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Background: Pathologic changes in the ocular surface in diabetes mellitus (DM) 
may result from various causes such as metabolic abnormalities (hyperglycemia 
and dyslipidemia, leading to changes in tear composition), perilimbal vascular 
microangiopathy (leading to impaired blood supply to the cornea), lacrimal gland 
lesions, and various abnormalities in innervation.
Purpose: To determine the cytological features of the bulbar conjunctival epithelium in 
patients with T2DM.
Material and Methods: We analyzed clinical and impressive cytology data of 34 patients 
(18 (52.9%) men and 16 (47.1%) women; age, 50 to 79 years) having clinical signs 
of dry eye disease (DED). Patients were divided into two equal groups of 17 patients 
each, group 1 (diabetes duration of less than 5 years) and group 2 (diabetes duration 
of more than 5 years). They underwent Schirmer 1 test, tear break-up time (TBUT) test, 
and impression cytology of the bulbar conjunctiva. The cytologic changes of the bulbar 
conjunctiva were graded according to Nelson’s grading system.
Results: Comparison of clinical and cytolological characteristics of study patients 
suggests that, severity, duration and course pattern of diabetes mellitus affect the 
development of compensatory and adaptive mechanisms in the bulbar conjunctival 
epithelium, these mechanisms being reflected by the formation of the surface epithelium 
of increased density due to squamous metaplasia and keratinization.
Conclusion: Our impression cytology study of the bulbar conjunctival epithelium found 
that most patients (94.1%) with T2DM had squamous metaplasia grade (Nelson) of 2 or 
3, and 80% of those with squamous metaplasia grade (Nelson) of 3 had T2DM duration 
of more than 5 years. In addition, squamous metaplasia of grade 3 was fourfold more 
common among patients with T2DM duration of more than 5 years than among those 
with T2DM duration of less than 5 years.
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Introduction
Type 2 diabetes mellitus (T2DM) has been defined 

as “a chronic disease that occurs when the pancreas does 
not produce enough insulin, or when the body cannot 
effectively use the insulin it produces”. Diabetes mellitus 
leads to complications such as neuropathy, retinopathy, 
nephropathy, cardiovascular disorders, and other metabolic 
disorders, in which hyperglycemia plays a major role [1]. 

In addition, it has been found to be a major factor in 
dry eye disease (DED). A correlation was found between 
the glycated hemoglobin (HBA1c) values and the presence 
of dry eye syndrome. The higher the HBA1c values, the 
higher the rate of dry eye syndrome [2]. Dry eye is a 
multifactorial disease of the ocular surface characterized 
by a loss of homeostasis of the tear film, and accompanied 
by ocular symptoms, in which tear film stability and 
hyperosmolarity, ocular surface inflammation and damage, 
and neurosensory abnormalities play etiological roles [3].

  Pathologic changes in the ocular surface in DM may 
result from various causes such as metabolic abnormalities 
(hyperglycemia and dyslipidemia, leading to changes in 
tear composition), perilimbal vascular microangiopathy 
(leading to impaired blood supply to the cornea), lacrimal 
gland lesions, and various abnormalities in innervation [4]. 
Diabetic patients exhibit lesions of the afferent sensitive 
nerves, and efferent autonomic and motor nerves [5]. 
Dry eye disease has traditionally been classified into 
two categories: aqueous deficient (dry eye with reduced 
tear production) and evaporative (dry eye with increased 
evaporation of the tear film). However, these categories are 
not mutually exclusive, and patients with diabetes-induced 
dry eye may have a combination of these mechanisms of 
DED (i.e., mixed DED) [6-8]. Chronic hyperglycemia, 



ISSN 0030-0675. Journal of Ophthalmology (Ukraine) - 2021 - Number 1 (498) 

  25

diabetic periphery neuropathy, decreased insulin 
levels, microvasculopathy, and systemic hyperosmotic 
disturbances are risk factors for diabetes-associated DED, 
which leads to  abnormal tear production and meibomian 
gland dysfunction. Several proteins have been identifies as 
contributors to diabetes mellitus-associated DED [9].

We have previously found that DED severity was 
correlated with T2DM duration. Mild dry eye symptoms 
were found approximately 1.5-fold more frequently in 
patients with diabetes duration longer than 5 years than 
in those with diabetes duration shorter than 5 years [10]. 
Numerous studies on the pathogenesis of have found that 
meibomian gland dysfunction is a major factor in dry 
eye disease [10]. A combination of the two mechanisms 
of DED was common among patients with T2DM, and 
61.3% of these patients were found to have palpebral 
demodicosis [11].

