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AbstrACt
Objective To investigate the risk of recurrent corneal 
erosion (RCE) in patients with diabetes mellitus (DM).
Design, setting and participants This retrospective, 
nationwide, matched cohort study included 239 854 
patients with DM recruited between 2003 and 2005 from 
the Longitudinal Cohort of Diabetes Patients database. The 
control group included the same number of age- matched 
and sex- matched patients without DM selected from the 
Taiwan Longitudinal Health Insurance Database, 2000. 
Data for each patient were collected from the index date 
until December 2013.
Main outcomes and measures The incidence and risk 
of RCE were compared between the two groups. Cox 
proportional hazards regression was used to calculate the 
HR for RCE after adjustment for potential confounders. 
The cumulative RCE incidence rate was calculated using 
Kaplan–Meier analysis.
results In total, 1236 patients with DM and 884 controls 
developed RCE during the follow- up period, resulting in an 
incidence rate of RCE in patients with DM (5.87/10 000 
person- years (PY)) higher than that in the controls (4.23/10 
000 PY). After adjustment for potential confounders, 
including hypertension, hyperlipidaemia, chronic renal 
disease and keratoconjunctivitis sicca, patients with DM 
were 1.35 times (95% CI, 1.24 to 1.48) more likely to 
develop RCE than the total sample cohort.
Conclusions DM increases the risk of RCE, which is 
an interdisciplinary issue. Therefore, close collaboration 
between endocrinologists and ophthalmologists is 
important in managing RCE following DM.

IntrODuCtIOn
The increasing prevalence of diabetes 
mellitus (DM) is an important public health 
problem worldwide because of its accompa-
nying morbidity and mortality.1 The ocular 
complications related to DM are leading 
causes of blindness and they have become 
general public health issues.2 While diabetic 
retinopathy is the most well- known ocular 
complication, DM- related ocular surface 
complications are also important health 
issues.

Recurrent corneal erosion (RCE) is a 
common clinical complaint characterised by 
chronic relapsing corneal disease. The most 
frequent clinical presentations of RCE include 
redness, pain, photophobia and watering 
of eyes.3 4 RCE occurs frequently in patients 
with corneal epithelial basement membrane 
dystrophies and it is often associated with 
superficial injuries.4 Notably, the compro-
mised ocular surface with epithelial superfi-
cial squamous cell damage related to corneal 
exposure could contribute to RCE develop-
ment. Additionally, the most common patho-
physiology of RCE is insufficient adhesion of 
the corneal epithelium, resulting from the 
reduced attachment of the epithelium to the 
underlying stroma through epithelial base-
ment membrane structures.3 Ultrastructural 
changes in eyes with RCE include a deficient 

strengths and limitations of this study

 ► This study is the largest population- based study that 
has been conducted to explore the relationship be-
tween diabetes mellitus (DM) and subsequent recur-
rent corneal erosion (RCE).

 ► The nationwide and population- based design of this 
study has good statistical power and risk appraisal 
precision, because we included a large sample of 
patients with DM.

 ► Patients with visual disturbances in Taiwan visit an 
ophthalmologist rather than a general practitioner, 
reducing the chances of misdiagnosis and selection 
bias in referral centres.

 ► The diagnosis of DM, RCE and other comorbidity 
disorders relied on International Classification of 
Diseases, Ninth Revision codes, which may lead to 
disease misclassification.

 ► Several important confounding factors including 
ocular blunt trauma, corneal abrasion, postcorneal 
transplantation, corneal dystrophy and band kera-
topathy could not be evaluated, resulting in some 
bias in our study.
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epithelial basement membrane and multilaminar base-
ment membranes attached to the basal epithelial cells.5 
Furthermore, reduced corneal sensory nerve innervation 
arising from the decreased sub- basal nerve plexus plays 
an important role in RCE development.6 7

The cornea’s morphological, physiological, metabolic 
and clinical states are affected by the hyperglycaemia 
status of patients with DM.8 Decreased corneal sensitivity 
is also common in patients with DM.9 10 An elevation in 
the corneal sensitivity threshold of the diabetic cornea 
might lead to abnormal neural regulation and delayed 
epithelial wound healing.11 Additionally, the effects of 
diabetes on the corneal epithelium include an irregularly 
thickened, multilaminated corneal epithelial basement 
membrane and reduced basal epithelial cell density.12 13 
Furthermore, Quadrado et al reported decreased sub- 
basal nerve density in the cornea of patients with DM.14 
Considering the common pathogenic mechanisms shared 
by DM and RCE, determining whether DM is a predictor 
of RCE is clinically relevant. However, no large cohort 
studies have investigated this association between DM 
and RCE. Therefore, we used a nationwide population- 
based data set to design a cohort study for evaluating the 
association between DM and RCE in Taiwan.

