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Abstract:
Background:
Studies have shown a higher incidence of dry eye among patients with diabetes compared to patients without diabetes. However, information
regarding dry eye in patients with proliferative diabetic retinopathy and laser therapy indication is not sufficient.
Objective:
To estimate the clinical manifestation of dry eye syndrome in patients with proliferative diabetic retinopathy and laser therapy indication.
Method:
A cross-sectional study was performed during a local evaluation campaign of diabetic patients with vision disabilities at the Instituto Cearense de
Oftalmologia in Fortaleza, CE, Brazil. Patients with proliferative diabetic retinopathy and laser therapy indication were included in the study. An
anamnesis directly to dry eye complaints was performed, and eligible participants completed the Ocular Surface Disease Index (OSDI)
questionnaire. The slit lamp examination was performed with fluorescein staining; the tear break-up time (TBUT) was measured, and conjunctiva
and corneal was evaluated using Rose Bengal (RB) staining. Finally, the Schirmer I test was performed.
Results:
Twenty-five patients were included in the study with a diagnostic time of Diabetes Mellitus ranged from 1 to 35 years, with an average of 17.2 ±
8.7 years. In our sample, 14 patients (56%) reported glycemic control with insulin, while 11 patients (44%) had oral hypoglycemic agents. The
most prevalent complaint was blurred vision (96% of patients) followed by low visual acuity (92%). A less prevalent complaint was pain (44%).
The mean OSDI score was 49.4 ± 24.2. TBUT was less than 10 seconds in 21 patients (84%), and RB staining grade was more than 3 in 13 patients
(52%). The results of the Schirmer I test ranged from 2 to 35 mm, with a mean of 13.57 ± 9.78 mm. It was smaller than 10 mm in 15 patients
(60%).
Conclusion:
The frequency of manifestation of dry eye syndrome was very common in patients with proliferative diabetic retinopathy and laser therapy
indication. Ocular surface care should be provided for those patients with significant ocular morbidity.
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1. INTRODUCTION
Diabetic Retinopathy (DR) is the most common complication of Diabetes Mellitus (DM) and a leading cause of preve*
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ntable blindness. Currently, DR is the leading cause of visual
impairment in people of working age in the world [1]. After 20
years of illness, approximately 90% of people with type 1
diabetes with and 60% of those with type 2 diabetes develop
some degree of retinopathy [2]. The presence of retinopathy is
an early marker of microvascular complications. It can be cla-
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Table 1. Inclusion and exclusion criteria for entry into study.
Inclusion

Exclusion

Proliferative diabetic retinopathy and laser therapy indication
(panretinal photocoagulation)

Non proliferative or proliferative diabetic retinopathy without laser therapy
indication

Between 18 and 85 years old

Has any active ocular disease, infection
or allergies
Has a systemic condition or taking medications that may affect a study
outcome variable

ssified into non-proliferative (mild, moderate and severe) and
proliferative [3]. Proliferative diabetic retinopathy starts with a
progressive reduction in perfusion of the capillary bed in the
retina. Neovascularization develops to compensate for this
retinal ischemia [4].

anation of the present study was provided, an initial clinical
evaluation was performed, with anamnesis and complete
ophthalmologic examination (Fig. 1).

Dry eye is a multifactorial disease of the ocular surface. It
is characterized by the loss of tear film homeostasis and is
accompanied by ocular symptoms in which tear film instability
and hyperosmolarity, ocular surface inflammation and neurosensory abnormalities play etiological roles [3]. Nowadays,
Dry Eye Syndrome (DES) is classified as evaporative and/or
lacrimal aqueous layer deficiency (excess evaporation due to
deficiency of the lipid layer). Due to its negative influence on
the visual function and quality of life of patients, dry eye
imposes a significant burden on public health [5]. The tests for
this diagnosis evaluate the stability of Tear Break-Up Time
(TBUT), aqueous layer and lacrimal exchange (Schirmer test,
fluorescein clearance, red phenol test and fluorophotometry),
alteration of the ocular surface (dyes such as rose bengal and
cytology) and qualitative analysis of the tear film (osmolarity
and protein analysis) [6]. Several tests are necessary to
optimize the diagnosis of dry eye, as well as a symptom questionnaire [7].

