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Incidence and Risk Factors for Blindness in
Adults With Diabetes: The Israeli National

Diabetes Registry (INDR)
MIRI LUTSKI, TAMY SHOHAT, NISIM MERY, AND INBAR ZUCKER
� PURPOSE: To estimate the 3-year incidence of blind-
ness among diabetes patients aged ‡18 years; to compare
blindness incidence rates of persons with and without
diabetes; and to investigate risk factors associated with
diabetic retinopathy (DR), age-related macular degenera-
tion (ARMD), glaucoma, and cataract-related blindness.
� DESIGN: Cohort study.
� METHODS: The Israeli National Diabetes Registry for
2012 was cross-linked with the database of blindness cer-
tifications obtained from the National Registry of the
Blind. Blindness was defined as the receipt of an official
certificate of blindness (a visual acuity of 3/60 or worse,
or a visual field loss of <20 degrees in the better eye.)
Incidence rates of blindness, overall and by main cause
of blindness, were calculated for the years 2013-2015.
Standardized morbidity ratios (SMRs) for 2013 were
calculated, using the nondiabetic population as a refer-
ence. A multinomial logistic model was used to identify
covariates associated with the incidence of blindness by
main cause of blindness.
� RESULTS: The 3-year incidence rates were 31.0 and
8.4 per 10 000 for overall and DR-related blindness,
respectively. The SMR for overall blindness in people
with diabetes was significantly higher than in the general
nondiabetic population (1.39; 95% confidence interval:
1.27–1.53); however, the SMRs for ARMD, glaucoma,
and cataract were not statistically significant. Poor meta-
bolic control, insulin treatment, long diabetes duration,
and chronic kidney disease were associated with
DR-related blindness. Low socioeconomic status (SES)
was associated with both cataract and DR-related
blindness.
� CONCLUSIONS: Optimummetabolic control of diabetes
is important for prevention of DR-related blindness. SES-
related disparities in blindness risk should be explored and
reduced by directing efforts to provide appropriate
treatment for all diabetic patients in order to prevent
unnecessary blindness. (Am J Ophthalmol 2019;200:
57–64. � 2018 Published by Elsevier Inc.)
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IABETIC RETINOPATHY (DR) IS A WELL-KNOWN

specific microvascular complication of diabetes,
and is the leading cause of preventable blindness

before the age of 74 years.1,2 The prevalence of DR among
people with diabetes was reported to range from 10% to
over 90%, depending on the population, the methods
used to screen for DR, the type, and the duration of
diabetes.3,4 According to the World Health Organization
(WHO), 75% of patients with a 20-year history of diabetes
have some degree of retinopathy.5 However, in developed
countries the annual incidence of diabetic blindness can
be reduced to 1% or less.6 Some ocular conditions such as
cataract and glaucoma were also found to be associated
with hyperglycemia and diabetes, whereas a higher risk of
age-related macular degeneration (ARMD) was not consis-
tently found to be associated with diabetes.7,8

Compared to the overall population, individuals with
diabetes are at an increased risk of blindness.7 With the
continuous increase of life expectancy among patients
with diabetes, the number of individuals with diabetes-
related visual impairments and blindness is also expected
to increase.9 Therefore, detecting risk factors for diabetes-
related blindness is of high importance. Few studies so far
have explored the associations between various risk factors
and blindness among diabetic patients.10,11

The objectives of the present study were as follows: (1) to
estimate the 3-year incidence of blindness among patients
with diabetes aged 18 and above, overall and by main cause
of blindness; (2) to compare blindness incidence rates of
persons with and without diabetes; and (3) to investigate
risk factors associated with the incidence of DR, ARMD,
glaucoma and cataract-related blindness among patients
with diabetes aged 18 and above, using data from the
National Registry of the Blind and the Israeli National
Diabetes Registry (INDR).
METHODS

