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ABSTRACT

Purpose: To investigate whether diabetes mellitus (DM) affects ocular surface of children with well-controlled
type 1 DM.
Methods: Sixty-five diabetic patients and 55 age-matched controls enrolled to study. Detailed ocular surface
assessment including, ocular surface disease index (OSDI) questionnaire, tear film break-up time (TBUT)
analysis, Schirmer test, and conjunctival impression cytologic analysis were performed.
Results: Schirmer test and TBUT results were significantly lower in DM group than controls (p = 0.001, for all).
OSDI scores of all participants were within normal range. Impression cytology analysis showed grade 0
changes in all participants and there was no difference between groups for goblet cell density (p > 0.05). The
TBUT results were significantly associated with duration of DM (r = −0.309, p = 0.036).
Conclusion: Diabetic children without symptoms, signs, and definite diagnosis of dry eye still had lower TBUT
and Schirmer test results than controls; however, impression cytology analysis was similar in both groups.

Keywords: mellitus, dry eye, impression cytology, ocular surface, tear film

Diabetes mellitus (DM) is a chronic metabolic disease
that has been reported to be associated with life-
threatening or debilitating complications in a variety
of organs including heart, kidney and eye.1 Ocular
complications such as transient refractive deviations,
cataract, diabetic retinopathy (DR), neovascular glau-
coma have been investigated extensively.2–4 In recent
years, attention has been drawn to ocular surface dis-
orders, and the relationship between DM and dry eye
has been documented.5–8 Also, several clinical and
experimental studies have reported structural, meta-
bolic, and functional abnormalities in the conjunctiva
and cornea of diabetic patients.9–11 However, it is still
to be debated how ocular surface abnormalities and
tear film alterations are related to diabetes.

In this study, we performed ocular surface disease
index (OSDI) questionnaire, tear film break-up time
(TBUT) analysis, Schirmer test, and conjunctival
impression cytologic analysis in children with well-
controlled type 1 DM (glycemic control) and known
durations of DM to investigate whether abnormal glu-
cose metabolism in DM affects ocular surface and also
compared the results with those obtained in healthy
children.

PATIENTS AND METHODS

This prospective cross-sectional study was carried at
the ophthalmology clinic of a tertiary referral eye
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hospital, at the pediatric endocrinology and metabo-
lism clinic of a tertiary referral children’s health and
disease hospital and at histology and embryology
department of the university. The study protocol
was approved by the ethics committee and, study
was carried out in accordance with tenets of
Declaration of Helsinki. Written informed consent
was obtained from the parents or legal guardians of
the patients prior to enrolment.

Type 1DMpatients whowere referred to the ophthal-
mology clinic from the Pediatric Endocrinology and
Metabolism Clinic for diabetic eye screening were
included as DM group. Age- and sex-matched subjects
who were admitted to the ophthalmology clinic for rou-
tine ophthalmologic examination and who did not have
any systemic or ocular diseases were included as
a control group. Only right eyes of the participants
were analyzed in the study.

The inclusion criteria were no previous known cor-
neal changes; best-corrected visual acuity (BCVA)
equal to or greater than 20/20 according to Snellen
chart; no ocular problems, other than spherical or
cylindrical refractive errors ≤1.00 diopter (D); and no
systemic disease, except for type 1 DM. All the patients
with type 1 DM were ≤18 years. All were receiving
insulin treatment and had a well-controlled type 1 DM
without any signs of neuropathy and nephropathy.
Only type 1 DM patients with information available
on the duration of DM were included. In the study, the
duration of DM referred the duration since the diag-
nosis of type 1 DM and this time period was used for
analysis. The controls were also aged ≤18 years and
had no ocular problems, other than spherical and
cylindrical refractive errors ≤1.00 D.

Subjects with any of the following conditions were
excluded: history of chronic ocular drug abuse; con-
tact lens wear; topical medication; abnormalities in
the cornea; conjunctiva or eyelid; strabismus; nystag-
mus; a history of previous ocular surgery or laser
treatment; trauma or uveitis; secondary ocular and
systemic diseases with dry eyes as a manifestation,
bilateral dense cataracts; bilateral central corneal opa-
cities; or any opacification in the media, fundus
abnormalities including DR or diabetic maculopathy
were excluded from the study. Patients who were not
sufficiently cooperative for examinations were also
excluded.