The anamnesis was directed to complaints of ocular pain
and burning, tearing, blurred vision, photophobia, foreign body
sensation or ocular dryness, weight on the eyelids and
conjunctival hyperemia. Besides, patients were subjected to the
Ocular Surface Disease Index () questionnaire. The OSDI is a
questionnaire with 12 questions that are graded from 0 (zero) to
4. The total value ranges from 0 (zero) to 100 in which higher
scores indicate more severe symptoms. Its final value is
calculated by (sum of all scores) X 25 / number of questions
answered [9]. below are the questions that constitute the
questionnaire: Have you experienced any of the following
during the last week? Eyes that are sensitive to light, Eyes that
felt gritty, Painful or sore eyes, Blurred vision, Poor vision;
Have problems with your eye limited you in performing any of
the following during the last week? Reading, driving at night,
working with a computer or bank machine (ATM), Watching
TV; Have your eyes felt uncomfortable in any of the situations
during the last week? Windy conditions, Places or areas with
low humidity (very dry), Areas that are air-conditioned.

Studies have shown a higher incidence of dry eye among
the patients with diabetes compared with patients without
diabetes [8]. However, information about dry eye in patients
with proli-ferative diabetic retinopathy and laser therapy
indication, particularly panretinal Photocoagulation (PRP), is
not sufficient.
The present study was performed to estimate the clinical
manifestation of dry eye syndrome in patients with proliferative diabetic retinopathy and laser therapy indication during
a local evaluation campaign at the Instituto Cearense de
Oftalmologia. Patients with diabetes were invited to participate
in a consultation to assess visual acuity.
2. MATERIALS AND METHODS
2.1. Study Design
A cross-sectional study was conducted at the Instituto
Cearense de Oftalmologia in Fortaleza, CE, Brazil during a
local evaluation campaign of patients with diabetes and vision
disabilities in March 2018. The hospital ethics committee
approved this cross-sectional study, which followed the tenets
of the Declaration of Helsinki. Patients screened with
proliferative diabetic retinopathy and laser therapy indication
were invited to participate (Table 1).
After informed consent was obtained and detailed expl-

2.2. Data Collection

A slit lamp examination was performed, with particular
attention to the ocular surface, composition, and size of the tear
meniscus, changes in the palpebral margin, conjunctiva, and
cornea.
Initially, the Tear film Break-Up Time (TBUT) was
measured with instillation of a drop of sodium fluorescein
0.25% and consecutively a slit lamp exam with cobalt blue
light was performed, to measure the time for the occurrence of
the first dry spot of the tear film in the cornea in both eyes.
Values less than 10 seconds were considered positive indicative of dry eye.
Afterward, one drop of rose bengal 1% eyedrop was
instilled in the lower fornix of both eyes. The location and
intensity of cornea coloration and the nasal and temporal
conjunctivae were evaluated. A numerical scale quantified the
impregnation of these three areas in each region, ranging from
0-3 (Bijsterveld scale), in which: 0 means absence of staining,
1 means punctate staining, 2 means staining with confluent
points, and 3 means staining of large plaques. Scores greater
than or equal to 3 were considered as positive indicative of dry
eye [10].
Finally, after 20 minutes, it was performed the Schirmer I
test without anesthetic drops. The Schirmer stripswere inserted
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in the inferior conjunctival sac of both eyes for 5 minutes.
Measurements smaller than 10 mm were considered positive
indicative of dry eye.

and low humidity environment (both referred by 14 patients:
56%). The results of the questionnaire questions are listed in
Table 4.