� SUBJECTS AND STUDY DESIGN: The INDR was estab-
lished in 2012 and is managed by the Israel Center for
Disease Control. The INDR receives an annual dataset of
prevalent cases of diabetes from each of the 4 health
maintenance organizations (HMOs) that provide medical
services to all Israeli permanent residents (except military
57Y ELSEVIER INC.
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personnel and prisoners). The dataset reported to the INDR
includes individual coded de-identified data on HMOmem-
bers who met 1 of the following criteria in the previous year:
(1) a single test of glycated hemoglobin (HbA1c) greater
than or equal to 6.5%; (2) serum glucose concentrations of
200 mg/dL or higher in 2 tests performed at least 1 month
apart; (3) at least 3 purchases of hypoglycemic medications
(including insulin) in different months. The INDR does not
have information about diabetes type. The INDR dataset for
2012 was cross-linked with the database of blindness certifi-
cations obtained from the National Registry of the Blind.
All diabetic patients with certified blindness obtained before
2013 were excluded. Owing to the fact that diabetes-
induced blindness in persons below age 18 is almost nonex-
istent, we excluded patients below the age of 18.

The study was approved by the Sheba Medical Center
Ethics Committee. As the data were obtained from govern-
ment computerized registers that serve regulatory purposes,
an individual consent form was not required.

� DATA COLLECTION: Demographic data available for all
participants included age, sex, and socioeconomic status
(SES). SES was determined according to the poverty index
of the area of residence defined by the Israeli Bureau of Sta-
tistics from the 2008 national census data collection. The
poverty index, ranging from 1 (lowest) to 10 (highest), is
based on several parameters, including household income,
educational qualifications, crowding, material conditions,
and car ownership.12 Participants were classified into 3 cate-
gories of SES: low (1-3), intermediate (4-7), and high (8-10).

Clinical parameters included duration of diabetes, insu-
lin treatment, smoking status, body mass index (BMI),
prevalence of chronic kidney disease (CKD), levels of
HbA1c, low-density lipoprotein cholesterol (LDL-C) and
high-density lipoprotein cholesterol (HDL-C). Duration
of diabetes was defined according to the year the partici-
pant started to purchase hypoglycemic medication and
was classified into 2 categories of <_10 or >10 years. BMI
was calculated as weight in kilograms divided by the square
of height in meters. Obesity was defined as BMI >_ 30 kg/m2.
Poor glucose control was defined as HbA1c <7%. Poor
LDL-C control was defined as LDL-C level >_100 mg/dL
and poor HDL-C control was defined as HDL-C levels
<_40 mg/dL for men and <_50 mg/dL for women. CKD was
defined in accordance with the National Kidney Founda-
tion definition as an estimated glomerular filtration rate
of less than 60 mL/min/1.73 m2 of body-surface area,
estimated using the Modification of Diet in Renal Disease
formula.13 Smoking was determined on the basis of self-
reported data obtained by the HMO.

� INFORMATIONONBLINDNESS: TheNational Registry of
the Blind is managed by the Ministry of Social Affairs since
1987. Blindness is defined in Israel as best-corrected visual
acuity of less than 1/60 or central visual field not
more than 10 degrees in the less impaired eye. Severe visual
58 AMERICAN JOURNAL OF
impairment is defined as visual acuity of less than 3/60 but of
1/60 or better, or a corresponding visual field of less than
10-19 degrees in the less impaired eye. Legal blindness
encompasses both blindness and severe visual impairment.14

The certification process includes a thorough assessment by a
senior ophthalmologist who determines the cause for the
visual loss.15 If 2 or more causes of blindness were present,
the disease with the most significant and irreversible pathol-
ogy was assigned as the main cause of blindness. It can be
assumed that the vast majority of blind individuals in Israel
are diagnosed and registered, thanks to the universal free ac-
cess to widely available healthcare in Israel, including all
ophthalmologic services,15 and the considerable advantages
conferred by their registration. Incident blindness for this
study was defined as the receipt of an official certificate of
blindness by the National Registry of the Blind between
January 1, 2013, andDecember 31, 2015. In addition to over-
all blindness, we examined the incident blindness by main
causes including ocular DR, glaucoma, cataract, ARMD,
and other causes, which included retinitis pigmentosa, optic
atrophy,myopicmaculopathy, problemswith retina, vitreous
hemorrhage, retinitis, and other ocular neuropathies.