The current study belongs to a series of studies that 
we have conducted from the Longitudinal Cohort of 
Diabetes Patients Database that is a data subset of the 
National Health Insurance Research Database (NHIRD) 
and contains the complete medical records for a random 
sample of 120 000 newly diagnosed patients per year 
from 1996 to 2013. The database was released by the 
Taiwan National Health Research Institute and the public 
applied to be part of the database through a formal 
application. Multiple research studies and many publica-
tions have used this database.15 16 Based on the profound 
effects on the structures involved with ocular diseases 
of DM including the retinal vessels, ocular surface and 
optic nerve,17 it is important to investigate the association 
between DM and several different ocular diseases with 
different International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9- CM) codes, aeti-
ologies, manifestations, comorbid conditions, pathophys-
iology theories and treatment modalities. Our research 
team planned to find any associations between DM and 
different ocular diseases such as retinal artery occlusion 
(ICD-9- CM 362.31 and 362.32),15 retinal vein occlusion 
(ICD-9- CM 362.35 and 362.36), corneal ulcer (ICD-9- CM 
370.0, excluding 370.07),16 RCE (ICD-9- CM 371.42) and 
ischaemic optic neuropathy (ICD-9- CM 377.41, excluding 
446.5), and it has attempted to explain the different 
pathophysiological reasons for these associations.

MethODs
Database
In Taiwan, National Health Insurance (NHI) scheme has 
been launched to provide all residents with extensive 
medical care coverage since 1 March 1995. After 2007, 

the scheme had enrolled 22.60 million individuals and 
comprised >98% of the total Taiwanese population. The 
data in this cohort study were obtained from the Taiwan 
NHIRD, which supplies information regarding patient 
sex, date of birth, admission and discharge dates and enci-
phered patient identification numbers. Besides, NHIRD 
includes prescriptions details, costs covered and paid by 
NHI and the diagnoses and procedure codes based on 
ICD-9- CM. The requirement for informed consent was 
waived because no identifiable personal information 
could be analysed using the data sets from the database.

selection of patients and variables
Two study groups were enrolled in this retrospective 
cohort study, both recruited during 2003–2005: a new- 
onset DM group and a matched non- DM control group. 
In total, 239 854 patients with DM (ICD-9- CM code 250) 
diagnosed between 1 January 2003 and 31 December 2005 
were included. They were selected from the Longitudinal 
Cohort of Diabetes Patients Database, which is a data 
subset of the NHIRD and contains the complete medical 
records of a random sample of 120 000 newly diagnosed 
patients per year from 1996 to 2013. RCE was defined as 
ICD-9- CM code 361.42 diagnosed after the index date of 
the patient with DM. Patients with missing data, unknown 
sex or age <20 years were excluded, as were patients diag-
nosed with RCE before DM.

For each DM patient, one non- DM control was 
randomly selected from the Longitudinal Health Insur-
ance Database of 2000, which is a subdata of the NHIRD 
that includes the overall claim data for 1 million beneficia-
ries randomly selected in 2000. No significant differences 
were observed in age, sex or healthcare costs between the 
sample group and all NHI enrollees. The 239 854 controls 
were matched to the patients with DM by age, sex and 
index date. The index date for the DM patients was the 
date of initial diagnosis, while that for the controls it was 
matched to the patient’s index date. Controls diagnosed 
with DM or RCE before the index date were excluded. 
Each patient was followed up to determine the RCE 
incidence until death or the end of 2013, whichever was 
earlier. The flow chart for patient enrolment was shown 
in figure 1. This approach for selection of study sample 
sizes has been used in previous studies.15 16