All participants underwent a comprehensive
ophthalmic examination, including BCVA tests,
using the Snellen chart; intraocular pressure measure-
ments, using a pneumotonometer; slit-lamp biomicro-
scopy; and dilated fundus examination. Refraction
measurements were performed by using the same
automatic refractor-keratometer device (Canon RF-
K2, Japan). High-quality color stereoscopic fundus
photographs were also taken for diabetic children.
Fundoscopic examinations and fundus photographs

revealed that none of the children in the DM group
had any sign of DR. Moreover, in the DM cases, blood
samples were taken for preprandial blood glucose
and glycosylated hemoglobin (HbA1c) levels on
the day of ocular measurements. The duration of
DM and levels of HbA1c were recorded.

The OSDI questionnaire, which has three sub-
scales – ocular symptoms, vision-related function,
and environmental triggers – was used in each subject
to evaluate any existing complaint related to dry eye.
Patients rate their responses on a 0–4 scale with 0
corresponding to “none of the time” and 4 corre-
sponding to “all of the time.” The OSDI score was
calculated on the basis of this formula: OSDI = [(sum
of the scores for all questions answered) × 100]/[(total
number of questions answered) × 4].12

TBUT and Schirmer tear test (with topical anesthe-
sia) were respectively carried out in all participants.
TBUT analysis was done after waiting 3 min follow-
ing topical anesthesia. A narrow (1 mm) fluorescein
strip was wetted by a drop of physiological saline and
touched the inferior fornix to provide a standard
methodology.13–16 Then, the subjects were instructed
to blink naturally three times, look straight ahead and
then to cease blinking until instructed. Despite the
detrimental effects of topical anesthesia and fluores-
cein on tear stability,17,18 since the study group con-
sisted of pediatric patients, topical anesthesia and
fluorescein were used in our study. The precorneal
tear film was examined under blue-light illumination
and the first-time break of this layer was noted.
Consequently, the Schirmer test was performed after
obtaining topical anesthesia with 0.5% proparacaine
hydrochloride. Standard Schirmer strips were placed
into the lower conjunctival sac at the junction of the
lateral and middle thirds, avoiding touching the cor-
nea, and the length of wetting strips in millimeters
was recorded after 5 min.

Impression cytology of the conjunctiva was per-
formed according to the Nelson method.19 Eyes were
topically anesthetized with 0.5% proparacaine hydro-
chloride. Small discs of cellulose acetate filter paper
with a pore size of 0.025 mmwere placed on the super-
ior conjunctiva adjacent to the corneal limbus.
Conjunctival impression cytology samples were
obtained from the nonexposed conjunctival surfaces to
eliminate the influence of environment-related factors
such as light on the ocular surface.20,21 The specimens
were placed in a fixative solution mixture consisting of
95% ethanol and 1% formaline and were stained with
the periodic acid–Schiff (PAS: Pas Staining Kit
M101646.0001, Merck Millipore) and hematoxylin.

The specimens were examined with light micro-
scope (Leica DM6000B) and images were transferred
to a computer using a digital camera (Leica DC 500).
Five random areas of each sample were photo-
graphed. The ratio of cytoplasm to nuclei, histological
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characteristics (size and shape) of the nucleus, the
degree of eosinophilic staining of cytoplasm, the pre-
sence of intercellular linkages, the staining of goblet
cells with PAS, the shape and counting of goblet cell
nuclei were independently evaluated in a blinded
fashion by two independent histologists under the
40 objective lens. Goblet cells were counted, and the
goblet cell density in one high power field was repre-
sented as the number of cells per square millimeters.
The degree of squamous metaplasia and goblet cell
densities were graded from 0 to 3 according to the
Nelson grading scheme.19

All of the examinations were performed in the same
physical condition and in the morning to standardize
the tests and to avoid possible diurnal variation.
Assessments were made in a room controlled for
enlightment (dim light), temperature, humidity, and
airflow, to avoid ocular surface stress. Measurements
that need slit lampwere performed in a darkened room
with the same slit lamp and by the same physician.

Statistical Analyses

An a priori power analysis using the PASS 11 calcula-
tion software (Power and Sample Size, version 11)
revealed that at least 40 subjects must be enrolled
from each group in the study. The study included 65
patients with DM and 55 control subjects, and accord-
ingly, the power of the study was found as 90.5%. The
study data were analyzed using the Statistical Package
for Social Sciences (SPSS), version 22.0 for Windows
(SPSS Inc., Chicago, IL, USA). Descriptive data were
presented as the mean ± standard deviations, fre-
quency distributions, and percentages. Pearson’s chi-
square test and the one-sample chi-square test were
used to analyze the categorical variables. The normal
distribution of the variables was checked by visual
(histogram and probability graphs) and analytical
methods (Kolmogorov–Smirnov/Shapiro–Wilk Test).
An independent sample t-test was used for normally
distributed data, and a Mann–Whitney U-test was used
for non-normally distributed data, to compare the DM
group and the control group. Pearson correlation ana-
lysis was used to examine any relationship among the
measured variables. Levels of p < 0.05 were considered
as statistically significant.