� DATA ANALYSIS: The rates of incident blindness certifi-
cations overall and by main cause, per 10 000 adults with
diabetes, were calculated for the years 2013-2015. Confi-
dence intervals (95% CI) were estimated using Wilson’s
approximation. The rates were calculated for the overall
diabetic population and stratified by age and sex. Expected
blindness cases in 2013 were calculated by age groups, and
standardized morbidity ratios (SMRs) were calculated,
using as a reference the nondiabetic Israeli general popula-
tion for the same year. Poisson approximation was used to
calculate the 95%CIs for SMRs.16 Comparison of variables
between causes of blindness groups was performed using
Kruskal-Wallis test and x2 test for continuous and categor-
ical variables, respectively. A multinomial logistic model
was used to identify covariates associated with blindness
related to ARMD, DR, glaucoma,a and cataract among dia-
betic patients. The categories of the outcome variable were
ARMD, DR, glaucoma, cataract, and no blindness as refer-
ence category. All analyses were performed using a 95%CI.
Covariates for which there was evidence of a univariate
association with the outcome (P < .2) were retained in
the multivariate model. Goodness of fit in the final model
was checked using minus 2 log-likelihood ratios. Statistical
analysis was performed using SAS Enterprise Guide 7.12
(SAS Institute Inc, Cary, North Carolina, USA).
RESULTS

THERE WERE 458 728 PATIENTS AGED 18 AND ABOVE REGIS-

tered in the INDR in 2012; 6541 of these were identified
with prevalent blindness and excluded (Figure). During
APRIL 2019OPHTHALMOLOGY



FIGURE. Study flowchart.

TABLE 1. Clinical and Demographic Characteristics of
Patients Aged 18 and Above With Diabetes: Israel National

Diabetes Registry (INDR), 2012

Characteristic Total (N ¼ 452 187)

Age (y), mean 6 SD 64.9 6 13.0

Sex

Male 224 690 (49.7)

Female 227 497 (50.3)

Smoking

Yes 65 708 (15.0)

No 373 926 (85.0)

Obesity

BMI >_ 30 kg/m2 188 090 (47.1)

BMI < 30 kg/m2 211 337 (52.9)

Glucose control

HbA1c <_ 7% 214 477 (52.3)

HbA1c > 7% 195 788 (47.7)

LDL-C control

<_100 mg/dL 262 114 (65.0)

>100 mg/dL 140 903 (35.0)

HDL-C controla

Yes 192 439 (46.3)

No 223 409 (53.7)

Diabetes duration (years)

>10 116 307 (27.2)

<_10 310 914 (72.8)

Insulin treatment

Yes 86 032 (19.0)

No 366 155 (81.0)

CKD

Yes 76 371 (18.2)

No 342 186 (81.8)

SESb

Low 65 076 (14.5)

Intermediate 320 432 (71.3)

High 63 899 (14.2)

BMI ¼ body mass index; CKD ¼ chronic kidney disease;

HbA1c ¼ glycated hemoglobin (A1c); HDL-C¼ high-density

lipoprotein cholesterol; LDL-C ¼ low-density lipoprotein

cholesterol; SES ¼ socioeconomic status.

Data are number (%) of cases, unless otherwise indicated.
a>40 mg/dL for men, >50 mg/dL for women.
bSES was determined according to the poverty index of the

census enumeration area as defined by the Israeli Bureau of Sta-

tistics for the 2008 national census (low¼ 1-3; intermediate¼ 4-7;

high ¼ 8-10).
the period between January 1, 2013, and December 31,
2015, 1401 new blindness certificate recipients were
registered, of whom 49.0% (n ¼ 687) were male; mean
age was 71.6 6 11.9 years and 72.7 6 11.7 years for
male and female patients, respectively. Clinical and de-
mographic characteristics of patients aged 18 and above
with diabetes are shown in Table 1. In brief, the mean
age was 64.9 6 13.0 years. With regard to metabolic
control, 52.3% had HbA1c <_7% and 65.0% had LDL
levels <_100 mg/dL. A total of 14.5% of the participants
were classified as low SES, 71.3% intermediate SES,
and 14.2% high SES.