The prevalence of DED has been reported to vary 
from 7% to as high as 98.8% [4]. In a study by Figueroa-
Ortiza and colleagues [12], DED in diabetic patients was 
more frequently determined on the basis of objective signs 
(fluorescein and lissamine green staining test) than on 
the basis of subjective signs. The Beaver Dam Eye Study 
reported that approximately 20% of dry eyes occurred in 
individuals with T2DM aged 43 to 86 years. In a study 
by Hom and de Land [13], a total of 52.9% of those with 
either diabetes or borderline diabetes had self-reported 
clinically relevant dry eyes. 

A confocal miscroscopy study by Grigorieva and 
colleagues [4] found corneal nerve fiber lesions (i.e., 
reduced fiber number, thin and tortuous nerve fibers) in 
diabetic patients even without signs of diabetic retinopathy.

 The bulbar conjunctiva is known to be covered with 
the multilayer squamous epithelium with goblet cells 
secreting mucin. In humans, mucous and ocular surfaces 
are covered and protected by glycated protein which is 
secreted by goblet cells and exogenous glands. Ocular 
metabolic and neurotrophic changes in diabetes result 
in corneal epithelial and conjunctival lesions, leading to 
reduced goblet cell number and low mucin production, 
which eventually causes tear film instability [6, 14].

Conjunctival impression cytology is a method used 
to verify morphological changes in the ocular surface, 
including those in DED. The technique refers to the 
application of cellulose acetate Millipore filter to the 
ocular surface to remove the superficial layers of the 
ocular surface epithelium. The cells thus removed can 
be subjected to histological, immunohistological, or 
molecular analysis [15, 16]. Impression cytology is low 
invasive, easy and fast to use, and enables repeat sample 
taking. Impression cytology represents a non- or minimally 
invasive biopsy of the ocular surface epithelium with no 
side effects or contraindications. It has demonstrated to 
be a useful diagnostic aid for a wide variety of processes 
involving the ocular surface. In addition, and mainly during 
the last decade, its use as a research tool has experienced 
an enormous growth and has greatly contributed to the 
understanding of ocular surface pathology [17].

Thus, impression cytology found changes in epithelial 
and goblet cells of patients with DED. Thus, in a study 
by Nelson and Wright [18], compared with normal eyes, 
eyes with DED demonstrated a 17% greater goblet 
cell loss on the interpalpebral bulbar compared with 
the inferior palpebral ocular surface. Another study, 
by Petrayevsky and Trishkin [19], demonstrated signs 
of squamous conjunctival metaplasia in patients with 
mild and severe DED. In addition, impression cytology 
demonstrated the presence and severity of squamous 
metaplasia of the palpebral conjunctival epithelium 
and ocular surface epithelium in contact lens wearers 
[20,  21], and a marked reduction in bulbar conjunctival 
goblet cells in the Down’s syndrome group compared 
with the group of healthy controls [22]. Dry eye patients 
with hypothyroidism exhibited degenerative changes in 
epithelial and goblet cells in an impression cytology study 
of the bulbar conjunctiva, and these changes were more 
apparent in patients with manifest disease than in those 
with subclinical disease [23].

Conjunctival impression cytology is an essential 
diagnostic tool in ocular surface disorders. The cell density 
and characteristics of the conjunctival surface may differ 
according to localization, and the changes in ocular surface 
disorders are first observed in bulbar than in palpebral 
conjunctiva [24]. The technique is interesting due to its 
capacity to detect changes in the conjunctival mucosa of 
the globe and the palpebral mucosa for the diagnosis of 
disorders associated with ocular surface disease. Citirik 
and colleagues [24] found such ocular surface changes as 
squamous metaplasia of the bulbar conjunctiva in patients 
with diabetic retinopathy, but did not divide these patients 
into those with type 1 and type 2 diabetes mellitus, although 
these types differ in the pathogenesis, age of patients and 
disease progression.

The purpose of this study was to determine the 
cytological features of the bulbar conjunctival epithelium 
in patients with T2DM.

