
Introduction
Diabetic Retinopathy (DR) is one of the leading 

causes of blindness in the developed countries and it 
is an important disease that leads to visual loss, espe-
cially in 20- to 40-year-old individuals, i.e., in the work-
ing and most productive population of the commu-

nity. Currently, biomicroscope and ophthalmoscope 
examination and fluorescein angiography (FA) play an 
important role in the diagnosis and follow up of DR [1-
2]. But detecting the functional and anatomic changes 
that may occur in the eyes at the early periods, when 
DR findings cannot be detected clinically, is one of the 
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ABSTRACT 

Object: To detect differences between the thickness of the central foveal and the retinal nerve fiber layer in children with 
Type 1 Diabetes Mellitus (DM) and to detect neurodegenerative effects of diabetes on retina by assessing the effect of 
hypo-hyperglycemic attack existence.
Material and Methods: The children with Type 1 DM who applied to our policlinic with the aim of controlling possible 
diabetes complications and who had no diabetic retinopathy were prospectively evaluated. The healthy children in the 
same age group who applied to our policlinic for eye control and who had no systemic or eye disease were included in the 
control group. The following measurements from each patient were recorded: age, sex, DM period, HbA1C level, hypergly-
cemic and hypoglycemic attack number and central foveal thickness (CFT), minimum foveal thickness (MFT), parafoveal 
(ParaFT) and perifoveal thickness (PeriFT), central foveal of inner and outer retina, parafoveal and perifoveal thickness, 
and retinal nerve fiber layer thickness in 9 quadrants. OCT DEVICE RTVue version 4.0 (Optovue®, USA) was used in the 
measurement of retinal and foveal thicknesses.
Findings: In the comparison of macula parameters of the study group and control group, there was no difference in terms 
of central foveal thickness, minimum foveal thickness, parafoveal thickness, perifoveal thickness, central foveal thickness 
of the inner retina, central foveal thickness of the outer retina, parafoveal thickness of the inner retina, parafoveal thick-
ness of the outer retina, perifoveal thickness of the inner retina, perifoveal thickness of the outer retina values (p>0.05). 
In addition, no statistically significant differences were found between the groups in terms of average retinal nerve fiber 
layer (RNFL), temporal rim thickness, rim thickness nasal, upper / lower temporal rim thickness and upper / lower nasal 
rim thickness (p>0.05).
Result: In our study, no statistically significant differences were found in the RNFL and macula thicknesses of the patients 
with Type 1 DM who had no retinopathy compared to the control group. However, it was observed that the parafoveal thick-
ness is related to the level of HbA1C and the period of diabetes.
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Introduction
DM may lead to some ischemic conditions such as 

coronary artery disease, peripheral artery disease and 
retinopathy. It is characterized by a hyperglycemia that 
may cause microvascular and/or macrovascular com-
plications over time. Although diabetic retinopathy is 
its most common complication and neovascular glau-
coma, refractive changes[1] and various corneal dis-
orders may be also seen. These include dysfunction in 
the corneal endothelium, desensitization[2], stromal 
and subbasal nerve abnormalities[3], low endothelial 
density and hexagonality[4], increased corneal autoflu-

orescence[5], fragility that is raised with the decrease 
in corneal sensitivity, recurrent epithelial erosions, 
epithelial edema, desensitization and neurotrophic ul-
cers. Following argon laser iridotomy and intraocular 
surgery, endothelial dysfunction and persistent stro-
mal edema were the other corneal disorders that we 
were found in DM patients[6, 7]. It was noticed in 
many publications[8-16] that central corneal thickness 
(CCT) is increased in adult diabetes mellitus patients. 
However, this increase was not observed in some of 
the studies, [17-19]. In the studies that were done on 
the children with T1D, it was detected that in general 
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Increased of Langerhans Cells in Smokeless 
Tobacco-Associated Oral Mucosal Lesions

Érica Dorigatti de Ávila1, Rafael Scaf de Molon2, Melaine de Almeida Lawall1, Renata Bianco 
Consolaro1, Alberto Consolaro1