The mean annual incidence rates for overall, ARMD,
DR, glaucoma and cataract-related blindness per 10 000
adults with diabetes were 10.3, 3.2, 2.8, 1.4, and 0.5, respec-
tively (Table 2). Incidence increased gradually with age;
notably, the incidence rate in the oldest age group was 4
times higher than in the youngest age group. ARMD was
the most frequent cause of incident blindness in those
aged 75þ (51%) and DR was the main cause in patients
aged 55-64 (53.1%) (Table 2).

The SMR for overall blindness in people with diabetes
was significantly higher than in the general nondiabetic
population (1.39; 95% CI: 1.27–1.53); however, the
SMRs for ARMD, glaucoma, and cataract were not signif-
icantly different.

Table 3 summarizes the participants’ clinical and demo-
graphic characteristics stratified by cause of blindness.
Patients with blindness attributable to DR were younger
(67.7 6 10.8 years) than patients with blindness attribut-
able to cataract (71.8 6 10.6 years), ARMD (79.9 6 7.0
years), and glaucoma (75.3 6 10.5 years); and were more
likely to have diabetes duration longer than 10 years, to
use insulin, to have CKD, and to have poor glucose and
poor HDL control. Diabetic patients with blindness owing
to DR or cataract were more likely to live in low-SES areas
compared to patients with blindness owing to other causes.
Patients with blindness owing to glaucoma and cataract
were less likely than patients with blindness owing to other
causes to be obese.
VOL. 200 BLINDNESS IN ADULT
Table 4 presents the associations of various demographic
and clinical characteristics with the incidence of ARMD,
DR, glaucoma, and cataract-related blindness. DR-related
blindness was associated with age group 55-64 years (odds
ratio [OR] ¼ 1.80, 95% CI: 1.26–2.56), poor glucose con-
trol (OR ¼ 2.14, 95% CI: 1.56–2.92), poor LDL control
(OR ¼ 1.41, 95% CI: 1.12–1.77), insulin treatment
(OR ¼ 5.69, 95% CI: 4.30–7.54), long diabetes duration
(OR ¼ 1.93, 95% CI: 1.50–2.48), CKD (OR ¼ 3.15,
59S WITH DIABETES
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95% CI: 2.46–4.03), and low and intermediate SES
(OR ¼ 3.78, 95% CI: 2.37–6.04 and OR ¼ 1.86, 95%
CI: 1.20–2.89, respectively). No significant association
was found with sex, poor HDL control, or smoking. Besides
age, ARMD-related blindness was only associated with
current smoking (OR ¼ 1.79, 95% CI: 1.28–2.50).
Cataract-related blindness was significantly associated
with low SES (OR ¼ 7.84, 95% CI: 2.26–27.21) and an
association of borderline significance was found with dia-
betes duration (OR ¼ 1.65, 95% CI: 0.93–2.92).
Glaucoma-related blindness was inversely associated with
female sex (OR¼ 0.48, 95%CI: 0.34–0.67); no association
was found between metabolic control characteristics and
glaucoma-related blindness.
DISCUSSION

TOOURKNOWLEDGE, THIS IS THE FIRST STUDY IN ISRAEL TO

describe national rates of registered blindness among pa-
tients with diabetes and to assess risk factors for blindness
attributable to DR and other ocular conditions in adults
with diabetes.
In this study the overall incidence rate of blindness

among people with diabetes aged 18 years and above was
low and similar to data published in other reports from
high-income countries.17–19 Compared to the general
nondiabetic population, individuals with diabetes in our
study were at a 40% increased risk of blindness. The
mean annual incidence rates were 10.3 and 2.8 per 10
000 persons for overall and DR-related blindness, respec-
tively. In comparison, in a study conducted in England in
2013, the incidence of blindness certification in the dia-
betic population aged 16 years and above was estimated
at 12.1 per 10 000 persons.18 In Ireland, the incidence of
blindness attributable to DR in 2013 was 1.5 per 10 000
(95% CI 0.8–2.5) adults with diabetes aged 18-69 years.20