RESULTS

This study included 120 eyes of 120 subjects: 65 of the
subjects were in the DM group, and the remaining 55
were in the control group. The mean age of the
patients with type 1 DM and that of the matched
controls was 14.20 ± 3.12 (range: 8–18) years and
13.89 ± 2.42 (range: 10–18) years, respectively. There

were no statistically significant differences in the ages
and genders of the participants in two groups (p
> 0.05). In the DM group, the mean duration of the
disease was 5.46 ± 3.30 (min 1 and max 13) years, and
the mean level of HbA1c was 6.26 ± 1.01% (min 5.7%
and max 7.1%). Clinical characteristics of the study
population are presented in Table 1.

Comparison of the results of OSDI, tear film, and
ocular surface parameters between the two groups is
shown in Table 2. OSDI scores of all participants were
with in the normal range according to algorithm, and
no significant difference was observed between groups
in terms of OSDI scores (p = 0.258). TBUT was signifi-
cantly shorter in the diabetic group (9.98 ± 3.97 s) than
in the control group (12.13 ± 3.23 s) (p = 0.001).
Schirmer test scores were 12.09 ± 5.73 mm in the dia-
betic group and 15.09 ± 4.01 mm in the control group.
The differences between the two groups were statisti-
cally significant (p = 0.001). Slit-lamp biomicroscopy of
the eyelid margins and conjunctiva did not reveal any
coexistent blepharitis, meibomian gland disorder and
there was no ocular surface staining with fluorescein in
both groups.

Cytologic evaluation of the conjunctiva revealed
grade 0 changes in all participants of both groups
(Figure 1). Goblet cell count was 532.7 ± 72.3 cells/
mm2 in the diabetic group and 555.1 ± 65.6 cells/
mm2in the control group (p = 0.098).

Correlation analysis of results of OSDI, TBUT, and
Schirmer tests with DM-related variables revealed
that there was only statistically significant, moderate
correlation between TBUT results with duration of
DM (Table 3, Figure 2, r = −0.309, p = 0.036).

DISCUSSION

Dry eye is a multifactorial disease of the ocular sur-
face characterized by a loss of homeostasis of the tear
film, and accompanied by ocular symptoms, in which
tear film instability and hyperosmolarity, ocular sur-

TABLE 1. Demographics and clinical characteristics of
participants.

DM Group
(n = 65)

Control
Group

(n = 55) p-Value

Age, years (mean ± SD) 14.20 ± 3.12 13.89 ± 2.42 0.551*
Women/men (n/n) 29/36 30/25 0.278**
The duration of DM,
years (mean ± SD)

5.46 ± 3.30 —

The mean HbA1c, %
(mean ± SD)

6.26 ± 1.01% —

DM: diabetes mellitus; HbA1c: glycosylated hemoglobin;
SD, standard deviation.

*Independent samples t-test.
**Chi-square test.
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face inflammation and damage, and neurosensory
abnormalities play etiological roles.22 While altera-
tions of tear function parameters in DM have been
studied, the results remain controversial and few
have focused on the ocular surface changes in chil-
dren with type 1 DM. In this study, we assessed OSDI
questionnaire, TBUT, Schirmer test, and conjunctival

impression cytology in pediatric patients with type 1
DM without DR and compared the results obtained
with those in healthy children to investigate the pos-
sibility of developing ocular surface changes in dia-
betic children. As children with type 1 DM without
any signs of DR and neuropathy have a lower pre-
valence of comorbidities that may contribute to ocular
surface changes, we thought that a study involving
only children with type 1 DM may be better suited to
evaluate ocular surface changes due specifically to the
metabolic dysregulation of DM.23

There are limited number of studies evaluating
ocular surface changes and dry eye in diabetic chil-
dren in the literature.24–26 Akinci et al.24 performed
TBUT and Schirmer tests with topical anesthesia as in
our study and found a higher prevalance of dry eye in
children with type 1 DM than controls based on TBUT
and Schirmer test scores. They reported that there
were no significant differences among subgroups
divided according to HbA1c levels. However, they
found TBUT and Schirmer test results were

TABLE 2. Comparison of OSDI results, Schirmer test, TBUT and goblet cell density among groups.

