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Abstract

There is a globally increasing prevalence and incidence of diabetes mellitus (DM). Pro-

longed hyperglycaemia could lead to both macrovascular damage, such as carotid artery

atherosclerosis, and microvascular damage, such as retinal arteriolar narrowing, and

might contribute to retinal artery occlusion (RAO). Accordingly, it is important to determine

whether DM is a contrubuting factor of RAO. We conducted a retrospective cohort study

that included 241,196 DM patients from the Longitudinal Cohort of Diabetes Patients Data-

base who were recruited between 2003 and 2005. An age- and sex-matched non-DM con-

trol group included the same number of patients who were selected from the Taiwan

Longitudinal Health Insurance Database of 2000. Relevant data of each patient were col-

lected from the index date until December 2013. The incidence and risk of RAO were calcu-

lated and compared between the DM and non-DM groups. The hazard ratio for RAO was

calculated using Cox proportional hazards regression analysis after adjusting for confound-

ers. The cumulative incidence rate of RAO was calculated by Kaplan–Meier analysis. In

total, 317 patients with DM and 144 controls developed RAO during the follow-up period,

leading to an incidence rate of RAO in DM patients that was 2.30 times (95% confidence

interval [CI] = 1.89–2.80) greater than that in controls. After adjustment for potential con-

founders, patients with DM were 2.11 times (95% CI, 1.71–2.59) more likely to develop

RAO in the total study cohort. In conclusion, DM increases the risk of RAO, which is an inter-

disciplinary emergency. Close collaboration between endocrinologists and ophthalmologists

is important in managing RAO following DM.
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Introduction

The increasing prevalence of diabetes mellitus (DM), a group of physiological dysfunctions

characterized by chronically blood glucose elevation related to insulin resistance and inade-

quate insulin or glucagon secretion, is an important public health problem worldwide[1–3].

The public health burden of DM is because DM and its accompanying complications due to

sustained hyperglycaemia are rapidly increasing, resulting in morbidity and mortality world-

wide. These complications are classified as macrovascular complications, including stroke and

ischaemic heart disease, and microvascular complications, including retinopathy, neuropathy,

and nephropathy [4–6]. The eye is one of the principal organs affected by DM, with ocular

complications related to the disease a leading cause of blindness and becoming a general public

health issue [7–9]. While diabetic retinopathy is the most common and well-known microvas-

cular ocular complication, it is not the only ocular retinal complication [10, 11]. Retinal vessel

occlusion is another ocular retinal disorder that is seen in patients with DM because of the

common pathogenic mechanisms.

Retinal artery occlusion (RAO), including various types of central RAO (CRAO) and

branch RAO (BRAO), is one of the leading causes of profound and permanent visual

impairment [12, 13]. Despite the low incidence rate of RAO, CRAO (incidence rate = 1.64 per

100,000 person-years), and BRAO (incidence rate = 4.99 per 100,000 person-years) [14], RAO

is an important emergent ocular problem due to the acute severe loss of vision and subse-

quently increased risk of stroke or acute coronary syndrome [14, 15]. RAO, analogous to

stroke in the brain, is caused by acute occlusion of the retinal artery, which is a branch of the

ophthalmic artery originating from the intracranial branch of the internal carotid artery [12,

13]. The most common pathophysiology of RAO is embolism, which is usually one of three

types (cholesterol, calcific, or platelet-fibrin), that commonly arises from thrombi or ulcerated

atherosclerotic plaques within the carotid arteries or less commonly from cardiac valvular

structures [12, 13]. Additionally, platelet aggregation on carotid atherosclerotic plaques may

release serotonin, which may contribute to occlusion of retinal blood flow and play a role in

RAO development [12, 16]. Furthermore, haemodynamically related retinal ischemia, due to a

dramatic reduction in ocular blood flow, may occur as a result of internal carotid artery steno-

sis or narrowed retinal arterioles [12, 13, 16].