To differentiate patients who developed RCE after DM, 
every patient was tracked from her or his index date of 
outpatient visit or hospitalisation until December 2013, 
and their demographic data were recorded (eg, sex 
and age). Additionally, we collected data of comorbidi-
ties, including hypertension (ICD-9- CM codes 401–405), 
hyperlipidaemia (ICD-9- CM code 272), chronic renal 
diseases (ICD-9- CM codes 582–588 except 587 and 584) 
and keratoconjunctivitis sicca (ICD-9- CM codes 710.2 and 
370.33). We considered these severe systemic diseases as 
possible confounders because we proposed that hyper-
tension, hyperlipidaemia and chronic renal disease might 
have associations with RCE resulting from the influence 
of corneal nerve fibre regeneration.18 The inclusion 
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Figure 1 The flow chart for patient enrolment. DM, 
diabetesmellitus.

criterion for hypertension, hyperlipidaemia, chronic 
renal disease and keratoconjunctivitis sicca was as follows: 
documentation of the condition at least once in the inpa-
tient setting or ≥3 times in the ambulatory setting within 
1 year before the index date. Several previous studies 
reported important confounders such as ocular blunt 
trauma (ICD-9- CM codes 921.1, 921.2, 921.3 and 921.9), 
corneal abrasion (ICD-9- CM code 918.1), postcorneal 
transplantation (order codes 85 212B, 85 213B, 85 215B, 
85 216B and 85 217B), corneal dystrophy (ICD-9- CM code 
371.5) and band keratopathy (ICD-9- CM code 371.43) as 
potential comorbidities defined by the evident criteria 
mentioned earlier.19–21 However, we could not evaluate 
whether these comorbidities were significant risk factors 
of RCE because of the low number of patients with these 
potential comorbidities or the low incidence of these 
potential comorbidities (online supplementary table 1S).

Patient and public involvement
It was not appropriate or possible to involve patients or 
the public in the design, conduct, reporting or dissemi-
nation of our research.

statistical analysis
SAS V.9.4 for Windows (SAS Institute) was used for statis-
tical analyses. McNemar’s test was used to compare the 
demographic characteristics and comorbidities between 
the DM and non- DM control groups because of the 
matched- pair data. In addition, the mean age was esti-
mated using a paired t- test, and the median follow- up time 
and time to RCE were determined using the Wilcoxon 
signed rank test. The RCE incidence was calculated as 

the number of patients with RCE identified during the 
follow- up period divided by the total number of person- 
years (PY) for each group by age, sex and selected comor-
bidities. The adjusted HRs with 95% CIs for developing 
RCE were calculated using Cox proportional hazards 
regression analyses with the Mantel- Haenszel methods for 
the matched cohort design.22 23 The baseline comorbidi-
ties were set as adjusted confounding factors, including 
hypertension, hyperlipidaemia, chronic renal disease and 
keratoconjunctivitis sicca. Kaplan- Meier analyses were 
performed to calculate the cumulative incidence for 
RCE, and log- rank tests were used to analyse the differ-
ences in the cumulative incidence curves. The propor-
tional hazards assumption was not violated according to 
the assessment using Schoenfeld residuals (p=0.1501). 
Kaplan- Meier curves were generated using STATA (V.12; 
Stata Corp.). Statistical significance was defined as p<0.05.

results
Demographic data
Between 2003 and 2005, 239 854 DM patients and 239 854 
controls were recruited after excluding ineligible patients. 
Table 1 reveals the demographic data for the DM patients 
and matched controls. Data for the evaluated comorbid-
ities are also presented in table 1. The mean age of the 
DM patients and controls was 55.08 (SD, 14.86) years. Of 
the 239 854 DM patients, 133 638 (55.72%) were men and 
106 216 (44.28%) women; among them, 91 232 (38.04%) 
were aged 20–49 years; 85 616 (35.70%) were aged 50–64 
years and 63 006 (26.27%) were aged ≥65 years. The 
DM group exhibited a significantly higher prevalence of 
comorbidities, including hypertension, hyperlipidaemia, 
chronic renal disease and keratoconjunctivitis sicca than 
did the control group. In total, 1236 patients with DM and 
884 controls developed RCE, which led to a significantly 
higher prevalence of RCE in the DM group than in the 
control group. The median follow- up periods for the DM 
and control patients were 9.27 years (Q1−Q3, 8.43–10.12 
years) and 9.33 years (Q1−Q3, 8.51–10.15 years), respec-
tively. The median RCE development times for the DM 
and control patients were 4.08 years (Q1−Q3, 1.63–6.72 
years) and 4.15 years (Q1−Q3, 1.82–6.60 years), respec-
tively. The DM group included 2643 patients (1.10%) 
with type 1 DM and 237 211 patients (98.90%) with type 
2 DM.