Abstract

Objective: To evaluate the changes in the number of Langerhans Cells (LC) observed in the epithelium of 
smokeless tobacco (SLT-induced) lesions. 
Methods: Microscopic sections from biopsies carried out in the buccal mucosa of twenty patients, who were 
chronic users of smokeless tobacco (SLT), were utilized. For the control group, twenty non-SLT users of SLT 
with normal mucosa were selected. The sections were studied with routine coloring and were immunostained 
for S-100, CD1a, Ki-67 and p63. These data were statistically analyzed by the Student’s t-test to investigate the 
differences in the expression of immune markers in normal mucosa and in SLT-induced leukoplakia lesions. 
Results: There was a significant difference in the immunolabeling of all markers between normal mucosa 
and SLT-induced lesions (p<0.001). The leukoplakia lesions in chronic SLT users demonstrated a significant 
increase in the number of Langerhans cells and in the absence of epithelial dysplasia. 
Conclusion: The increase in the number of these cells represents the initial stage of leukoplakia. 
Key words: Smokeless tobacco, leukoplakic lesions, cancer, langerhans cells, chewing tobacco.

Introduction

Among tobacco users, there is a false be-
lief that SLT is safe because it is not burned, 
which leads many people to quit cigarettes 
and start using SLT [1]. However, SLT con-
tains higher concentrations of nicotine than 
cigarettes and, in addition, nearly 30 carci-
nogenic substances, such as tobacco-specific 
N-nitrosamines (TSNA), which is formed 
during the aging process of the tobacco, [2-4] 
and which presents high carcinogenic poten-
tial. Moreover, because the tobacco has direct 

contact with the oral mucosa and creates a 
more alkaline environment, its products may 
even be more aggressive to tissue [5]. The 
percentage of SLT users is lower compared 
to cigarette users; however, usage is increasing 
among young individuals and it is therefore a 
significant and disturbing danger [6,7]. 

Initial studies on the effects of SLT on the 
oral mucosa demonstrated the formation of 
white lesions induced by chronic exposure to 
tobacco, characterized by epithelial thicken-
ing, increased vascularization, collagen altera-
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ABSTRACT 

Objective: To research whether central corneal thickness (CCT) of children with Type 1 diabetes mellitus (T1D) is different 
from healthy children at same age group and whether metabolic control has an effect on corneal thickness. 
Materials and methods: The children with T1D who applied to our outpatient department with the aim of controlling for 
possible diabetes complications and who had no diabetic retinopathy were prospectively evaluated. The healthy children 
from the same age group who applied to our outpatient setting for eye control and who had no systemic or eye disease were 
included in the control group. The CCT of all children was measured with ultrasonic pachymeter with topical anesthesia. 
Findings: While the corneal thickness for healthy children was 554.25±42.85 (500 – 678 µ), the average corneal thickness 
for diabetic children was 567.38±33.28 (487 – 628 µ). A significant difference was detected for average corneal thickness 
(Z=-2.040 p=0.041). No relation was detected between the central cornea thickness and the duration of diabetes (t=1.418 
p=0.168), average HbA1C level (t=1.261p=0.218), hyperglycemia (t=0.228 p=0.821) and hypoglycemia attack number 
(t=-0.332 p=0.743). 
Result: CCT is increased in the patients compared to the control group even before DM has developed a retinopathy. 
A relation of this increase with period of diabetes, HbA1C level and hypoglycemia attack number could not be detected. 

Key words: Central corneal thickness, type 1 diabetes mellitus
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aims of preventive medicine [3]. Optical coherence to-
mography (OCT), which was added to biomisroscopic 
examination and FA as one of the diagnosis methods 
of retina diseases, has become one of the indispensa-
ble examination methods. Clinical usage of OCT that 
displays anatomic changes in the retina in detail to-
gether with FA gives very useful information especially 
about diagnosis and follow-up of many diseases [4-8]. 
Whether it will be possible to detect possible changes 
in thickness between the retina in the macula and the 
retinal nerve fiber layer, which are known as the most 
frequent and earliest consequences of hypoxia in the 
patients with diabetes and without retinopathy, and 
whether OCT can be used as an early diagnosis tool are 
currently two pressing questions. 