Material and Methods
We analyzed clinical and impressive cytology data of 

34 patients (18 (52.9%) men and 16 (47.1%) women; age, 
50 to 79 years) with T2DM having clinical signs of DED. 
Patients were divided into two equal groups of 17 patients 
each, group 1 (diabetes duration of less than 5 years) and 
group 2 (diabetes duration of more than 5 years). Of the 
34 patients, 22 had a blood glucose level of < 8 mmol/L, 
and 12 had a blood glucose level of > 8 mmol/L. Patients 
underwent Schirmer 1 test and tear break-up time (TBUT) 
test.

Impression cytology was performed by applying a strip 
of cellulose acetate Millipore filter to the nasal quadrant of 
the bulbar conjunctiva. The filter strip was gently pressed 
against the conjunctiva and removed with a peeling 
motion.  Samples were immediately fixed in 95% ethyl 
alcohol, stained with hematoxylin and eosin or with the 
Papanicolaou stain, mounted on glass slides and cover-
slipped with balsam [25]. The slides were examined by 
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light microscopy (ECLIPSE-Е 200; Nikon, Tokyo, Japan) 
at magnification of x100 and x400 to assess epithelial 
cell shape, arrangement, nuclei, cytoplasm, and nucleus-
to-cytoplasm ratio. In addition, we assessed whether the 
intercellular spaces were preserved, and whether and how 
many goblet cells and inflammatory cells were present 
in the field of vision. The cytologic changes were graded 
according to Nelson’s grading system (1983) [7, 17, 19, 
25] as follows:

Grade 0: Small and round epithelial cells with a nucleo-
cytoplasmic ratio of 1:2, large nuclei and eosinophilic 
cytoplasm; abundant, plump, oval goblet cells with well-
preserved intercellular spaces;

Grade 1: Slightly larger and more polygonal epithelial 
cells with nucleo-cytoplasmic ratio 1:3 and eosinophilic 
cytoplasm. The nuclei are smaller. The goblet cells 
are decreased in number; however, they still maintain 
their plump and oval shape. The intercellular spaces are 
somewhat widened at some sites;

Grade 2: Larger and polygonal, occasionally multi 
nucleated epithelial cells with variable staining cytoplasm 
and a nucleo-cytoplasmic ratio 1:4-1:5. Smaller and less 
intensely PAS-positive goblet cells with poorly defined 
cellular borders and markedly decreased in number. 
The intercellular spaces are widened and there is loss of 
intercellular bonds at some sites;

Grade 3: Large polygonal epithelial cells with 
basophilic cytoplasm. Small, pyknotic and in many cells 
completely absent nuclei. There is loss of intercellular 
bonds and keratinization. Goblet cells absent.

Grade 0 and 1 were regarded as normal whereas grade 
2 and 3 as abnormal cytology of the bulbar conjunctiva. 
Irregular cell shape and nucleus size and positive 
cytoplasmic staining of epithelial cells, reduced number of 
absence of goblet cells, and widened intercellular spaces 
are signs of conjunctival squamous metaplasia.

The study followed the ethical standards stated in the 
Declaration of Helsinki, the European Convention on 
Human Rights and Biomedicine, and relevant laws of 
Ukraine.

Results
Impression cytology found severe pathological 

changes in bulbar conjunctival samples from all but two 
patients with T2DM. These two (5.8%) had a mild disease 
course, diabetes duration of less than 5 years, and a blood 
glucose level of < 8 mmol/L.

Impression cytology revealed grade 1 Nelson changes 
in the bulbar conjunctival samples from these two patients, 
and showed sheets of round cells with reduced nuclei, a 
nucleo-cytoplasmic ratio of 1:3, and slightly widened 
intercellular spaces. In addition, there were about five 
plump goblet cells in the field of vision and small sites of 
polygonal epithelial cells with oxyphilic cytoplasm (Fig. 
1). For the two patients, the mean Schirmer test score was 
7.50 ± 0.20 mm/min, and mean TBUT value, 11.5 ± 0.10 s.

The bulbar conjunctival samples from 22 patients 
(64.7%) showed grade 2 Nelson changes in the epithelium, 

with sheets of polygonal and round cells with small 
nuclei and a nucleo-cytoplasmic ratio of 1:5, presence 
of multinuclear cells, and loss of intercellular bonds. In 
addition, these samples showed zero to two small goblet 
cells in the field of vision (Fig. 2). Of the 22 patients, 18 
(81.8%) had a moderate diabetes and a blood glucose 
level of < 8 mmol/L. In addition, of these 18 patients, 10 
(55.5%) had diabetes duration of more than 5 years. In 
patients with bulbar conjunctival samples showing grade 
2 Nelson changes, the mean Schirmer test score was 7.0 ± 
0.50 mm/min, and mean TBUT value,  4.5 ± 0.40 s.