Tear film function tests and ocular surface parameters
DM group
(n = 65)

Control group
(n = 55) p-Value

OSDI
Mean ± SD

5.8 ± 6.3 5.2 ± 6.6 0.258*

Schirmer test (mm)
Mean ± SD

12.09 ± 5.73 15.09 ± 4.01 0.001*

TBUT (s)
Mean ± SD

9.98 ± 3.97 12.13 ± 3.23 0.001*

GCD (cells/mm2)
Mean ± SD

532.7 ± 72.3 555.1 ± 65.6 0.098*

OSDI: ocular surface disease index; DM: diabetes mellitus; TBUT: tear break-up time, GDC: goblet cell density;
SD, standard deviation.

*Independent samples t-test.

FIGURE 1. (A–F): Impression cytology specimens (periodic acid–Schiff hematoxylin staining, ×40). (A–C): Specimens from control
subjects show abundant periodic acid–Schiff-positive oval-plum goblet cells (black arrows) and sheets of small, round nonsecretory
epithelial cells (yellow arrows) with nucleocytoplasmic ratio 1:1 or 1:2 (squamous metaplasia grade 0). (D–F): Specimens from diabetic
patients showconjunctival cytology of grade 0. Epithelial cells (yellow arrows) are small and round and have a normal nucleo⁄
cytoplasmic ratio. Reddish pink goblet cells (black arrows) are abundant.

TABLE 3. Correlations between the duration of DM and
HbA1c values with investigated parameters in diabetic
patients.

Duration of DM
(years) HbA1c values (%)

OSDI r = 0.104, p = 0.331 r = 0.099, p = 0.534
Schirmer test
(mm)

r = −0.177, p = 0.159 r = −0.024, p = 0.850

TBUT (s) r = −0.309, p = 0.036 r = −0.076, p = 0.549

r: Pearson correlation coefficient.
Bold values indicate statistically significant correlations.
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significantly lower in patients with DM for more than
10 years. Similarly in our study, Schirmer test and
TBUT results were significantly lower in diabetic chil-
dren and there was only statistically significant corre-
lation between TBUT and duration of DM. Despite
Schirmer and TBUT tests are widely applied for both
clinical and research purposes, diagnosis of dry eye is
a challenging task due to the limitations of tests
including TBUT, Schirmer and their lack of correla-
tion with dry eye symptoms.27 Moreover, they are not
able to predict the extent of cytological changes in the
ocular surface. For this reason, Gunay et al.25 investi-
gated the presence of dry eye and ocular surface
characteristics of diabetic children with dry eye tests
including conjunctival brush cytology. They found
lower Schirmer scores, similar TBUT results and
a significant decrease in goblet cell count in diabetic
children as compared to controls. Although brush
cytology is also a promising technique, impression
cytology, which is also safe, relatively simple, mini-
mally invasive biopsy method that may detect early
dry-eye changes, allows a homogenous collection of
a single epithelial cell layer and does not depend on
the strength and duration of application on the
conjunctiva.28 Therefore, we performed conjunctival
impression cytology. The Schirmer test scores were
low similarly to Gunay’s study; however, the TBUT
results were low and there was no significant differ-
ence in the number and morphology of the goblet
cells. Goebbels29 compared 86 Type 1 diabetics
(>30 years duration of DM) with retinopathy and 84
nondiabetic controls. They reported that DM group
showed decreased Schirmer test readings (without
topical anesthesia) and significantly more frequent

and pronounced signs of conjunctival metaplasia.
Different impression cytology results from our study
and can be explained by the study population of
Goebbels29 with more than 30 years duration of DM.
However, TBUT was found to be to be equivalent in
diabetic and nondiabetic individuals in the study of
Goebbels29 They reported that even though no signif-
icant differences were found between diabetic and
nondiabetic subjects regarding TBUT, it cannot be
concluded definitively from these data that tear film
stability does not actually differ between diabetics
and nondiabetics. Since TBUT is a very rough test
for the determination of tear film stability and large
interindividual and intraindividual deviations can be
found even when performed in a standardized
procedure.30