2.3. Data Analysis

TBUT was less than 10 seconds (altered) in 21 patients
(84%), and the Rose Bengal test staining was more than 3 in 13
patients (52%). The results of the Schirmer I test ranged from 2
to 35 mm, with a mean of 13.57 ± 9.78 mm. It was smaller than
10 mm in 15 patients (60%). These results are shown in Fig.
(2).

Descriptional statistics was performed using GraphPad
Prism 6 for Mac. The OSDI questionnaire with 12 questions
was graded from 0 (zero) to 4, and the total value ranges from
0 (zero) to 100 in which higher scores indicate severe
symptoms. TBUT values less than 10 seconds were considered
positive as indicative of dry eye. Rose bengal scores greater
than or equal to 3 were considered positive. In Schirmer test,
wetting of paper less than 10 mm after 5 minutes without local
anesthesia was considered as abnormal. P-value < 0.05 was
considered significant. The statistical tests were applied as
appropriate.
3. RESULTS
From a total of eighty-three screened patients with
diabetese, twenty-five were included in the study (Table 2).
Their age ranged from 25 to 82 years old, with a mean of 59.8
± 11.6 years old. The ratio between men and women was 1:1.3.
As for ethnicity, the group was divided into 12 pardos (48%),
11 whites (44%), and two blacks (8%).
Regarding risk factors, our patients answered ques-tions
about sun exposure and smoking. However, 9 (36%) said being
ex-smokers, with a smoking load ranging from 2 to 72 years.
The mean smoking age was 30.5 ± 27.21 years.
The time of diagnosis of Diabetes Mellitus ranged from 1
to 35 years (Table 3), with an average of 17.2 ± 8.7 years.
Other complications were investigated, and only one patient
(4%) had peripheral vasculopathy. In our study, 14 patients
(56%) reported of using insulin for glycemic control, while 11
patients (44%) reported of using oral hypoglycemic agents for
glycemic control.
The mean OSDI score was 49.4 ± 24.2. The most prevalent
complaint in our study was blurred vision, presented by 24
patients (96%), followed by low visual acuity (23 patients:
92%), sensitivity to light and foreign body sensation (19
patients: 76%). The least prevalent complaint was pain (11
patients: 44%). The most challenging activity to be performed
was reading (17 patients: 68%), followed by watching TV (16
patients: 64%). Driving and using the cash machine was
complained by 24% and 32% patients, respectively. The
discomfort in air-conditioned environments was most
mentioned (18 patients: 72%), followed by discomfort in wind

Patients with altered TBUT, Rose Bengal and Schirmer I
simultaneously have at least ten of the symptoms reported in
Table 4; those who had two altered tests had at least nine of the
symptoms; only the altered TBUT was sufficient for reporting
eight of the symptoms.
4. DISCUSSION
Our study showed that twenty-four patients (96%) had at
least one complaint characteristic of dry eye syndrome, and 21
patients (84%) had at least one test altered (TBUT). The
prevalence of clinical manifestation of dry eye syndrome was
higher in the long duration of diabetes. Of the twelve questions
asked about dry eye symptoms (Table 4), an average of ten
symptoms are found in patients who 35 years of age are over
(83.3%); patients with 21 to 30 years of disease, have an
average of 8 symptoms (66.6%); 1 to 10 years of disease, 6
symptoms (Table 3).
The mean age of the patients and the time of diagnosis of
diabetes were similar to those of other published articles. In
Table 5, it is observed, in the last five years, reports on the
relationship between diabetes and dry eye syndrome [11].
A cross-sectional study evaluated 99 patients, 61 with type
2 diabetes and 38 in the control group, to assess the possible
increase in dry eye frequency in patients with diabetic
polyneuropathy. Lacrimal film breaking time, Schirmer I test
and corneal sensitivity were evaluated. The diagnosis of dry
eye was observed more frequently in the group with diabetic
polyneuropathy (44.4%) than in the control group (28.9%).
Schirmer I, TBUT, and corneal sensitivity values were also
worse in patients with diabetic polyneuropathy. The study
suggests a relationship between dry eye and type 2 diabetes in
patients with diabetic polyneuropathy due to reduced corneal
sensitivity, compromising the balance of tear production and
evaporation. Therefore, patients with diabetic polyneuropathy
should be screened for dry eye to prevent damage to the ocular
surface [17].