Incidence rates for rCe
During the follow- up period, 2120 (2120/479 708, 
0.442%) patients developed RCE, with the proportion 
being significantly higher in the DM group (1236/239 
854, 0.515%) than in the control group (884/239 854, 
0.369%; table 2). In addition, a significant intergroup 
difference was observed in the RCE incidence rate (DM, 
5.87/10 000 PY; control, 4.23/10 000 PY) and adjusted 
HR (1.35, 95% CI=1.24 to 1.48, p<0.0001; table 2).

Patients with DM aged 50–64 years exhibited the 
highest RCE incidence (6.46/10 000 PY), followed by 

https://dx.doi.org/10.1136/bmjopen-2019-035933
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Table 1 Demographic characteristics and comparison of comorbid disorders between the diabetes mellitus and control 
groups

Diabetes mellitus (n=239 854) Control (n=239 854)

P valuen (%) n (%)

Age (years), mean±SD 55.08±14.86 55.08±14.86 >0.999

Age (years)

  20–49 91 232 (38.04%) 91 232 (38.04%) >0.999

  50–64 85 616 (35.70%) 85 616 (35.70%)

  ≥65 63 006 (26.27%) 63 006 (26.27%)

Gender

  Male 133 638 (55.72%) 133 638 (55.72%) >0.999

  Female 106 216 (44.28%) 106 216 (44.28%)

Baseline comorbidities

  Hypertension 74 296 (30.98%) 26 099 (10.88%) <0.0001

  Hyperlipidaemia 24 892 (10.38%) 6091 (2.54%) <0.0001

  Chronic renal disease 5972 (2.49%) 2235 (0.93%) <0.0001

  Keratoconjunctivitis sicca 517 (0.22%) 388 (0.16%) <0.0001

RCE 1236 (0.52%) 884 (0.37%) <0.0001

Overall follow- up time, years

  Median (Q1–Q3) 9.27 (8.43–10.12) 9.33 (8.51–10.15) <0.0001

Time to RCE, years

  Median (Q1–Q3) 4.08 (1.63–6.72) 4.15 (1.82–6.60) 0.6503

Demographic characteristics and comorbid disorders were compared between the diabetes mellitus and control groups by using McNemar’s 
test. The mean age was estimated using paired t- test, and the median of follow- up time and time to RCE were calculated with Wilcoxon’s 
signed rank test.
RCE, recurrent corneal erosion.

those aged 20–49 years (6.18/10 000 PY) and ≥65 years 
(4.42/10 000 PY). The values of adjusted HR were signifi-
cantly higher for the DM patients aged 20–49 years 
(adjusted HR=1.61; 95% CI=1.39 to 1.85; p<0.0001) and 
those aged 50–64 years (adjusted HR=1.22; 95% CI=1.06 
to 1.40; p=0.0048) than the age- matched control groups, 
respectively (table 2).

The RCE incidence rate was 5.11/10 000 PY for DM 
men and 3.02/10 000 PY for male controls (adjusted 
HR=1.63; 95% CI=1.42 to 1.87; p<0.0001). A significant 
difference was also observed between DM women and 
female controls (adjusted HR=1.17; 95% CI=1.04 to 1.32; 
p=0.0081; table 2).

In the DM group, the incidence rates of RCE, from the 
highest to the lowest, were in the order of patients with 
keratoconjunctivitis sicca (28.50/10 000 PY), hyperlipi-
daemia (6.59/10 000 PY), hypertension (5.61/10 000 PY) 
and chronic renal disease (4.58/10 000 PY). However, the 
adjusted HR for RCE in the patients with DM with these 
comorbidities did not indicate a significantly greater risk 
as compared with the controls.