In this study, it was aimed to detect the difference 
in thickness between the central foveal and the retinal 
nerve fiber layer of children with diabetes and children 
without diabetes and to detect neurodegenerative ef-
fects of diabetes on the retina by assessing the effect of 
hypo-hyperglycemic attack.

Methods
One hundred and two patients with type 1 DM who 

came to our policlinic for an evaluation of possible dia-
betes complications and who had any retinopathy and 
102 healthy age- and sex-matched controls were includ-
ed in the study. Informed consent form was received 
from all patients and certification was taken from the 
local ethics committee of the Erzurum Regional Train-
ing and Research Hospital. The patients who had an 
eye disease, diabetic retinopathy findings or systematic 
diseases except for DM were not included in the study. 
The following parameters were recorded: age, sex, DM 
period, HbA1C level, hyperglycemic and hypoglyce-
mic attack number and central fovea thickness (CFT), 
minimum fovea thickness (MFT), parafoveal (Par-
aFK) and perifoveal thickness (PeriFK), central foveal 
of internal and external retina, parafoveal and perifo-
veal thickness and retinal nerve fiber layer thickness in 
9 quadrants. OCT DEVICE RTVue version 4.0 (Opto-
vue®, USA) was used in the measurement of retinal and 
foveal thicknesses. The statistical analysis was carried 
out by using SPSS (for Windows version 16.0; SPSS 
Inc., Chicago, IL) package program. As it was seen that 
the data were in conformity with a normal distribu-

tion with Single Sampling Kolmogorov Smirnov Test, 
parametrical tests were preferred. Independent sample 
t test as well as definitive statistical methods and fre-
quency distributions were used in their analysis and 
p<0.05 values were statistically accepted as significant. 

Results
Fifty-eight (57.8%) male whose age average was 

10.36±2.32 (5 – 17 years), 42 (42.2%) female patients 
and 58 (57.6%) male whose age average was 9.50±2.52 
(5 – 15 years), 42 (42.4) healthy female children were 
included in the study. There was no difference between 
the groups in terms of age average (t=-1.632 p=0.112) 
and sex ratio (χ2: 0.001, p=0.974). The average disease 
period in the diabetic group was 4.64±2.24 years (1 – 9 
years), HbA1C average was 8.52±2.23 (4.80 – 13.60, 
median 4); average hyperglycemic attack number was 
3.37±2.81 (0 – 14, median 2) and hypoglycemic attack 
number was 0.22±0.42 (0 – 1, median 0).

In the comparison of macula parameters of the 
study and control groups, there was no difference in 
terms of central foveal thickness, minimum foveal 
thickness, parafoveal thickness, perifoveal thickness, 
central foveal thickness of the inner retina, central fo-
veal thickness of the outer retina, parafoveal thickness 
of the inner retina, parafoveal thickness of the outer 
retina, perifoveal thickness of the inner retina, peri-
foveal thickness of the outer retina values (p>0.05). 
The macula thickness values concerning to groups are 
shown in Table 1.

No statistically significant difference between the 
groups were found in the average retinal nerve fiber 
layer (RNFL), temporal rim thickness, rim thickness 
nasal, upper / lower temporal rim thickness and upper 
/ lower nasal rim thickness (p>0.05). The RNFL data 
of diabetic children and healthy controls are shown in 
Table 2. 

The average parafoveal thickness of diabetic chil-
dren whose HbA1C levels were <8.52 was measured 
as 309,79±11,48 and it was measured as 299,93±12,08 
in the patients whose HbA1C levels were >8,52, and 
there was no significant difference between these two 
groups (t=2,212 p=0,036). No difference was observed 
in other macula thickness values (p>0.05). The parafo-
veal outer retina thickness value was 177,31±8,24 in the 
patients whose period of diabetes was >4.64 years and 
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Table 1. Comparison of macular thickness between groups. 

