 

=√ SD2
A SD2

B

N
A

N
B

+ + ... (N = sample size)

Quality evaluation

Two authors (M.S. and H.R.M.) independently eval-
uated the quality of each included study using the New-
castle-Ottawa Quality Assessment Scale (NOS) to deter-
mine the quality of selection, comparability, exposure, and 
outcome of study individuals, with a maximum score of  
9 points. The studies quality was divided into three catego-
ries: (Ι) high quality (scored 7 to 9); (ΙΙ) moderate quality 
(scored 4 to 6); and (ΙΙΙ) low quality (scored 0 to 3). Dis-
agreements were resolved through mutual discussion [22].

Statistical analysis

A random-effects meta-analysis, using Comprehensive 
Meta-Analysis software version 2.0 (CMA 2.0) was used 
to reflect variations in studies. The standardised difference 
in means (SDM) of the studies were calculated in compar-
ison to the estimate of IL-6 levels in the serum or saliva 
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Quality evaluation

Table 2 shows the quality score for each study in the 
meta-analysis. The mean quality score of the eleven stud-
ies was 7 (high quality).

Publication bias

Figure 4 shows the symmetric funnel plot. Begg’s and 
Egger’s tests did not reveal significant evidence of publica-
tion bias among the included studies on saliva (Begg’s test, 
p = 0.188; Egger’s test, p = 0.116) (Fig. 4A). Also, Begg’s 
and Egger’s tests did not reveal significant evidence of 
publication bias among the included studies on serum 
(Begg’s test, p = 0.176; Egger’s test, p = 0.153) (Fig. 4B).

Discussion
This meta-analysis study indicated six studies on sali-

va (144 OLP patients and 162 healthy controls) and sev-
en studies on serum (469 OLP patients and 251 healthy 
controls). A random-effect model was done to calculate 
the pooled estimates because there was a significant het-
erogeneity between studies. The pooled SDM showed that 
IL-6 levels in saliva and serum of OLP patients were sig-
nificantly higher than healthy controls, whereas IL-6 lev-
els in saliva were higher (around three-fold) than serum.  
The results of Begg’s and Egger’s tests also showed a lack 
of significant publication bias. Ten of the eleven studies in 
this meta-analysis reported that the IL-6 levels in serum or 
saliva of OLP patients were higher than healthy controls 
(p < 0.05) (except for Liu’s study [17]).

IL-6, a cytokine, increases at the sites of inflamma-
tion in autoimmune diseases such as OLP [15]. This cy-
tokine can serve as a biomarker to predict disease severity 
and monitor disease activity [23]. Kaur et al. [20] checked 
IL-6 levels of saliva and serum in 54 OLP patients and  
50 healthy age-matched controls with smoking and/or alco-
hol consumption. The results showed no significant difference 
between both groups for IL-6 levels. Rhodus et al. [19] com-
pared 13 OLP patients (77% smoker) with 13 age and sex-
matched healthy controls (23.1% smokers) and showed that 
the levels of this cytokine between smoking and non-smoking 
groups did not show a significant difference, but in a study of 
cervical cancer, it was noted that IL-6 levels were higher in 
the cervical mucus of smokers compared with non-smokers 
[24]. Another study, on leukoplakia and oral cancer patients 
[25], reported that smoking did not affect concentrations of 
IL-6 of serum or saliva, and there was no significant differ-
ence in salivary concentration of this cytokine between smok-
ers and non-smokers. Although smoking can be a risk factor 
of OLP, the results showed that this factor cannot significant-
ly increase IL-6 levels in OLP disease. In a study by Kaur  
et al. [20] the IL-6 levels of serum and saliva were signifi-
cantly higher in advanced stages of OLP lesions as compared 
to early stages. Sun et al. [15] studied 158 patients (27.2% 

Fig. 1. Flow chart of the study selection processes to iden-
tify studies eligible for the systematic review