Table 3 provides the crude and adjusted HRs for RCE 
during the follow- up period. After adjusting for the 
selected comorbidities, DM remained an independent 
risk factor for RCE (adjusted HR=1.35; 95% CI=1.24 to 
1.48; p<0.0001). Significant risk factors for RCE in both 

groups included hyperlipidaemia (adjusted HR, 1.19; 
95% CI=1.02 to 1.40; p=0.0289) and keratoconjunctivitis 
sicca (adjusted HR, 4.55; 95% CI=2.89 to 7.15; p<0.0001). 
Hypertension and chronic renal disease were not inde-
pendent risk factors for RCE.

Kaplan- Meier analyses disclosed higher cumulative 
incidence of RCE in the DM group than in the control 
group, and the log- rank test findings were also significant 
(p<0.0001; figure 2).

DIsCussIOn
To our knowledge, no large- scale population- based study 
has previously shown the relationship between DM and 
subsequent RCE or investigated their pathophysiological 
association. Later we discussed several common patho-
genic mechanisms of RCE and DM, including compro-
mised corneal surface, corneal epithelial basement 
membrane abnormally and reduced sub- basal nerve 
plexus. Furthermore, disturbed wound healing of the 
cornea, the effect of epithelial stem cell abnormalities 
and changes in the concentrations of the growth factors 
and cytokines in the patients with DM may be important 
possible reasons for the increased RCE risk after DM.24

A compromised ocular surface, dry eye symptoms and 
decreased corneal sensitivity are common in DM patients, 
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Table 2 Risk of RCE in the diabetes mellitus and control groups

Diabetes mellitus Control

Adjusted HR
(95% CI) P valueN RCE

Person- 
years Rate* N RCE

Peason- 
years Rate*

All 239 854 1236 2 105 144.97 5.87 239 854 884 2 092 291.29 4.23 1.35 (1.24 to 1.48) <0.0001

Age (years)

  20–49 91 232 520 841 613.61 6.18 91 232 329 851 973.47 3.86 1.61 (1.39 to 1.85) <0.0001

  50–64 85 616 498 770 668.23 6.46 85 616 398 765 517.79 5.20 1.22 (1.06 to 1.40) 0.0048

  ≥65 63 006 218 492 863.14 4.42 63 006 157 474 800.03 3.31 1.19 (0.96 to 1.47) 0.1215

Sex

  Male 133 638 590 1 155 583.23 5.11 133 638 346 1 147 019.26 3.02 1.63 (1.42 to 1.87) <0.0001

  Female 106 216 646 949 561.74 6.80 106 216 538 945 272.03 5.69 1.17 (1.04 to 1.32) 0.0081

Baseline comorbidities

  Hypertension 74 296 352 627 725.54 5.61 26 099 137 223 480.07 6.13 0.88 (0.72 to 1.08) 0.2231

  Hyperlipidaemia 24 892 146 221 400.79 6.59 6091 39 54 018.23 7.22 0.98 (0.69 to 1.41) 0.9286

  Chronic renal disease 5972 19 41 498.18 4.58 2235 12 16 064.83 7.47 0.65 (0.31 to 1.36) 0.2523

  Keratoconjunctivitis 
sicca

517 12 4210.81 28.50 388 7 3319.21 21.09 1.62 (0.62 to 4.26) 0.3278

A Cox proportional hazards regression analyses with Mantel- Haenszel methods for matched cohort design was performed to calculate 
the adjusted HRs.
*Rate: per 10 000 person- years.
RCE, recurrent corneal erosion.

Table 3 Crude and adjusted HRs and 95% CI for recurrent corneal erosion during the follow- up period for the study cohort

Crude HR (95% CI) P value Adjusted HR (95% CI) P value

Diabetes mellitus

  Yes 1.40 (1.29 to 1.53) <0.0001 1.35 (1.24 to 1.48) <0.0001

  No 1.00 1.00

Baseline comorbidities

  Hypertension

   Yes 1.26 (1.13 to 1.40) <0.0001 1.11 (0.99 to 1.24) 0.0783

   No 1.00 1.00

  Hyperlipidaemia

   Yes 1.37 (1.18 to 1.60) <0.0001 1.19 (1.02 to 1.40) 0.0289

   No 1.00 1.00

  Chronic renal disease

   Yes 1.20 (0.84 to 1.71) 0.3236 1.06 (0.74 to 1.52) 0.7464

   No 1.00 1.00

  Keratoconjunctivitis sicca

   Yes 4.67 (2.97 to 7.34) <0.0001 4.55 (2.89 to 7.15) <0.0001

   No 1.00 1.00

The adjusted HR for developing recurrent corneal erosion was calculated using the Cox proportional hazards regression analyses with 
Mantel- Haenszel methods for matched cohort design.