Comparisons of blindness incidence rates between
studies are difficult. First, few countries maintain nation-
wide blindness registries and these registries differ in their
definitions for blindness. The definition of blindness in
Israel is less strict than that of the WHO (visual acuity
<3/60).14 In general, definitions of blindness in Israel are
more comparable with those of Western Europe.18 Sec-
ondly, most registries have not estimated overall blindness
rates specifically among patients with diabetes.21–23 Lastly,
in some of the studies age ranges were limited to the
working-age population.20,23

Population-based studies carried out during the past 20
years have revealed that cataract, glaucoma, macular
degeneration, uncorrected refractive error, and diabetic
retinopathy are the most common causes of blindness and
vision impairment worldwide.24 There was a decline in
the incidence of blindness from all treatable or potentially
preventable causes, such as glaucoma, diabetic retinopathy,
APRIL 2019OPHTHALMOLOGY



TABLE 3. Clinical and Demographic Characteristics of Blind Patients With Diabetes Stratified by Cause of Blindness

ARMD (N ¼ 438) DR (N ¼ 382) Glaucoma (N ¼ 186) Cataract (N ¼ 66) Othera (N ¼ 329) P Value

Age (y), mean 6 SD 79.9 6 7.0 67.7 6 10.8 75.3 6 10.5 71.8 6 10.6 68.8 6 12.4 <.001

Sex

Male 192 (43.8) 176 (46.1) 114 (61.3) 33 (50.0) 172 (52.3) <.001

Female 246 (56.2) 206 (53.9) 72 (38.7) 33 (50.0) 157 (47.7)

Smoking

Yes 51 (11.9) 44 (11.7) 19 (10.4) 9 (13.9) 41 (12.9) .921

Obesity

BMI >_30 kg/m2 160 (40.2) 166 (46.5) 51 (30.5) 19 (31.7) 132 (44.4) <.001

Glucose control

HbA1c <_7% 235 (57.9) 58 (16.3) 94 (57.7) 29 (49.2) 141 (45.8) <.001

LDL-C control

<_100Lmg/dl 289 (71.4) 206 (61.7) 111 (66.1) 44 (73.3) 193 (65.7) .058

HDL-C controlb

Yes 216 (51.8) 136 (38.6) 84 (49.4) 28 (46.7) 144 (47.1) .007

Diabetes duration

>10 y 151 (36.9) 237 (62.0) 68 (39.3) 30 (45.5) 110 (35.0) <.001

Insulin treatment

Yes 69 (15.8) 276 (72.3) 41 (22.0) 14 (21.2) 95 (28.9) <.001

CKD

Yes 143 (33.7) 167 (45.9) 58 (33.7) 17 (27.0) 74 (23.3) <.001

SESc

Low 32 (7.3) 115 (30.1) 15 (8.1) 20 (30.3) 52 (15.8) <.001

Intermediate 333 (76.4) 236 (61.8) 145 (78.0) 43 (65.2) 238 (72.3)

High 71 (16.3) 31 (8.1) 26 (14.0) 3 (4.6) 39 (11.9)

ARMD ¼ age-related macular degeneration; BMI ¼ body mass index; CKD ¼ chronic kidney disease; DR ¼ diabetic retinopathy; HbA1c ¼
glycated hemoglobin (A1c); HDL-C¼ high-density lipoprotein cholesterol; LDL-C¼ low-density lipoprotein cholesterol; SES¼ socioeconomic

status.

Data are number (%) of cases, unless otherwise indicated.
aIncludes: retinitis pigmentosa, optic atrophy, myopic maculopathy, problems with retina, vitreous hemorrhage, retinitis and other neurop-

athy.
b>40 mg/dL for men, >50 mg/dL for women.
cSES was determined according to the poverty index of the census enumeration area as defined by the Israeli Bureau of Statistics for the

2008 national census (low ¼ 1-3; intermediate ¼ 4-7; high ¼ 8-10).
ARMD, and cataract in Israel over the last decade. Howev-
er, DR is the most common ocular complication associated
with diabetes2 and is the leading cause of preventable
blindness before the age of 74 years.1 In the present study,
among people with diabetes, ARMD was the most frequent
cause of incident blindness in the 75þ age group and DR
was the main cause in those aged 55-64.