PubMed: 79� Web of Science: 132
Scopus: 130� Science Direct: 28

Cochrane Database: 0
Total: 369 studies

11 studies included and analyzed for meta-analysis

171 studies 
were excluded  

because duplicate

141 studies were 
excluded because  

not relevant

26 studies excluded 
because reporting  

of other interleukins

12 studies excluded 
because reporting 

of IL-6 in other diseases

2 studies excluded 
because were  
review study

2 studies excluded 
because had no healthy 

controls

2 studies excluded 
because were  

conference paper

1 study excluded  
because no reported 
mean ±SD for IL-6

1 study excluded because 
reporting both OLP and 

LP as patient group

198 studies screened

57 studies evaluated 
for eligibility

men, age range 19-79 and mean 51.3 years) with OLP; none 
of them had taken any prescription medication for around 
three months before entering the study. The mean level of 
IL-6 was 5.1 in erosive OLP patients and 4.5 in non-erosive 
OLP. Another study by Sun et al. [16] checked 149 pa- 
tients (mean age 53 years, range 19-87 years) with OLP 
(136 erosive OLP and 13 non-erosive OLP patients); all the 
patients had not taken any prescription medication at least 
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three months before entering the study. The mean serum 
IL-6 level in major type was significantly higher than that 
in minor type erosive OLP patients, suggesting that the se-
rum IL-6 level may be associated with the severity of dis-
ease. Gu et al. [2] evaluated 20 OLP patients for IL-6 levels:  
10 with erosive OLP, and 10 with reticular OLP. IL-6 level 
was significantly higher in both oral exfoliated cells and se-
rum in patients with ulcerative OLP compared with patients 
with reticular OLP (two patients with ulcerative OLP were in 
a very active disease phase so their serum IL-6 levels were 
greater than 100 pg/ml and deleting the two cases did not 
change the trend). This could be due to local and systemic 
production of IL-6 by many cell types. Therefore, the IL-6 
levels may change in types of OLP and with the severity  
of OLP.

Zhang et al. [18] demonstrated that there was a sig-
nificant correlation between serum and salivary levels of 

IL-6 in Chinese OLP patients. The levels of this cytokine 
in saliva went up with the levels of its serum partner in 
the OLP group. A study by Rhodus et al. [13] supported 
a significant increase level of IL-6 in patients with OLP 
and a positive correlation between increased serum and 
salivary IL-6 levels and clinical forms of OLP lesions [26]. 
Therefore, based on these results and meta-analysis, the 
saliva levels of IL-6 are greater than the serum levels, and 
when the saliva is more convenient and safer the evalu-
ation of the levels of salivary IL-6 in OLP patients are 
proffered that the serum levels in future treatments.

Limitations

First, most studies for the evaluation of salivary IL-6 
levels used small sample sizes. Second, the kits used for 
measurement of IL-6 levels had different sensitivities and 

Table 1. The characteristics of the eleven studies included in meta-analysis

Study Country Number  
of controls

Number  
of OLP 
patients

Sex  
of controls, 

M : F

Sex of OLP 
patients, 

M : F

Mean age  
of controls

Mean age  
of OLP 
patients

Gu, 2004 [2] USA 10 10 3 : 7 1 : 9 62.5 64.1

Goel, 2015 [5] India 10 42 Matched 8 : 7 Matched 46.9

Rhodus, 2005 [13] USA 13 13 0 : 13 0 : 13 58 57

Rhodus, 2006 [14] USA 13 13 Matched 0 : 13 Matched 57.2

Sun, 2005 [15] Taiwan 54 158 4 : 5 43 : 115 NR 51.3

Sun, 2002 [16] Taiwan 77 149 32 : 45 46 : 103 45 53

Liu, 2011 [17] China 43 21 4 : 17 15 : 28 60.4 57.3

Zhang, 2008 [18] China 30 30 1 : 1 8 : 7 40 45

Rhodus, 2005 [19] USA 13 13 3 : 10 4 : 9 58 57

Kaur, 2015 [20] Belgium 50 54 – – Matched Matched 

Yamamoto, 1994 [21] Japan 20 26 1 : 1 3 : 10 34.9 61.2

NR – not reported, M : F – male to female, OLP – oral lichen planus

Table 2. Quality assessment of the included studies based on the Newcastle-Ottawa Scale