because of the reduced secretion, stability and quality of 
the tear film, and declined trophic effect of trigeminal 
sensory nerves on the cornea.25 26 Moreover, impaired 
lacrimal function and weakened wound healing capa-
bility of the corneal epithelium are frequent among DM 

patients and are related to higher glucose concentration 
in the tears.27 28 The high- glucose tear resulting from 
conjunctival vessel leakage in such patients harmed the 
microvasculature of lacrimal gland, leading to lacrimal 
function impairment.28 Advanced glycation end products 
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Figure 2 Cumulative incidence of recurrent corneal erosion 
in patients with diabetes mellitus (DM) and controls during 
the follow- up period.

arising from hyperglycaemia and cellular inflammatory 
response to oxidative stress can modify the structure of 
the ocular surface protein matrix, resulting in widespread 
tissue damage or dysfunction, and reduce the wound 
healing capability of the corneal epithelium.25 Once a 
patient with DM develops a compromised ocular surface, 
it may become vulnerable to mild trauma which is the 
leading cause of RCE. Therefore, RCE is a frequently 
encountered complication of a compromised ocular 
surface with reduced wound healing capability.

Another possible pathogenic association between 
RCE and DM is increased corneal epithelial basement 
membrane abnormality in DM patients. Abnormali-
ties such as irregularly thickened and multilaminated 
membranes have been observed in patients with DM.13 
The lower basal epithelial cell density in the cornea of DM 
patients arising from unhealthy regulation and imbalance 
between cell proliferation, differentiation, migration and 
cell death might be related to the altered maturation of 
epithelial cells, epithelial degeneration, accumulation of 
glycogen granules and basal cell depletion.12 14 Epithe-
lial basement membrane abnormalities and lower basal 
epithelial cell density may lead to RCE development in 
DM patients. Consistently, the complex pathogenesis of 
RCE has been attributed to the defective adhesion of the 
corneal epithelium to the basement membrane because 
of a deficient epithelial basement membrane.3 4 Addition-
ally, the common ultrastructural changes noted in the 
cornea of patients with RCE and DM include a deficient 
epithelial basement membrane and multilaminar base-
ment membranes attached to the basal epithelial cells.5 
These abnormalities in DM patients play an important 
role in RCE development.

The corneal sub- basal nerve plexus, which is capable 
of maintaining corneal sensitivity and normal metabo-
lism of epithelium, is affected by DM.29 The alternations 
in the sub- basal nerve plexus include decreased density of 
sub- basal nerve, reduced nerve branching and increased 
nerve tortuosity.29 Recently, several studies found reduced 

sub- basal nerve density in the cornea of DM patients than 
in normal controls.30 31 Notably, the decreased corneal 
sensory nerve innervation resulting from the reduced 
sub- basal nerve plexus also plays an important role in 
RCE development.6 7

By comparing the different age groups among the 
DM patients, we found that the participants aged 50–64 
years had the highest incidence and those aged ≥65 years 
had the lowest incidence of RCE (table 2). This result 
is inconsistent with the earlier report that investigated 
RCE, including approximately 45%–64% of cases related 
to prior physical injury and 19%–29% of cases related 
to corneal dystrophy, and showed that the highest preva-
lence was observed between the age of 30 and 40 years.20 
We tried to explain the inconsistency on the basis of the 
different RCE populations with different proportions 
of related mechanisms included owing to the different 
study designs of the studies. Our study was a cohort 
study aimed at investigating the RCE incidence rate in 
239 854 DM patients with lower proportions of ocular 
trauma and corneal dystrophy than those in Miller’s 
report. On the other hand, the assumption of more- 
pronounced hyperglycemia- induced corneal changes in 
older patients contradicts the finding of a lower preva-
lence in patients aged ≥65 years (table 2). We proposed 
that the death censoring might have played a role in the 
low incidence rate in the DM patients aged ≥65 years. 
Among the elderly populations with DM, the proportion 
of patients who died before RCE development might be 
higher.