Several reports have shown that DM is an independent risk factor for atherothrombotic

ischaemic heart disease and stroke [17–19] and that the two major pathological processes

occurring in the arterial wall of patients with DM are arterial stiffening and atherosclerotic

change, which could lead to atherothrombotic disorders [20–22]. Atherosclerotic plaques in

the carotid artery are linked to both embolism and serotonin release, which play important

roles in the development of RAO. Song et al. showed that the total plaque area and mean

carotid intima–media thickness are significantly greater in patients with RAO than in the gen-

eral population [23]. In addition, retinal microvascular abnormalities with defective retinal

microcirculation, such as focal or generalized arteriolar narrowing and arteriovenous nicking,

are prominent pathological features and frequently reported in patients with DM [24, 25].

Meanwhile, several studies have shown that focal or generalized arteriolar narrowing and arte-

riovenous nicking are common microvascular retinopathic findings in patients with RAO [13,

26, 27]. In addition to their common pathogenic mechanisms, DM and RAO share some sys-

temic risk factors, including hypertension, hyperlipidaemia, congestive heart failure, coronary

artery disease, and chronic renal disease. Therefore, it is clinically relevant to determine

whether DM is a predictor of RAO. However, no previous studies have investigated this associ-

ation between DM and RAO. Therefore, we used a nationwide population-based dataset to

design a cohort study for evaluating the association between DM and RAO in Taiwan.
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Methods

Database

Taiwan launched a single-payer National Health Insurance (NHI) scheme, which has provided

extensive medical care coverage for all residents in Taiwan since March 1, 1995. As of 2007,

the program enrolled >98% of the total Taiwanese population of 22.96 million (i.e. 22.60 mil-

lion individuals). The data for our cohort study were obtained from the Taiwan National

Health Insurance Research Database (NHIRD), which supplies information regarding patient

sex, date of birth, admission and discharge dates, and enciphered patient identification num-

bers. It also includes the International Classification of Diseases, Ninth Revision, Clinical

Modification (ICD-9-CM), diagnoses and procedure codes, prescriptions details, and costs

covered and paid by NHI. This study was granted exemption from review by the Institutional

Review Board of Chi-Mei Medical Center. The requirement of informed consent was waived

because analysing datasets from a database is devoid of identifiable personal information.

Selection of patients and variables

Two study groups were enrolled in the retrospective cohort study, both recruited during 2003–

2005: a new-onset DM group and a matched non-DM (control) group. In total, 241,196 patients

with DM with the ICD-9-CM code 250 diagnosis made between January 1, 2003 and December

31, 2005 were included. They were selected from the Longitudinal Cohort of Diabetes Patients

database (LHDB), which is a data subset of the NHIRD and consists of a random sample of

120,000 newly diagnosed patients per year from 1996 to 2013 with their complete medical rec-

ords. Patients with unknown sex, missing data, or age<20 years were excluded, as were patients

diagnosed with RAO [ICD-9-CM codes 362. 31 (CRAO) and 362.32 (BRAO)] before DM.

For each patient with DM, one control without DM was randomly selected from the longi-

tudinal Health Insurance Database, 2000 (LHID2000), which is a data subset of the NHIRD

that includes the overall claim data for one million beneficiaries (4.34% of the total population)

randomly selected in 2000. There was no significant difference in age, sex, or healthcare costs

between the sample group and all NHI enrolees. The 241,196 controls were matched with the

patients with DM by sex, age, and index date. The index date for the patients with DM was the

date of their initial diagnosis, while that for the controls was matched with the DM patient’s

index date. Controls diagnosed with DM or RAO before the index date were excluded. Each

patient was followed up to determine the incidence of RAO until the end of 2013 or death,

whichever came earlier.

To distinguish patients who developed RAO after DM, every patient was tracked from his

or her index outpatient visit or hospitalization until December 2013 and their demographic

data were recorded (e.g. age and sex). Furthermore, we collected data for comorbidities,

including hypertension (ICD-9-CM codes 401–405), hyperlipidaemia (ICD-9-CM code 272),

congestive heart failure (ICD-9-CM code 428), coronary artery disease (ICD-9-CM code 410–

414), and chronic renal diseases (ICD-9-CM code 582–588 except 587 and 584), because these

conditions are critical risk factors for RAO [12]. In this study, the inclusion criterion for hyper-

tension, hyperlipidaemia, congestive heart failure, coronary artery disease, and chronic renal

disease was as follows: documentation of the condition at least once in the inpatient setting or

�3 times in the ambulatory setting within 1 year before the index date.