Study Selection Comparability Exposure/Outcome Total score

Gu, 2004 [2] **** ** ** 8

Goel, 2015 [5] *** ** ** 7

Rhodus, 2005 [13] *** ** ** 7

Rhodus, 2006 [14] ** ** ** 6

Sun, 2005 [15] *** ** ** 7

Sun, 2002 [16] ** * ** 5

Liu, 2011 [17] **** ** ** 8

Zhang, 2008 [18] *** ** ** 7

Rhodus, 2005 [19] **** ** ** 8

Kaur, 2015 [20] **** * ** 7

Yamamoto, 1994 [21] **** * ** 7
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Study name		  OLP group			   Control group		  Std diff in means and 95% CI	 Relative
	 Mean	 SD	 N	 Mean	 SD	 N		  weight

Kaur, 2015 	 32.28	 4.06	 54	 16.60	 1.88	 50		  17.62

Liu, 2011 	 3.64	 4.47	 21	 7.91	 4.05	 43		  17.75

Rhodus, 2005a 	 371.35	 205.52	 13	 47.46	 18.74	 13		  17.46

Rhodus, 2005b 	 148.12	 21.30	 13	 2.26	 0.72	 13		  14.96

Rhodus, 2006 	 74.01	 9.67	 13	 1.35	 1.33	 13		  14.56

Zhang, 2008 	 48.79	 8.53	 30	 29.90	 4.68	 30		  17.66

Total			   144			   162		  100%

Heterogeneity: Tau2 = 9.97; Chi2 = 235.56, df = 5 (p < 0.001); I2 = 97.87%
Total for overall random-effect: Z = 3.394 (p = 0.001)

	 –20.00	 –10.00	 0.00	 10.00	 20.00
		  OLP		  Control

Fig. 2. Forest plot of random-effect of interleukin-6 levels of saliva in OLP groups compared with healthy controls; Std 
diff – standard difference, OLP – oral lichen planus

Study name		  OLP group			   Control group		  Std diff in means and 95% CI	 Relative
	 Mean	 SD	 N	 Mean	 SD	 N		  weight

Goel, 2015	 3.72	 8.14	 42	 1.72	 1.52	 10		  14.14

Gu, 2004	 1.43	 1.98	 10	 0.38	 0.93	 10		  13.44

Kaur, 2015	 15.78	 1.98	 54	 5.13	 2.11	 50		  13.77

Sun, 2002	 3.40	 3.10	 149	 2.00	 1.50	 77		  15.07

Sun, 2005	 5.00	 8.80	 158	 2.10	 1.47	 54		  15.02

Yamamoto, 1994	 50.10	 36.10	 26	 18.30	 8.70	 20		  14.32

Zhang, 2008	 24.24	 7.10	 30	 10.40	 4.35	 30		  14.24

Total			   469			   251		  100%

Heterogeneity: Tau2 = 1.56; Chi2 = 150.12, df = 6 (p < 0.001); I2 = 96%
Total for overall random-effect: Z = 3.03 (p = 0.002)

	 –7.00	 –3.50	 0.00	 3.50	 7.00
		  OLP		  Control

Fig. 3. Forest plot of random-effect of interleukin-6 levels of serum in OLP groups compared with healthy controls; Std 
diff – standard difference, OLP – oral lichen planus

Fig. 4. Funnel plot of random-effect of interleukin-6 of (A) saliva and (B) serum in oral lichen planus groups compared 
with healthy controls; Std diff – standard difference
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specificities. Third, in some studies, OLP patients and 
healthy controls were not age and sex matched. Fourth, 
the numbers of patients based on the type of OLP in meta- 
analyses were different. These limitations may create 
a high heterogeneity in the results of meta-analysis, al-
though there was no publication bias between the studies, 
and these were of high quality.

Conclusions 
This meta-analysis suggests that IL-6 may be an im-

portant biomarker, and it confirms the role of this cytokine 
in the pathogenesis of OLP. Also, the higher levels of IL-6 
in saliva compared with serum suggest that measurement 
of this marker in saliva may be more useful than serum for 
diagnostic and therapeutic aims.
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