It is still not clear why diabetic patients develop
dry eye more often than healthy subjects.31 Lipid,
aqueous, and mucin which are the major components
of the tear film, are at the risk of being adversely
affected in diabetic patients. One possible explanation
could be an exocrine dysfunction of the main lacrimal
gland, which is responsible for the secretion of the
aqueous portions of the tear film, in patients with
DM. Advanced glycation end-products (AGE) modi-
fied proteins were found to be elevated in DM tears
and increased expression of the AGE in the lacrimal
gland is assumed to be a cause of lacrimal gland
dysfunction in DM.32,33 Other reasons might be the
reduction of stimulatory signals from the ocular sur-
face to the lacrimal gland as consequence of the
reduced corneal sensation and the influence on regu-
latory systems and/or could be the development of
additional unknown proteins in the tear that change

FIGURE 2. The correlations among the TBUT and duration of DM (p = 0.036, r = −0.309).
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the composition of tear.34 Our results can support
these mechanisms by revealing low Schirmer scores
in diabetic children.

The other explanation could be a reduction in num-
bers of goblet cells, main mucin-secreting cells, contri-
buting to the tear film instability observed in DM.35,36

The test of TBUT shows tear film instability which is
not a deficiency of the aqueous layer of the tear film;
rather, it is the inadequacy of the lipid and/or mucin
component in the tear film produced by the meibo-
mian glands and conjunctival goblet cells, respectively.
In the present study, we found low TBUT values in the
diabetic group while there was no significant differ-
ence in numbers and morphology of goblet cells
between groups. Goblet cell loss in patients with dia-
betic peripheral neuropathy and poor metabolic con-
trol has been previously reported.35 However, diabetic
children with good metabolic control were included in
the present study. This might be why we do not find
a significant difference in the number of goblet cells
among the groups. Low values of TBUT in the diabetic
group might be due to dysfunction of meibomian
glands, which are responsible for the secretion of the
lipid portion of the preocular tear film, although mei-
bomian gland dysfunction was not detected biomicros-
copically. Two human studies have previously
reported a compromised tear lipid layer in DM
patients.37,38 Lack of lipid layer is associated with tear
film evaporation, one of the important factors in dry
eye development.39

The cornea is the most densely innervated part of
the human body and derives its innervation from the
ophthalmic division of the trigeminal nerve. Animal
studies suggested that decreased trophic effects of tri-
geminal sensory nerves on the conjunctiva and cornea
could be a reason of decreased tear secretion.40

Hosotani et al.41 revealed that corneal sensation is
impaired within 3 months in diabetic rats and it was
reported that in vivo corneal confocal microscopy can
be useful for early detection of diabetic neuropathy.42

Besides this intense innervation of the ocular surface,
meibomian glands are innervated by parasympathetic
fibers with a smaller contribution from sympathetic
and sensory neurons.43 In the study of Misra et al.44

comparing tear film metrics in patients with type 1 DM
and healthy controls and investigating the association
between peripheral neuropathy and ocular surface
quality, it was shown that DM group exhibited signifi-
cantly reduced tear film stability, secretion, and lipid
layer quality relative to the age-matched control group.
They also found negative correlation between tear film
parameters and total neuropathy score suggesting that
ocular surface abnormalities occur in parallel with dia-
betic peripheral neuropathy. Decreased innervation of
lacrimal and meibomian glands due to subclinical neu-
ropathy may be the underlying cause of low TBUT and
Schirmer scores detected in diabetic children.

In our study, the similarity in OSDI scores may be
due to the fact that the study group is composed of
a pediatric population. In the study of Han et al.,45 it
was shown that children with dry eye conditions may
have fewer symptoms than adults with similar dry
eye conditions. It may be explained that children may
have less experience of discomfort or pain, thus have
a poorer ability to identify discomfort caused by ocu-
lar surface compromise.46

One of the important limitations of the study was lack
of meibography, in vivo corneal confocal microscopy and
tear film osmolarity data of participants. With the future
studies including all these tests,we can better understand
the underlying causes of dry eye in diabetic patients.
Another limitation was that the cross sectional nature of
the study which might limit the generalizability of the
results. However, the strengths of the study are its strict
inclusion criteria and its power of >90%.

In conclusion, our study indicates that diabetic
children without the symptoms, signs and definitive
diagnosis of dry eye still had lower TBUT and
Schirmer test results than healthy children. The only
disease related variable, which was found to be asso-
ciated with alterations in tear film was the duration of
DM. Therefore, we advise screening for dry eye
among children with Type 1 DM, especially in cases
with long duration of disease.
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