Statistical analysis

SAS 9.4 for Windows (SAS Institute, Inc., Cary, NC, USA) was used for statistical analyses.

Pearson’s chi-square tests were used to compare the demographic characteristics and
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comorbidities between the DM and control groups. The incidence of RAO was calculated as

the number of RAO patients identified during the follow-up period divided by the total num-

ber of person-years (PY) for each group by age, sex, and selected comorbidities. The incidence

rate ratio (IRR), which represented a comparison of the RAO risk between the DM and control

groups, was calculated by Poisson regression analysis. Kaplan-Meier analyses were performed

to calculate the cumulative incidence rates for RAO, and log-rank tests were used to analyse

the differences in the cumulative incidence rate curves. Cox proportional hazards regression

was used to calculate the adjusted hazard ratios (HRs) for developing RAO. The data are pre-

sented as means [standard deviations (SDs)], and 95% confidence intervals (CIs) are provided

where applicable. Kaplan-Meier curves were generated using STATA (version 12; Stata Corp.

College Station, TX). Statistical significance was defined as P< 0.05.

Results

Demographic data

Between 2003 and 2005, 241,196 DM patients and 241,196 controls were recruited after

excluding ineligible subjects. Table 1 provides the demographic data for the patients with DM

and the age- and sex-matched controls. Data for the evaluated comorbidities are also presented

in Table 1. The mean age of the DM and control patients was 55.06 (SD, 14.86) years. Of the

241,196 DM patients, 134,213 (55.64%) were men and 106,983 (44.36%) were women, with

91,921 (38.11%) aged 20–50 years, 86,120 (35.71%) 50–64 years, and 63,155 (26.18%)�65

years. Regarding the comorbidities, including hypertension, hyperlipidaemia, congestive heart

failure, coronary artery disease, and chronic renal disease, the DM group exhibited a signifi-

cantly higher prevalence compared with the control group.

Incidence rates for RAO

During the follow-up period, 461 (461/482,392, 0.095%) patients developed RAO, with the

proportion being significantly higher in the DM group (317/241,196, 0.13%) than in the

Table 1. Demographic characteristics and co-morbid disorders in the diabetes mellitus and control groups.

Diabetes Mellitus (N = 241,196) Control (N = 241,196)

n (%) n (%) P-value

Age (years), mean ± SD 55.06 ± 14.86 55.06 ± 14.86 1.0000

Age (years)

20–50 91,921 (38.11) 91,921 (38.11) 1.0000

50–64 86,120 (35.71) 86,120 (35.71)

�65 63,155 (26.18) 63,155 (26.18)

Gender

Male 134,213 (55.64) 134,213 (55.64)

Female 106,983 (44.36) 106,983 (44.36) 1.0000

Baseline comorbidities

Hypertension 74,645 (30.95) 26,280 (10.90) <0.0001

Hyperlipidaemia 25,108 (10.41) 6,026 (2.50) <0.0001

Congestive heart failure 6,521 (2.70) 1,846 (0.77) <0.0001

Coronary heart disease 21,612 (8.96) 7,709 (3.20) <0.0001

Chronic renal disease 6,021 (2.50) 2,213 (0.92) <0.0001

Note: The demographic characteristics and comorbid disorders in the diabetes mellitus and control groups were compared using Pearson chi-square tests.

https://doi.org/10.1371/journal.pone.0201627.t001
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control group (144/241,196, 0.059%; Table 2). In addition, there was a significant difference in

the RAO incidence rate (DM, 1.49/10000 PY; control, 0.65/10000 PY) and IRR (2.30, 95%

CI = 1.89–2.80, P < 0.0001; Table 2) between the two groups.

Next, we classified RAO into CRAO and BRAO. The majority of RAO cases in both groups

were CRAO, including 188 of 317 (59.31%) and 86 of 144 (59.72%) patients with CRAO in the

DM and control groups, respectively. There was a significant difference in the CRAO inci-

dence (DM, 0.89/10000 PY; control, 0.39/10000 PY) and IRR (2.28; 95% CI = 1.77–2.95;

P< 0.0001; Table 2) between the two groups. Regarding BRAO, there were 129 patients

(40.69%) in the DM group and 58 (40.28%) in the control group (2.32; 95% CI = 1.70–3.17;

P< 0.0001; Table 2).