According to our study, age between 55 and 64 years,
duration of diabetes, insulin treatment, and poor glycemic
control were independently associated with DR-related
blindness among patients with diabetes. This is consistent
with previous studies that found that duration of diabetes is
one of the major nonmodifiable risk factors, and that higher
HbA1c is one of the main modifiable risk factors, for the
development and progression of DR.10,25,26 The Diabetes
Control and Complications Trial and United Kingdom
Prospective Diabetes Study were 2 clinical trials that
showed that tight glycemic control (HbA1c <_7) could
reduce the risk of DR development and progression
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in both type 1 diabetes and type 2 diabetes
patients, respectively.27 A recent meta-analysis involving
participants with type 2 diabetes from 7 trials showed
that intensive glycemic control reduced the risk of DR by
20%.28 Chronic exposure to hyperglycemia combined
with other risk factors such as hypertension are believed
to initiate a cascade of biochemical and physiological
changes that ultimately lead to microvascular damage
and retinal dysfunction.1 Optimum control of blood
glucose and blood pressure remains the foundation for
reduction of the risk of DR development and progression.
In our study, poor control of LDL-C was found to be

significantly associated with DR-related blindness, whereas
HDL-C was not. Various studies have reported inconsistent
results regarding the effects of blood lipids on the develop-
ment and progression of DR.29,30 In the Madrid Diabetes
Study, which included 3443 persons with type 2 diabetes,
higher levels of LDL-C increased the 4-year risk of DR by
8-fold.31 The Hoorn study demonstrated no relationship
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TABLE 4. Adjusted Multinomial Logistic Regressiona of Risk Factors Associated With Age-Related Macular Degeneration, Diabetic
Retinopathy, Glaucoma, and Cataract-Related Blindness

ARMD DR Glaucoma Cataract

OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

Sex

Female vs male 1.19 (0.96–1.48) .11 1.13 (0.91–1.42) .28 0.48 (0.34–0.67) <.001 0.91 (0.54–1.54) .73

Age groups

18-54 Ref. Ref. Ref. Ref.

55-64 1.61 (0.31–8.27) .57 1.80 (1.26–2.56) .001 1.67 (0.64–4.31) .29 3.06 (0.87–10.81) .08

65-74 21.45 (5.25–87.65) <.001 1.20 (0.82–1.76) .34 4.52 (1.90–10.79) <.001 3.45 (0.98–12.18) .054

75þ 116.0 (28.71–468.41) <.001 0.92 (0.61–1.40) .70 11.13 (4.71–26.31) <.001 7.58 (2.17–26.54) .002

Diabetes duration

>10 y 0.95 (0.75–1.19) .64 1.93 (1.50–2.48) <.001 1.10 (0.77–1.58) .60 1.65 (0.93–2.92) .09

Poor glucose control

HbA1c >7% 1.03 (0.82–1.29) .79 2.14 (1.56–2.92) <.001 0.84 (0.59–1.19) .32 0.99 (0.57–1.73) .97

Poor LDL-C control

(>_100 mg/dL) 0.88 (0.70–1.12) .30 1.41 (1.12–1.77) .003 1.34 (0.95–1.88) .10 0.78 (0.43–1.41) .41

Poor HDL-C control

(<_40 mg/dL for men, >50

mg/dL for women)

0.95 (0.77–1.17) .61 1.02 (0.81–1.28) .88 1.01 (0.73–1.40) .94 1.03 (0.61–1.73) .93

Insulin treatment

Yes vs no 1.15 (0.86–1.55) .35 5.69 (4.30–7.54) <.001 1.44 (0.94–2.21) .09 0.97 (0.49–1.93) .93

Smoking

Yes vs no 1.79 (1.28–2.50) <.001 0.81 (0.56–1.15) .235 0.97 (0.56–1.68) .91 0.92 (0.38–2.19) .85

CKD

Yes vs no 0.89 (0.71–1.12) .33 3.15 (2.46–4.03) <.001 1.18 (0.82–1.69) .37 0.90 (0.47–1.71) .74

SES

Low 0.95 (0.60–1.51) .83 3.78 (2.37–6.04) <.001 1.03 (0.52–2.03) .93 7.84 (2.26–27.21) .001

Intermediate 1.14 (0.85–1.52) .39 1.86 (1.20–2.89) .006 1.15 (0.73–1.81) .55 2.78 (0.86–8.99) .09

High Ref. Ref. Ref. Ref.

