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Abstract

Aim To evaluate blinking patterns in patients

with diabetes mellitus and whether blinking

contributes to the formation of superficial

punctate keratopathy in diabetic patients.

Methods We examined 163 patients with type

II diabetes mellitus and 76 without diabetes.

Blinks were recorded, analysed using six

parameters, and compared between patients

with and without diabetes. Multivariate

regression analysis was performed to assess

the influence of other ocular factors, such as

status of tear lipid layer, tear breakup time,

corneal sensitivity, the result of cotton thread

test, or blinking rate related to superficial

punctate keratopathy.

Results In patients with diabetes, the average

mean and maximum interblinking times were

longer, the average coefficient of variation of

interblinking time was higher, and the average

blinking rates were lower than those in

patients without diabetes. Multivariate

regression analysis revealed that the status of

tear lipid layer and tear breakup time were

significantly relevant to superficial punctate

keratopathy (Po0.01).

Conclusion Interblinking time was longer in

diabetic patients, resulting in a decreased

blinking rate. The prevalence of superficial

punctate keratopathy cannot be predicted

from blinking patterns in patients with

diabetes.
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Introduction

Diabetes mellitus is a syndrome characterized

by hyperglycemia leading to associated

microvascular and/or macrovascular

complications. Patients with this disease often

develop not only diabetic retinopathy but also

keratoepitheliopathies, such as superficial

punctate keratopathy, recurrent corneal erosion,

and persistent epithelial defects.1–4 Diabetic

keratoepitheliopathy has been attributed to

quantitative and qualitative abnormalities in

tear secretion,1 decreased corneal sensitivity,1,2

and poor adhesion of regenerating epithelial

cells.3 We also found that qualitative

abnormalities in tear secretion such as

nonuniformity of the tear lipid layer and

decreased tear breakup time, and corneal

sensitivity were possibly relevant to diabetic

keratoepitheliopathy.5

Furthermore, we hypothesized that diabetic

patients may show changes in blinking patterns

that would affect keratoepitheliopathy. There

have been, however, no previous reports

evaluating blinking patterns in patients with

diabetes or the relationship between diabetic

keratoepitheliopathy and blinking.

The aims of this study were to evaluate

patterns of blinking in patients with diabetes

mellitus and whether blinking contributed to

the formation of keratoepitheliopathy,

especially superficial punctate keratopathy in

diabetic patients.

Materials and methods

We examined 163 patients (97 men and 66

women) with type II diabetes mellitus at

Nadogaya Hospital (Chiba, Japan) between

January and March of 2002. The mean patient

age was 65.679.7 years (mean7standard

deviation) (range 45–84 years). The mean

duration of diabetes mellitus was

10.278.7 years (range 6 months–40 years). In all,

93 patients were without diabetic retinopathy,

62 with nonproliferative retinopathy, and eight
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with proliferative retinopathy. The mean value of

haemoglobin A1c was 7.371.6% (range 4.7–13.3%) at the

time of examination. Patients who had intraocular

surgery before were excluded from this study. As for

controls, 76 patients (33 men and 43 women) with

cataract were examined. These controls did not have

diabetes mellitus without intraocular surgery and

abnormalities of the cornea, conjunctiva, or eyelid.

Patients whose chief complaints were dryness were

excluded. The mean control patient age was

68.179.3 years (range 33–81 years). All patients in both

groups had a corrected visual acuity of 20/200 or better.

There was not much difference in age between the

diabetic and control groups. All patients in both groups

were provided with informed consent to participate in

the study.

The severity of corneal surface damage (superficial

punctate keratopathy) was evaluated by staining the

cornea with fluorescein, and the area and density of

staining were recorded.6,7 The product of area (0, 1, 2, or

3) and density (0, 1, 2, or 3) was used as the index of

corneal surface damage (Table 1).

Measurements and the blinking analysis based on the

previous report8 were performed. The patients were

allowed to relax in a chair, and were asked to look at a

videotape camera placed 3 m away from the patient.