Concerning the three age groups, patients with DM aged�65 years exhibited the highest

incidence of RAO (2.46/10000 PY), followed by those aged 50–64 years (1.67/1000 PY) and

20–50 years (0.76/1000 PY). The IRR values were significantly higher for the three DM age

groups than for controls within the same age ranges (Table 2). In particular, the incidence was

4.14 times higher in patients with DM aged 20–50 years than in controls of the same age

(IRR = 4.14; 95% CI = 2.40–7.15; P< 0.0001).

The incidence rate of RAO was 1.81/10000 PY for the male patients with DM and 0.73/

10000 PY for the male controls (IRR = 2.50; 95% CI = 1.95–3.20; P< 0.0001). A significant dif-

ference was also observed between the female patients with DM and controls (IRR = 1.99; 95%

CI = 1.44–2.76; P < 0.0001; Table 2).

In the DM group, the incidence rates of RAO, from the highest to the lowest, were in the

order of patients with chronic renal disease (3.31/10000 PY), coronary artery disease (2.88/

10000 PY), congestive heart failure (2.77/10000 PY), hyperlipidaemia (1.92/10000 PY), and

Table 2. Risk of retinal artery occlusion (RAO) in the diabetes mellitus and control groups.

Diabetes Mellitus Control Incidence Rate Ratio

(95% CI)

P-value

N RAO Person-years Rate� N RAO Peason-years Rate�

All 241,196 317 2,123,243.1 1.49 241,196 144 2,218,269.0 0.65 2.30 (1.89–2.80) <0.0001

Central retinal artery

occlusion

188

(59.31)

2,123,853.1 0.89 86

(59.72)

2,218,475.7 0.39 2.28 (1.77–2.95) <0.0001

Branch retinal artery

occlusion

129

(40.69)

2,124,114.9 0.61 58

(40.28)

2,218,675.3 0.26 2.32 (1.70–3.17) <0.0001

Age (years)

20–50 91,921 65 850,509.0 0.76 91,921 16 866,779.6 0.18 4.14 (2.40–7.15) <0.0001

50–64 86,120 130 777,200.9 1.67 86,120 53 795,910.3 0.67 2.51 (1.83–3.46) <0.0001

�65 63,155 122 495,533.2 2.46 63155 75 555,579.1 1.35 1.82 (1.37–2.43) <0.0001

Sex

Male 134,213 211 1,163,244.6 1.81 134,213 89 1,227,415.2 0.73 2.50 (1.95–3.20) <0.0001

Female 106,983 106 959,998.5 1.10 106,983 55 990,853.8 0.56 1.99 (1.44–2.76) <0.0001

Baseline comorbidities

Hypertension 74,645 121 632,136.4 1.91 26,280 44 228,286.7 1.93 0.99 (0.70–1.40) 0.9687

Hyperlipidaemia 25,108 43 223,928.2 1.92 6,026 12 53,959.4 2.22 0.86 (0.46–1.64) 0.6530

Congestive heart failure 6,521 13 46,976.9 2.77 1,846 0 14,503.2 - - -

Coronary heart disease 21,612 51 177,116.9 2.88 7,709 10 66,115.8 1.51 1.90 (0.97–3.75) 0.0627

Chronic renal disease 6,021 14 42,292.4 3.31 2,213 3 16,920.9 1.77 1.87 (0.54–6.50) 0.3264

Note: A Poisson regression analysis was performed to calculate the incidence rate ratio.

�Rate: per 10,000 person-years.

https://doi.org/10.1371/journal.pone.0201627.t002
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hypertension (1.91/10000 PY). The IRR for RAO in patients with DM with these comorbidities

did not indicate a significantly greater risk compared with their controls.