Diabetic Children Control Group p value
Central Foveal Thickness 235.75±26.54 (205 – 295) 235.59±22.80 (157 – 296) t=-0.031 p=0.975

Minimum Foveal Thickness 200.12±26.66 (162 – 286) 200.74±25.03 (145 – 266) t=0.113 p=0.910

Parafoveal Thickness 304.28±13.89 (263 – 304) 306.30±17.73 (229 – 357) t=0.554 p=0.581

Perifoveal Thickness 284.96±14.63 (245 – 314) 284.21±18.28 (215 – 352) t=-0.199 p=0.843

CFT* Inner Retina 73.14±16.90 (55 – 118) 74.61±15.28 (45 – 128) t=0.435 p=0.664

CFT Outer Retina 161.64±12.56 (140 – 186) 161.26±12.86 (112 – 204) t=-0.138 p=0.890

PFT* Inner Retina 123.75±10.38 (96 – 139) 126.06±11.29 (92 -151) t=0.967 p=0.336

PFT Outer Retina 180.96±13.03 (161 – 209) 179.98±14.56 (132 – 235) t=-0.318 p=0.751

PeFT* Inner Retina 113.76±8.10 (87 – 128) 113.00±10.79 (62 – 161) t=-0.345 p=0.731

PeFT Outer Retina 171.85±9.95 (154 – 198) 170.64±13.58 (126 – 224) t=-0.437 p=0.663

*CFT: Central foveal thickness, PFT: parafoveal thickness, PeFT: perifoveal thickness

Table 2. Comparison of retinal nerve fiber thickness between groups.

Diabetic Children Control Group p value
Mean RNLF 109.18±13.51 (59 – 129) 108.44±12.47 (80 – 155) t=-0.266 p=0.791

Upper Hemisphere RNLF 109.94±14.16 (62 – 129) 108.94±12.71 (79 – 154) t=-0.352 p=0.726

Lower Hemisphere RNLF 108.68±14.23 (56 – 130) 106.69±12.38 (78 – 155) t=-0.709 p=0.480

Temporal Rim 81.38±11.33 (39 – 104) 81.85±11.74 (57 – 128) t=0.184 p=0.854

Nasal Rim 76.61±12.24 (44 – 112) 77.21±12.79 (47 – 124) t=0.217 p=0.829

Upper Temporal Rim 83.53±12.09 (41 – 100) 84.44±12.58 (53 – 140) t=0.333 p=0.740

Lower Temporal Rim 79.11±11.76 (36 – 108) 79.55±12.24 (57 – 116) t=0.169 p=0.866

Upper Nasal Rim 121.90±19.71 (73 – 152) 126.98±24.29 (68 – 205) t=0.994 p=0.322

Lower Nasal Rim 124.61±23.67 (75 – 184) 127.50±26.22 (71 – 219) t=0.514 p=0.608

*RNFL: retinal nerve fiber layer

it was 190,13±16,39 in the patients whose period of di-
abetes was <4.64 years, and there was a significant dif-
ference between these two groups (t=-2,551 p=0,017). 
No difference between other macula thickness values 
was observed in terms of period of diabetes (p>0.05). 
The parafoveal outer retina value of the patients whose 
hyperglycemic attack number was >3.36 was measured 
as 172,82±11,10 and it was measured as 181,88±11,47 
in the ones whose hyperglycemic was <3.36, and there 
was a significant difference between these two groups 
(t=-2,067 p=0,049). The parafoveal outer retina thick-
ness value was 165,00±11,08 in the patients whose 
hyperglycemic attack number was >3.36 and it was 
173,24±9,70 in the patients whose hyperglycemic at-
tack number was <3.36, and there was a statistically 
significant difference between these two groups (t=-
2,075 p=0,048). A significant difference between other 
macula thickness values was not observed in terms of 
hyperglycemic attack number (p>0.05). A difference 

between the macula thickness values was not observed 
in terms of hyperglycemic attack number (p>0.05).