They were videotaped for at least 3 min, with the middle

90 s used for analysis. The recorded images were

analysed, using a blink analyser, for each patient. The

blink analyser calculated the following six parameters:

(1) mean interblinking time (IBT)Fthe mean time from

the end of the blink to the start of the next blink, (2) mean

blinking time (BT)Fthe mean time from the start to the

end of one blink, (3) Max IBT-the longest observed IBT

during measurement, (4) Max BTFthe longest observed

BT during measurement, (5) coefficient of variation (CV)

of IBTFthe SD of the mean IBT divided by the mean IBT

(this reflects the irregularity of the blinking pattern), and

(6) CV of BTFthe SD of the mean BT divided by the

mean BT (this reflects the irregularity of the blink itself).

Tear film status was assessed using the specular

reflection videorecording system (DR-1, Kowa Co.,

Tokyo, Japan).7 The DR-1 camera focuses on a

2.2� 3.0 mm2 area of the central cornea. The obtained

images were printed out and the status of lipid layer was

classified into five grades based on the specific

interference colour (Table 2).7 The cotton thread test was

performed according to standard procedures.9 The

thread was placed on the palpebral conjunctiva at the

lateral one-fifth of the lower lid. After 15 s, the thread was

gently removed and the amount of tear secretion was

measured. Tear breakup time was measured as the time

between the last complete blink and the first disturbance

of the precorneal tear film.10 The corneal sensitivity was

measured by means of a Cochet–Bonnet aesthesiometer.11

The tip of the fully extended Cochet–Bonnet

aesthesiometer was advanced steadily toward the centre

of cornea. When the end plate of the aesthesiometer fibre

was found to be in contact with the surface of the cornea,

slight pressure was exerted just to visibly bend the fibre,

starting at 6.0 cm and progressing by 0.5 cm decrements.

The right eye of each patient was used in this study.

The unpaired t test or the Mann–Whitney U-test was

used to compare the diabetic and control groups.

Multivariate regression analysis was performed in

diabetic patients to determine how much variance in

superficial punctate keratopathy was explained by the

measured variables. The blinking rate, lipid layer status,

tear volume, corneal sensitivity, and tear breakup time

were used as independent variables. The dependent

variable was the index of superficial punctate

keratopathy (the area grade�density grade).

Results

In patients without diabetes, the overall average of the

mean IBT was 5. 575.9 s, with an average Max IBT of

13.5711.7 s and an average CV of IBT of 71732%

(Figure 1). The average mean BT was 0.1970.05 s, with an

average Max BT of 0.3470.24 s and an average CV of BT

of 22715%. In 1 min, 22.2718.5 blinks were observed. In

patients with diabetes, the overall average of the mean

IBT was 7.578.0 s (P¼ 0.04, Mann–Whitney test), with an

average Max IBT of 18.1714.5 s (P¼ 0.006, Mann–

Whitney test) and an average CV of IBT of 83735%

(P¼ 0.02, t-test). The average mean BT was 0.2070.05 s

(P¼ 0.35, t-test), with an average Max BT of 0.3970.38 s

(P¼ 0.62, Mann–Whitney test) and an average CV of BT

of 25720% (P¼ 0.38, Mann–Whitney test). In 1 min,

Table 1 Classification of severity corneal epithelial lesions

Area: corneal surface area Density: density of damaged lesions

A0: no punctate staining D0: no punctate staining
A1: less than one-third D1: sparse density
A2: one-third to two-thirds D2: moderate density
A3: more than two-thirds D3: high density with

overlapping lesions

Table 2 Classification of tear lipid layer interference patterns

Grade 1: greyish colour and uniform duistribution
Grade 2: greyish colour with uneven distribution
Grade 3: two or more colours, uneven distribution
Grade 4: numerous colours
Grade 5: visible corneal surface
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17.1714.3 blinks (P¼ 0.04, Mann–Whitney test) were

observed.

Multivariate regression analysis showed that the status

of tear lipid layer and tear breakup time were

significantly correlated with the index of superficial

punctate keratopathy (Po0.0001, R2 ¼ 0.36) (Table 3). The

blinking rate (P¼ 0.58), the results of corneal sensitivity

(P¼ 0.62), and cotton thread test (P¼ 0.70) were not

significantly correlated with the index of superficial

punctate keratopathy.