Table 3 provides the crude and adjusted HRs for RAO during the follow-up period. After

adjusting for age, sex, and the selected comorbidities, DM remained an independent risk factor

for RAO (adjusted HR = 2.11; 95% CI = 1.71–2.59). Significant risk factors for RAO in both

groups included an age of 50–64 years (adjusted HR = 2.40; 95% CI = 1.84–3.12; P < 0.05), age

�65 years (adjusted HR = 3.59; 95% CI, 2.74–4.71; P< 0.05), male gender (adjusted HR, 1.59;

95% CI = 1.31–1.93; P < 0.05), and hypertension (adjusted HR, 1.24; 95% CI = 1.00–1.55;

P< 0.05). Hyperlipidaemia, congestive heart failure, coronary artery disease, and chronic

renal disease were not independent risk factors for RAO. Kaplan–Meier analyses revealed

higher cumulative incidence rates of RAO in the DM group than in the control group; the

findings of the log-rank tests were also significant (P < 0.0001; Fig 1).

Discussion

Following a thorough review of the relevant literature, we found that no large-scale popula-

tion-based study has been conducted to explore the relationship between DM and subsequent

Table 3. Crude and adjusted hazard ratios and 95% confidence interval (CI) calculated using the Cox propor-

tional hazard regression for retinal artery occlusion during the follow-up period for the study cohort.

Crude hazard ratio (95% CI) Adjusted hazard ratio (95% CI)

Diabetes mellitus

Yes 2.30 (1.89–2.80)� 2.11 (1.71–2.59)�

No 1.00 1.00.

Age (years)

20–50 1.00 1.00

50–64 2.47 (1.90–3.20)� 2.40 (1.84–3.12)�

�65 3.96 (3.06–5.13)� 3.59 (2.74–4.71)�

Sex

Male 1.52 (1.25–1.84)� 1.59 (1.31–1.93)�

Female 1.00 1.00

Baseline comorbidities

Hypertension

Yes 2.25 (1.86–2.73)� 1.24 (1.00–1.55)�

No 1.00 1.00

Hyperlipidaemia

Yes 1.98 (1.50–2.63)� 1.26 (0.94–1.70)

No 1.00 1.00

Congestive heart failure

Yes 2.01 (1.16–3.49)� 0.89 (0.50–1.57)

No 1.00 1.00

Coronary heart disease

Yes 2.56 (1.96–3.36)� 1.34 (0.99–1.79)

No 1.00 1.00

Chronic renal disease

Yes 2.75 (1.69–4.46)� 1.52 (0.93–2.50)

No 1.00 1.00

Note: The adjusted hazard ratio for developing retinal artery occlusion was calculated using the Cox proportional

hazard regression analysis.

�p-value<0.05.

https://doi.org/10.1371/journal.pone.0201627.t003
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RAO. We analysed 241,196 patients with DM and 241,196 age- and sex-matched control sub-

jects to examine this association. The study results indicated a significantly increased risk of

RAO in patients with DM compared with controls and that DM was still an independent risk

factor for RAO in the total sample after accounting for age, sex, and comorbidities including

hypertension, hyperlipidaemia, congestive heart failure, coronary artery disease, and chronic

renal disease.

To our knowledge, no study has previously shown an association between RAO and DM or

investigated the pathophysiological association between these two conditions. Several common

pathogenic mechanisms of RAO and DM, including macrovascular change, such as arterial

stiffening and atherosclerosis change, and microvascular change, such as arterial stiffening and

atherosclerotic change, will be discussed separately below.

The most well-known pathogenic mechanism common to both DM and RAO is macrovas-

cular change, including arterial stiffening and atherosclerotic change. Many studies have dem-

onstrated that DM strongly predisposes individuals to atherothrombotic cardiovascular

disease [5, 17, 19]. The two major pathological changes in the arterial wall, arterial stiffening

and susceptibility to atherosclerosis, may provide a functional and structural background for

macrovascular disease. The aetiologies of arterial wall change in patients with DM are multi-

factorial and include many important factors. These include chronic hyperglycaemia, which

can provoke structural and functional changes in the vascular wall by various mechanisms

such as deterioration of antioxidant defence mechanisms [28, 29], overexpression of advanced

glycation end-products, and enhancement of collagen cross-linking [30]; and insulin resis-

tance, which is linked to increased oxidative stress [31–34], impairment of endothelial function

impairment [31–33], and induction of low-grade inflammation [31, 32]. The presence of