Statistically significant differences between the 
groups in terms of average retinal nerve fiber layer 
(RNFL), temporal rim thickness, rim thickness nasal, 
upper / lower temporal rim thickness and upper / low-
er nasal rim thickness (p>0.05). RNFL data concern-
ing to diabetic children and healthy controls are shown 
in Table 2. 

Discussion
Although DR is currently known as a microangiop-

athy, it is still not clear where and when the pathologic 
process starts. Until the microbiological changes have 
been clinically elucidated, detection of some anatomic 
and functional disorders will be important develop-
ments that will change our approach to DR and even 
DM [9,10]. Prior to the occurrence of retinopathies 
that are ophtalmoscopically seen in diabetic retinopa-
thy, it is known that some ischemic histopathologi-
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cal changes such as pericyte loss in the microvascular 
structure, basal membrane thickening and endothelial 
damage occur. 

Experimental studies have shown that apoptosis 
in ganglion cells as well as cell death and thinning in 
RNFL may occur. Hammes et al. [11] showed in an ex-
perimental study that diabetes first caused apoptosis in 
the retinal ganglion cells and Muller cells. Barber et al., 
[12] stated that neurodegeneration was an important 
component of DR by showing neural cell apoptosis in 
the inner plexiform, inner nuclear layer and ganglion 
cells in diabetic subjects and post mortem diabetic hu-
man eyes. It was detected in the same study that apop-
tosis was triggered in neuronal cells in the subjects since 
the first month in the cases in which DR had not been 
clinically clear. In their studies, Browning et al. [13] de-
fined that there are variations in the macula thickness 
(MT) values measured with OCT in the patients who 
clinically had DR but not a macula edema. To investi-
gate the factors causing these variations, they followed 
MT values of the patients for 17 months and found that 
the variations in the especially central subfoveal macula 
thickness were not bigger than the measurement varia-
tion of the eyes with or without DM. It was stated that 
actual changes of macular thickness should be consid-
ered only when the variation is above 10% compared 
to the beginning and that lower values may result from 
measurement variations, diurnal variations or the vari-
ations that occur at the scale after a long period. Sugi-
moto et al. [3] aimed in their study to detect early dia-
betic damage through measuring retinal thickness and 
RNFL thickness by using OCT in 32 patients with type 
2 DM who had no DR and to asses OCT as a clinical 
test. It was detected that retina thickness in the superi-
or quadrants was increased in the eyes of patients with 
DM who had no DR and that RNFL thickness was de-
creased. When fundoscopic or photographic examina-
tions were compared, it was concluded that OCT can 
detect early findings and structural changes in a very 
early phase and it was proposed that this technique may 
be used for early treatment planning. Bressler et al. [14] 
assessed macula thickness with OCT in the patients 
with type 1 and type diabetes who had no retinopathy 
or who had a slight retinopathy and macula thickening 
was not detected at clinical examinations and compared 