Grade 3 Nelson changes were found in the bulbar 
conjunctival samples from 10 patients (29.4%). Of these 
10 patients, 2 (20%) showed a severe diabetes, and 8 
(80%), a moderate diabetes. In addition, 8 patients (80%) 
had diabetes duration of more than 5 years, and 9 (90%), 
a blood glucose level of > 8 mmol/L. Cytologically, the 
samples showed clear squamous metaplasia which was 
characterized by the presence of polygonal, elongated 
cells with small, pyknotic nuclei; binucleated cells; 
keratinization; high nucleo-cytoplasmic ratio; dystrophy 
(karyolysis, karyorrhexis, and vacuolized cytoplasm); loss 
of intercellular bonds; and absence of goblet cells (Fig. 
3). In patients with bulbar conjunctival samples showing 
grade 3 Nelson changes, the mean Schirmer test score was 
4.5 ± 0.50 mm/min, and mean TBUT value,  6.0 ± 0.50 s.

Table 1 shows the numbers and percentages of 
patients with T2DM duration of less than and more than 
5 years among each squamous metaplasia grade (Nelson). 
Therefore, most patients (94.1%) had squamous metaplasia 
grade (Nelson) of 2 or 3, and squamous metaplasia of 
grade 3 was fourfold more common among patients with 
T2DM duration of more than 5 years than among patients 
with T2DM duration of less than 5 years.

In addition, our cytological study revealed signs of 
conjunctival inflammation in samples from 4 patients 
(11.8%). These samples contained inflammatory 
infiltrations cells; of these cells, the most common were 
neutrophils (markers of acute inflammation), followed 
by degenerated epithelial cells and individual goblet cells 
having impoverished cytoplasm (Fig. 4).

Almost all samples showed not only the above 
changes, but also sites of well-preserved epithelium at the 
impressions from deep layers of the bulbar conjunctiva. 
These sites had a potential for restoration of normal surface 
tissue structure (Fig. 5).

Comparison of clinical and cytolological characteristics 
of study patients suggests that, severity and duration of 
diabetes mellitus affect the development of compensatory 
and adaptive mechanisms in the bulbar conjunctival 
epithelium, these mechanisms being reflected by the 
formation of the surface epithelium of increased density 
due to squamous metaplasia and keratinization. In this 
case, metaplasia is positive due to its protective features, 
because in diabetes-associated DED, the conditions are 
created in which normal functioning of conventional 
mucosal cells becomes impossible, and the change of these 
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cells to those non-conventional but more adapted to the 
pathological state is required.

Discussion
In a conjunctival impression cytology study, when 

compared with the healthy control group, diabetics showed 
more frequent and pronounced signs of conjunctival 
metaplasia [25]. Even though the “basic” unstimulated 
tear flow is normal in diabetics, the decrease in reflex 
tearing could be sufficient to induce chronic damage of the 
conjunctival surface, resulting in conjunctival metaplasia 
[25]. The trophic function of the tear film could be 
disturbed in diabetics, leading to chronic trophic damage 
of the conjunctival surface, neurotrophic keratopathy [25]. 
The ocular surface changes found in diabetics could at 
least partially be the result of a primary surface disease or 
of metabolic alterations of the conjunctival epithelial cells 
independent of tear film abnormalities.

Petrayevsky and Trishkin [19] examined the cell 
content of the conjunctiva in patients with various 
severity of DED and demonstrated mild goblet cell loss 
in about half of these cases. These cytological findings 
give evidence on the presence of signs of conjunctival 
squamous metaplasia in patients with DED. Conjunctival 
squamous metaplasia has been reported in various DED-
associated ocular surface disorders like burns, trachoma, 
and Sjögren syndrome [27].