Fig 1. Cumulative incidence of retinal artery occlusion (RAO) in patients with diabetes mellitus (DM) and

controls during the follow-up period.

https://doi.org/10.1371/journal.pone.0201627.g001
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vascular biomarkers such as endothelial dysfunction, increased carotid intima-media thick-

ness, plaque formation, and arterial stiffness, which are all associated with subclinical struc-

tural or functional impairment of the vascular wall [35]; and other DM-associated metabolic

and systemic dysfunctions such as hypertension, hyperlipidaemia, and metabolic syndromes,

which are linked to atherosclerosis, arterial stiffening, or both are also included. Meanwhile,

the total plaque area and the mean carotid intima–media thickness were found to be higher

not only in patients with DM but also in patients with RAO [17, 23]. Once arterial stiffening

and susceptibility to atherosclerosis develops, emboli may form thrombi or ulcerated athero-

sclerotic plaques in the atherosclerosed carotid artery and contribute to the development of

RAO because the retinal artery originates from the ophthalmic artery, which is the first intra-

cranial branch of the internal carotid artery [12]. In addition, serotonin, which is released after

platelet aggregation on atherosclerotic plaques in the carotid artery, may induce retinal artery

vasospasm and retinal blood flow occlusion and participate in the pathophysiology of RAO

[12, 16].

Another pathogenic mechanism common to both RAO and DM is microvascular retinopa-

thy including narrower retinal arterioles. The retina, which requires copious oxygen to func-

tion, receives oxygen-rich blood from the ophthalmic artery and divides into a microvascular

meshwork of arterioles. Persistent blood sugar elevation leads to biochemical changes over the

microvascular meshwork resulting in basement membrane thickening and increased collagen

deposition in the arterioles [36]. Several studies have suggested that microvascular retinopathy,

including narrower retinal arterioles and arteriovenous nicking, is reflected by microvascular

changes associated with not only hypertension, but also diabetes [25, 37, 38]. There have been

several studies in patients with DM that have shown the association between narrower retinal

arterioles and a higher risk of the incidence of diabetic retinopathy, stroke, and stroke-related

mortality [24, 25, 39, 40]. Yang et al. showed that the presence of narrower retinal arterioles is

significantly associated with increased intima-media thickness of the common carotid artery

[41]. Furthermore, microvascular retinopathy is a common manifestation in both patients

with DM and RAO. Although microvascular retinopathy is not the leading cause of RAO,

microvascular retinopathy, including narrower retinal arterioles and arteriovenous nicking,

may reflect generalized microvascular disease caused by vascular endothelial dysfunction [13,

26, 27], increase the susceptibility of the retinal vessels to occlusion, haemodynamically reduce

ocular blood flow, and participate in RAO development.

The eldest group, aged�65 years, exhibited the highest incidence of RAO in both the DM

and control groups (Table 2), and old age remained an important independent risk factor after

adjusting for other confounding factors in the both groups (Table 3). Because atherosclerosis

change in the macrovascular and microvascular environment is a chronic and continuous pro-

cess, the age-dependent incidence rate trend was plausible and that the oldest population

group had the highest incidence rate would be logical when considering the development of

RAO.

We found that male sex is a significant risk factor in developing RAO after accounting for

age and comorbidities in both groups (Table 3). This finding may be due to typical lifestyle dif-

ferences between men and women. A higher proportion of men could live with high-risk life-

style factors, such as smoking or alcohol consumption, which could not be adjusted in the

NHIRD dataset and are well-known risk factors for atherosclerosis, the leading cause of RAO.

Some studies have reported that several comorbidities, such as hypertension, hyperlipidae-

mia, congestive heart failure, coronary artery disease, and chronic renal failure, are associated

with RAO, a vision-threatening retinal vascular disease [12, 42–44]. In this cohort study, we

evaluated these comorbidities in patients with DM and found that hypertension was the only

significant risk factor for RAO in both groups. This finding is agreement with those in several
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previous reports showing hypertension to be a major risk factor for RAO [12, 44, 45]. Several

studies disclosed that hypertension is linked to atherosclerosis, arteriosclerosis, retinal vessel

wall damage, and thromboembolism, all of which result in the development of RAO [12, 44,

45]. Therefore, patients with DM and hypertension should be suitably advised about blood

pressure control to ameliorate the risk of developing RAO.