Discussion

Blinking plays a role in maintaining ocular surface

moisture and to wash foreign bodies out of the eyes with

tears. Blinking rates reportedly range from 14.3 to 24 per

min in healthy people.8,12,13 Blinking patterns appear to

be associated with psychological conditions and/or

certain systemic diseases.8,13–15 There are several reports

describing patients with systemic diseases as showing

changes in blinking patterns; increased blinking rates in

patients with schizophrenia14 or dry eye,8 and decreased

blinking rates in patients with parkinsonism13 or panic

disorder.15 Patients with schizophrenia, parkinsonism,

or panic disorder were excluded from this study, but

some with dry eye may have been included. In previous

studies of diabetic patients, tear breakup time and the

results of the Schirmer test were decreased, suggesting

dry eye, and corneal sensitivity was decreased.5,16 In this

study, tear breakup time and corneal sensitivity were also

decreased in diabetic patients. Although patients with

dry eye have been reported as having increased blinking

rates,8 in this study patients with diabetes showed

decreased blinking rates. Other factors apart from dry

eye would tend to decrease blinking rates in patients

with diabetes.

There are no previous reports evaluating the

correlation between blinking rates and these ocular

factors in patients with diabetes. In normal subjects, the

Figure 1 Blinking parameters (Mean of IBT, Max of IBT, CV of IBT, Mean of BT, Max of BT, and CV of BT) and blinking rates in
patients without diabetes (&) and those with diabetes (&) (Mann–Whitney test; *Po0.01, **Po0.05, unpaired t-test; **1 Po0.05).

Table 3 Multivariate regression analysis

Factor Regression
coefficient

Standard-regression
coefficient

P

Tear lipid layer 0.464 0.345 o0.0001
Tear breakup time �0.147 �0.392 o0.0001
Corneal sensitivity 0.029 0.032 0.62
Cotton thread test 0.004 0.025 0.70
Blinking rate �0.003 �0.035 0.58

R2 ¼ 0.36.
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blinking rate was significantly lower following

anaesthetic administration (decreased corneal

sensitivity),17 and there was a significant correlation

between tear breakup time and the blinking rate.12 In this

study, the blinking rates in patients with diabetes did not

show any significant correlations with other ocular

factors such as corneal sensitivity, tear breakup time, the

status of lipid layer, or the result of cotton thread test

(data not shown).

In this study, the average mean BT was 0.1970.05 s in

patients without and 0.2070.05 s in those with diabetes.

These results are essentially consistent with those of a

previous report,8 which showed the average mean BT to

be 0.2070.04 and 0.2770.16 s in normal subjects and

patients with dry eye, respectively. The IBT in patients

with dry eye has been reported as significantly shorter.6

In patients with diabetes, the IBT was significantly longer

in our study. A change in blinking rate would be induced

by an IBT change.

The overall prevalence of superficial punctate

keratopathy was 23.9% in the diabetic patients, similar to

that in our previous report.5 We previously evaluated the

relationship between the severity of diabetic

keratoepitheliopathy and various ocular and systemic

factors by multivariate regression analysis, and revealed

that only the state of the tear lipid layer was significantly

associated with the development of diabetic

keratoepitheliopathy.5 In this study, the blinking rate was

added as one of the ocular factors, and we re-evaluated

the factors that contributed to the severity of superficial

punctate keratopathy. The status of tear lipid layer and

tear breakup time were significantly correlated with the

index of superficial punctate keratopathy, but the

blinking rate was not. Corneal sensitivity, hypothesized

to be related to blinking, did not have any significant

correlations with the severity of superficial punctate

keratopathy. Among these ocular factors, tear-related

factors including the status of tear lipid and tear breakup

time are more important contributors to the severity of

superficial punctate keratopathy than corneal sensitivity

and blinking rate.

In conclusion, in patients with diabetes the IBT was

prolonged, resulting in decreased blinking rate.

However, the presence of superficial punctate

keratopathy cannot be predicted from blinking patterns

in diabetic patients.
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