We found that female sex showed high incidence of 
RCE and is a significant risk factor in developing RCE 
(table 2). Female predominance is found in several 
reports.32 33 We proposed that hormonal events, such as 
menstruation, pregnancy and menopause, in women are 
aggravating factors in RCE.33 This finding could also be 
explained by the fact that mild trauma such as fingernail 
injury is the most common cause of RCE. Such injury is 
more common in women because a higher proportion of 
them have long fingernails and they have a higher proba-
bility of being scratched by a baby’s finger.

In this cohort study, we assessed several comorbidities 
in DM patients and found that hyperlipidaemia was a 
significant risk factor for RCE in both groups. No study 
has previously shown the relationship between hyperlip-
idaemia and RCE. Several studies showed that hyperlip-
idaemia is linked to corneal lipid deposition including 
corneal arcus, lipid keratopathy and crystalline stromal 
dystrophy.34 35 We postulated this could be due to lipid 
deposition in the cornea of patients with hyperlipidaemia. 
In addition, we attempted to explain that the association 
between hyperlipidaemia and RCE might be related to 
the influence of hyperlipidaemia to corneal nerve fibre 
regeneration.18 Tavakoli et al reported that improve-
ment in dyslipidaemia was associated with regeneration 
of corneal nerve fibres, which was confirmed using in 
vivo corneal confocal microscopy.18 Therefore, patients 
with DM and hyperlipidaemia should be suitably advised 
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about blood lipid control to ameliorate the risk of devel-
oping RCE.

Regarding the comorbidities, keratoconjunctivitis 
sicca was the other significant risk factor of RCE in both 
groups. No study has previously shown the relationship 
between keratoconjunctivitis sicca and RCE. Kerato-
conjunctivitis sicca, a multifactorial condition and a 
complex ocular surface disorder, is characterised by 
inflammation, a loss of homeostasis of the tear film and 
ocular symptoms, including visual disturbance, discom-
fort and foreign body sensation.36 37 A vicious cycle, in 
which inflammation related to hyperosmolar stress is 
caused by lacrimal gland destruction or degeneration, 
corneal sensory nerve damage and tear production 
reduction, that results in ocular surface damage is the 
most important pathophysiology of keratoconjunctivitis 
sicca.38 The common pathophysiological mechanisms 
between keratoconjunctivitis sicca and RCE may reflect 
the linkage of these diseases.

Our study has several strengths. Since our data set 
included a large sample of DM patients, this nationwide, 
population- based study has a high statistical power and 
accuracy of risk appraisal. Furthermore, the chances of 
misdiagnosis and selection bias in referral centres are low 
because patients with visual problems visit ophthalmolo-
gists rather than general practitioners in Taiwan. In addi-
tion, the database is valid because several previous studies 
that used the same database, including our previous 
study, were published.15 16 At last, with a maximum longi-
tudinal data of 10 years, the cohort study monitors RCE 
incidence in the DM and control groups.

This study also has some limitations. We could not 
confirm whether the controls had a DM history before 
January 1996 because the medical histories of the sampled 
patients could only be traced back to 1996. In addition, 
several important confounding factors, including ocular 
blunt trauma, corneal abrasion, postcorneal transplan-
tation, corneal dystrophy and band keratopathy, could 
not be evaluated as to whether these comorbidities were 
significant risk factors of RCE, owing to the low number 
of patients with these potential comorbidities (online 
supplementary table 1S). Finally, we could not assess 
whether the management of blood sugar level influences 
the risk of developing RCE, because the insurance claim 
data did not include information on the current blood 
sugar value or haemoglobin A1C level.

Our study showed that the risk of RCE was significantly 
higher in DM patients than in non- DM ones, and DM 
remained an independent risk factor after adjustment for 
hypertension, hyperlipidaemia, chronic renal disease and 
keratoconjunctivitis sicca in the cohort. Moreover, hyper-
lipidaemia and keratoconjunctivitis sicca were indepen-
dent risk factors for RCE in DM patients after adjusting for 
other confounders. These results indicate that clinicians 
should educate DM patients about RCE to ensure prompt 
and appropriate ophthalmology visits. Close cooperation 
between endocrinologists and ophthalmologists is neces-
sary to manage RCE following diagnosis of DM.
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