the results with the normal data in the literature. In the 
study, no 6 mm “fast macular scan” with Stratus OCT 
version 4 system was performed in any eyes. It was de-
tected that the MT of these patients with diabetes who 
had no retinopathy or who had a slight retinopathy are 
similar to those in normal individuals but the average 
central subfoveal thickness from males is higher than 
the average value of females. There is no other OCT-
based study of retinal thickness measurements in the 
patients with Type 1 diabetes and who had no diabetic 
retinopathy in the literature. Bressler et al. [14] per-
formed to assess the macula thickness of patients with 
Type 1 and Type 2 diabetes who had diabetes but who 
had not retinopathy or who had a slight retinopathy 
and compared the results with the data available in the 
literature of the cases who had no retinal disease. It was 
detected that the subfoveal thickness values of the pa-
tients who had diabetes with retinopathy was minimal 
or who had no retinopathy with the results gained from 
people who had no diabetes. Again, a similar study that 
was carried out by Sugimato et al. [3] on the patients 
who had Type 2 DM. In this study, an increase was de-
tected in the RT at the superior quadrants compared 
to the control group. The case number [3] of the study 
carried out by Sugimato et al. [3] was lower than that of 
our study. Lieth et al. [15] detected some clues indicat-
ing that the neural degeneration in the diabetic retinop-
athy had started before the predicted date. Lonneville 
et al. [16] assessed blood glucose regulation effects on 
RNFL in the diabetic patients with “scanning laser po-
larymetry” (SLP) and stated that RSLT was finer in the 
diabetic patients compared to the control group and 
that weak metabolic control negatively affected RNFL 
which could not be declined with glucose regulation. In 
a 2002 study by Ozdek et al. [17], the relation between 
RNFL thickness and blood glucose level in the patients 
with diabetic retinopathy and without retinopathy was 
examined. The researchers detected that RNFL thick-
ness measured with polarymetry was finer in the pa-
tients with DR and bad metabolic controlled compared 
to patients of control group and the values gained from 
the patients whose blood glucose regulation was good 
did not statistically show a difference from patients of 
the control group. Gönül et al. [18] aimed in their study 
to asses RNFL changes in the cases who were followed 
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with type 1 DM diagnosis and who had no retinopathy 
with OCT. 

In the study, RNFL measurements of 37 cases with 
Type 1 DM and 49 people control group that were car-
ried out with Stratus OCT were compared with the 
normative database of the OCT device. They detected 
that RNFL thickness in the cases with Type 1 DM 
was finer than in the normal population especially in 
the superior quadrants and this may be early findings 
of diabetic retinopathy. In the RNFL thickness meas-
urements that were carried out by Lopes de Faria et al. 
[19] on 12 patients with Type 1 DM who had no DR 
by using a nerve fiber layer analyzer GDx, it was de-
tected that a significant nerve fiber loss occurred in the 
superior segment. Hougaard et al. [20] observed that 
peripapillary RNFL thickness measured with OCT in 
healthy individuals was affected by genetic factors and 
additionally age and refractive components of the eyes 
affected RNFL thickness measurements by decreasing 
optical quality [21]. 

In our study, no statistical differences were found 
concerning the RNFL and macula thicknesses of the 
patients with Type 1 DM who had no retinopathy 
and the control group. In the diabetic children whose 
HbA1C levels were <8.52 percent, a significant dif-
ference between two groups was detected in terms of 
average parafoveal thickness values. Regarding other 
macula values, no differences were observed (p>0.05). 
There was a significant difference between two groups 
in the patients whose parafoveal outer retina value was 
>4.64 years in terms of period of diabetes. A difference 
between other macula thickness values in terms of pe-
riod of diabetes was not observed (p>0.05). There was 
a significant difference in the parafovea and perifoveal 
outer retina thickness between the patients whose hy-
perglycemic attack number was >3.36 and the ones 
whose hyperglycemic attack number was <3.36. A sig-
nificant difference between other macula thickness val-
ues in terms of hyperglycemic attack number was not 
observed (p>0.05). A difference between other macula 
thicknesses in terms of hyperglycemic attack number 
was not observed (p>0.05).

According to the intragroup comparison of retina 
nerve fiber layer thicknesses of diabetic children, the 
RNFL thickness was found to be similar when the 

groups were defined in terms of HbA1C level, period 
of diabetes, hypoglycemic and hyperglycemic attack 
number (p>0.05).

The average macula and retina nerve fiber layer 
thicknesses for both healthy and diabetic children, for 
which there is too little information in the literature, 
were given in this study. Notably, it was detected that 
the parafoveal thickness is related to the HbA1C levels 
and the period of diabetes Therefore, we think that es-
pecially parafoveal thickness among these parameters 
should be monitored by a feasible and inexpensive 
technique with OCT, except for routine eye examina-
tion in the patients whose retinopathy was not detected 
but who had bad metabolic control. 
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