Table 2. Patient’s demographics.
Age

25 to 82 years-old

Ethnicity

12 Pardos, 11 Whites, and 2 Blacks

Sun Exposure

5 Patients

Ex-Smokers

9 Patients

Glycemic Control with Insulin

14 Patients
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Table 3. Time of diagnosis of Diabetes Mellitus and symptoms of dry eye.
Time

Participants

Average Number of Symptoms

Nº

%

Nº

%

1- 10 years

5

20

5

41,6

11- 20years

15

60

7

58,3

21- 30 years

3

12

8

66,6

> 30 years

2

8

10

83,3

Table 4. Summary of participant responses to questions.
Nº of Participants= 25
Questions

Nº of
Participants Responding
“Yes”

%

Nº of
Participants Responding
“No”

%
4

Blurred vision

24

96

1

Low visual acuity

23

92

2

8

Clarity sensitivity

19

76

6

24

Foreign Body Sensation

19

76

6

24

Pain

11

44

14

56

Difficulty in the last

Read

17

68

8

32

Week

Watch TV

16

64

9

36

Use PC or cash machine

8

32

17

68

Drive at night

6

24

19

76

Air conditioning

18

72

7

28

Wind

14

56

11

44

Environment with low
Humidity

14

56

11

44

Symptoms in the last week

Discomfort in the
last week

Day of care for
patients with DM (No
of patients screened
= 83)

Patient with DR and
laser indication?

No

Exclusion of study
(No of patients=
58)

Yes
Invitation to participante in the
study and consent form signed
(No of patients = 25)

1. Interview
2. OSDI
3. Slip lamp exam
4. TBUT
5. Rose
6. Schirmer

Fig. (1). Flow chart demonstrating the study design. DM: Diabetes Mellitus; No: number; DR: Diabetic Retinopathy; OSDI: Ocular Surface Disease
Index; TBUT: tear film break-up time.
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N° of volunteers

Dry Eye Tests
25
20
15
10
5
0

TBUT

Rose Bengal

Schirmen I

Normal

4

12

13

Altered

21

13

15

Fig. (2). Results from dry eye tests (TBUT, Rose Bengal, and Schirmer) in subjects with proliferative diabetic retinopathy and laser therapy
indication. TBUT: tear film break-up time.

Table 5. Summary of studies showing the association between Dry Eye Syndrome and diabetes mellitus in the last five years.
AUTHORS

TITLE

RESULTS

Zou X, et al [12]
(2018)

Prevalence and clinical characteristics of dry eye disease in
community-based dry eye and diabetes mellitus 2 diabetic
patients: the
Beixinjing eye study.

Significant association between the presence of dry eye,
higher glycemia and elevation of glycosylated hemoglobin.

Association of long-term glycaemic control on tear break-up
times and Determination of Risk Factors and Treatment of
Dry Eye Disease in Type 1 Diabetes Before Corneal
Good glycemic control is a modifiable risk factor for both dry
Ma A, et al [13] (2018)
Complications
eye and tear film instability in patients with type 2 diabetes.
at Sindh Institute of Ophthalmology and Visual Sciences. dry
eye symptoms in Chinese patients
with type 2 diabetes.
Shujaat S, et al [14]
(2017)
Al Houssien AO, et al
[15] (2017)

Investigation of Ocular Tear Ferning in Controlled and
Uncontrolled Diabetic Subjects.

Acute increase in frequency and risk of developing dry eye
disease in patients with type 1 diabetes.