RAO in DM is an interdisciplinary emergency and close collaboration between endocrinol-

ogists and ophthalmologists is necessary and important. Endocrinologists should be aware of

the severe visual impairment that can be caused by RAO, which typically presents as sudden

and painless monocular visual loss in patients with DM. The most important concerns for the

ophthalmologist are distinguishing RAO from other causes of occlusive retinal vessel disease

such as central retinal vein occlusion or branch retinal vein occlusion, and other causes of sud-

den, painless loss of vision such as ischaemic optic neuropathy, diabetic macular oedema, or

vitreous haemorrhage. Although multiple therapies have been attempted, there is no well-

established treatment guideline for RAO [46]. The multiple potential therapies for RAO

include the use of ocular massage, which can manually dislodge emboli [47], carbogen or sub-

lingual isosorbide dinitrate, which can dilate retinal vessels. The also include hyperbaric oxy-

gen or hyperventilation, which could increase blood oxygen content [48]; intravenous

acetazolamide or mannitol, topical intraocular pressure lowering agents or anterior paracent-

esis, which could increase the perfusion pressure gradient by reducing intraocular pressure

[49]; and systemic aspirin or pentoxifylline, intravenous platelet inhibitor, or intra-arterial

recombinant tissue plasminogen activator, which could contribute to thrombolysis [50].

When managing RAO in patients with DM, close cooperation between endocrinologists and

ophthalmologists is important and reduces the risk of visual impairment.

Our study has several strengths. First, the nationwide, population-based study including a

large sample of DM patients increases the statistical power and elevates the precision of the

risk appraisal. Second, the selection bias in referral centres and chances of misdiagnosis are

low because patients with visual disturbances visit ophthalmologists rather than general

practitioners in Taiwan. Finally, our results are reliable because our study is a cohort study

with longitudinal data obtained over the course of 10 years regarding RAO incidence and

hypertension, hyperlipidaemia, congested heart failure, coronary artery disease, and chronic

renal disease were considered as confounding factors when adjusting the HR for RAO in

patients with DM.

This study also has some limitations. We cannot confirm if the controls had a history of

ESRD before January 1996, because the sampled patients’ medical histories can only be traced

back to the year 1996. In addition, several important confounding factors, including alcohol

consumption, smoking history, and body mass index, could not be assessed. Furthermore, we

could not obtain the current blood pressure and serum cholesterol levels, which may have

introduced some bias. To decrease the effects of this problem, we included hypertension and

hyperlipidaemia as confounding factors. Additionally, the diagnosis of DM, RAO, and other

comorbidities relied on ICD-9-codes, which may have led to misclassification. Finally, the

insurance claims data did not include information on the current blood sugar value or haemo-

globin A1C level, therefore we could not evaluate whether control of blood sugar levels influ-

ences the risk of developing RAO.

In summary, our study showed that the risk of RAO was significantly higher in patients

with DM than in those without, and DM remained an independent risk factor after adjusting

for hypertension, hyperlipidaemia, congestive heart failure, coronary artery disease, and

chronic renal disease in the cohort. The association between DM and RAO is based on macro-

vascular changes, such as carotid artery atherosclerosis, which is associated with embolism for-

mation, and microvascular changes, such as retinal arteriolar narrowing, which make the

Risk of retinal artery occlusion in patients with diabetes mellitus

PLOS ONE | https://doi.org/10.1371/journal.pone.0201627 August 9, 2018 9 / 13

https://doi.org/10.1371/journal.pone.0201627


retinal vessels vulnerable to occlusion and contribute to RAO formation [13, 26, 27]. These

results suggest that clinicians should educate patients with DM about RAO in addition to

ensuring appropriate control of blood sugar levels. Close cooperation between endocrinolo-

gists and ophthalmologists is necessary to manage RAO following DM and prevent further

visual impairment.
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