In addition, some studied reported on the difference in 
the conjunctival flora between diabetics and non-diabetics. 
The development of conjunctivitis in patients with 
diabetes mellitus may be caused by pathological changes 
in the conjunctiva which have been found in a study by 
Citirik and colleagues [24]. Goebbels [26] observed ocular 
surface changes including squamous metaplasia of the 
bulbar conjunctiva in patients with diabetic retinopathy. 
Compared to patients with non-proliferative diabetic 
retinopathy (NPDR), those with proliferative diabetic 
retinopathy (PDR) exhibited higher impression cytology 
grading scores, but the difference was not significant [24]. 
Squamous metaplasia could at least partially be the result 
of a primary surface disease or of metabolic alterations of 
the conjunctival epithelial cells independent of tear film 
abnormalities [26]. Moreover, conjunctival hypoxia might 
also have played a role here.

Significant associations have been identified between 
diabetic retinopathy (DR) and DED. In a hospital-
based study, 17.1% of DED in patients with DM was 
found to have mild nonproliferative diabetic retinopathy 
(NPDR), 17.1% had moderate NPDR, 11.1% had severe 
nonproliferative diabetic retinopathy (NPDR), and 25.1% 
had proliferative diabetic retinopathy (PDR) [28].

Han and colleagues [1, 2] reported on the correlation 
between the progression and duration of diabetes mellitus. 
Although the mechanism of the development of DED 
in diabetes mellitus has not been completely elucidated, 
it is certainly is associated with metabolic abnormalities 
(hyperglycemia and dyslipidemia), various abnormalities in 
innervation and microangiopathy. Metabolic abnormalities 

developing in diabetes mellitus result in the transformation 
of the conjunctival epithelium, with squamous metaplasia, 
keratinization, and a loss of capacity to produce goblet 
cells as much as that leading to absence of these cells. 
This is evident by a decreased tear production and changes 
in the tear content pattern, consequently leading to the 
development of DED [6].

In the current study, we examined changes in the 
bulbar conjunctival epithelium in patients with T2DM, and 
found that the magnitude of changes depended on diabetes 
duration and blood glucose level.

Conclusion
Our impression cytology study of the bulbar 

conjunctival epithelium found that most patients (94.1%) 
with T2DM had squamous metaplasia grade (Nelson) of 
2 or 3, and 80% of those with squamous metaplasia grade 
(Nelson) of 3 had T2DM duration of more than 5 years. 
In addition, squamous metaplasia of grade 3 was fourfold 
more common among patients with T2DM duration of 
more than 5 years than among those with T2DM duration 
of less than 5 years.
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Squamous metaplasia 
grade (Nelson)

Patients 
with diabetes duration of 

less than 5 years

Patients 
with diabetes duration of 

more than 5 years

Diabetic patients 
with a particular 
metaplasia grade

Grade (Nelson) of 1 2 (5.8%) 0 (0%) 2 (5.8%)

Grade (Nelson) of 2 12 (54.5%) 10 (45.5%) 22 (64.7%)

Grade (Nelson) of 3 2 (20%) 8 (80%) 10 (29.4%)

Table 1. Numbers and percentages of patients with diabetes duration of less than and more than 5 years having various 
squamous metaplasia grades (Nelson) as assessed by impression cytology of the bulbar conjunctival epithelium
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Fig. 1. Impressions of the bulbar conjunctival epithelium showing squamous metaplasia grade (Nelson) of 1. The arrow 
points to goblet cells. Hematoxilin and eosin staining (A) and Papanicolaou staining (B). Original magnification, ×400.

Fig. 2. Impressions of the bulbar conjunctival epithelium showing squamous metaplasia grade (Nelson) of 2. The arrow 
points to a goblet cell. Hematoxilin and eosin staining. Original magnification, ×400 (A) and ×100 (B).
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Fig. 3. Impression of the bulbar conjunctival epithelium showing squamous metaplasia grade (Nelson) of 3. The red 
arrow points to a binucleated polygonal cell, and the blue arrow, to a pyknotic nucleus. Hematoxilin and eosin staining. 
Original magnification, ×100 (A) and ×400 (B).

A B

Fig. 4. Impression of the bulbar conjunctival epithelium. 
Cytogram for inflammation. Individual goblet cells (red 
arrow) and inflammatory cells (blue arrow). Papanicolaou 
staining. Original magnification, ×400. 

Fig. 5. Impression of the bulbar conjunctival epithelium. 
Metaplasia cells are seen on the left side, and well-
preserved epithelium, on the right side. Hematoxilin and 
eosin staining. Original magnification, ×400.