Magnitude of diabetes and hypertension among patients with
Uncontrolled blood glucose levels appeared to be a risk factor
Dry Eye Syndrome at a tertiary hospital of Riyadh, Saudi
for dry eye syndrome.
Arabia - A case series.

Kan S, et al [16]
(2017)

The effects of blood glucose regulation on tear function tests
in diabetic patients.

DM is a hyperosmolar disorder that appears to cause
elevation in the rate of ocular surface disease, especially if
glycemia is poorly regulated.

Aljarousha
M, et al [18] (2016)

Comparison of Dry Eye Parameters between
Diabetics and Non-Diabetics in District of Kuantan, Pahang.

Dry eye symptoms were significantly associated with
diabetics.

Achtsidis V, et al [17]
(2014)

Dry eye syndrome in subjects with diabetes and
association with neuropathy.

DES is common in patients with diabetes,
especially in cases of neuropathy, and is associated with
reduced corneal sensitivity. Hypoaesthesia of the cornea
reduces patient symptoms.

Lv H, et al [18] (2014)

Meta-analysis and review on the changes of tear function and
corneal sensitivity in diabetic patients.

The sensitivity of the cornea was lower in diabetic patients
than in the control group, suggesting worsening of the
lacrimal functions in these patients compared to the control
group.

Diabetes-associated dry eye syndrome in a new

Association of dry eye disease with insulitis and

humanized transgenic model of type 1 diabetes.

clinically relevant diabetes in mice.

Imam S, Elagin RB,
Jaume JC [19] (2013)
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(Table 5) contd.....

AUTHORS

TITLE

RESULTS

Najafi L, et al [20]
(2013)

Dry eye and its correlation to diabetes
microvascular complications in people with type 2 diabetes
mellitus.

Dry eye disease is common in people with type 2
diabetes, being more prevalent in people suffering from
advanced stages of diabetic Retinopathy

Najafi et al. studied 243 patients with type II diabetes. The
prevalence of dry eye disease was 27.7%. A significant correlation was found between dry eye disease and diabetic
retinopathy (P = 0.01), the former being more prevalent in
people with proliferative diabetic retinopathy and/or with
clinically significant macular edema (0.006). It can thus be
concluded that dry eye disease is common in people with type
2 diabetes, especially in those with advanced stages of diabetic
retinopathy [20].

physiological aging process, the dry weather in the region and
the high prevalence of neurological impairment in type 2
diabetic patients.

Another study performed tests on 100 subjects (50 healthy
subjects in the control group and 50 subjects suffering from
diabetes) aged between 50-70 years. In the group of diabetic
patients (n = 50) it was found that 37 (74%) of them had lower
values of tear secretion and 23 (46%) had lower values of
TBUT. In the control group (N = 50), they found that 28 (56%)
presented lower values of lacrimal secretion and 17 (34%) of
them had lower TBUT values [21].

HUMAN AND ANIMAL RIGHTS

Ma A, et al. [13], as in our study, included in the study
time of diagnosis, on average 17 years, the age of patients 65 ±
11 years, and OSDI 16, observing statistical relevance in the
last two. The mean levels reported by Kan S, and cols.20 of the
OSDI score, the TBUT test, and the Schirmer test were altered
after a decrease in glycemic levels, with OSDI ranging from a
mean of 28.38 to 17.82 (p < 0.05). Aljarousha M, et al. [8]
observed a higher percentage of dry eye symptoms in diabetics,
as well as tear film rupture time significantly different between
diabetics and non-diabetics. Lv H et al [18] evaluated in their
meta-analysis that the sensitivity of tear film in diabetic
patients is worse in comparison to the control group. They also
concluded that diabetic patients with proliferative diabetic
retinopathy are more predisposed to impaired tear function and
corneal sensitivity and should always be examined for changes
in the tear film and ocular surface.

An informed written consent was obtained from all the
patients when they were enrolled.
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