ARMD¼ age-relatedmacular degeneration; BMI¼ bodymass index; CI¼ confidence interval; CKD¼ chronic kidney disease; DR¼ diabetic

retinopathy; HbA1c ¼ glycated hemoglobin (A1c); HDL-C ¼ high-density lipoprotein cholesterol; LDL-C ¼ low-density lipoprotein cholesterol;

SES ¼ socioeconomic status.
aThe categories of the outcome variable were ARMD, DR, glaucoma, cataract, and no blindness as reference category.
between total cholesterol, HDL-C, and triglyceride levels
and the incidence of DR.29 Tomi�c and associates30 demon-
strated no statistically significant differences in cholesterol
levels between patients with different severity of DR.

In this study, smoking was not found to be associated
with DR-related blindness. Previous studies have also
shown inconsistent results regarding the association
between smoking and DR.10,27 There is some evidence
that smoking may protect against the progression of
retinopathy in patients with type 2 diabetes.32

In this study, lower SES was significantly associated with
DR and cataract-related blindness. This can possibly be
attributed to a number of factors. Poor control of HbA1c
and blood pressure, as well as lack of awareness and limited
access to treatment, have been shown to be associated with
low SES.33–35 In Israel, all citizens have medical insurance
that provides a broad basket of medical services. Overall
rates of eye examination among diabetes patients aged 18-
84 years in Israel increased, from 63.8% in 2008 to 74.2%
62 AMERICAN JOURNAL OF
in 2013.36 Regarding SES, the rates were slightly higher
for patients exempt from medical copayments owing to
poverty (75.5%) compared with those with no financial
exemption (73.6%).36 In light of this fact, we assume that
the association between low SES and blindness is not owing
to lack of detection, but rather because of lack of awareness
of treatment options or limited access to treatments. Laser
photocoagulation and treatment with anti–vascular endo-
thelial growth factor (anti-VEGF) agents have improved
vision outcomes and reduced the worsening of DR, macular
edema, and ARMD. Randomized controlled trials have
shown that early treatment can reduce an individual’s risk
of severe visual loss by 57%.37 However, despite available
screening and effective treatments such as laser and anti-
VEGF therapy for preservation of vision, DR remains the
third-leading cause of blindness in Israel.38

Duration of diabetes was associated with cataract-related
blindness with borderline significance; this may be owing to
insufficient statistical power. Other causes of blindness
APRIL 2019OPHTHALMOLOGY



were not associated with clinical parameters of diabetes in
this study. Numerous studies have documented an associa-
tion between diabetes and cataracts.39–41 Deposits of
advanced glycation end products in the lens have been
postulated as one possible pathogenic mechanism for
diabetic cataract. A few previous studies found positive
associations between hyperglycemia and diabetes treated
with insulin and glaucoma, but in this study such
associations were not found.7,42,43

Our study has several methodologic strengths, including
its good external validity, since data were obtained from
nonselective nationwide registries and included informa-
tion regarding both clinical and demographic variables
for all patients with diabetes. However, some important is-
sues need to be considered. First, our study did not have
data on stages of DR and ARMD or types of cataract and
glaucoma, which would have enabled us to account for
the important contribution of these factors to blindness.
Second, it was difficult to determine the exact time of onset
of blindness, and we arbitrarily defined the time of
occurrence of blindness as the year when the patient was
VOL. 200 BLINDNESS IN ADULT
registered as having legal blindness. In addition, we have
no data about persons who became blind and died prior
to the receipt of certification, but we expect that the num-
ber of blindness cases to be missed was very small. At any
rate, it would mean that our findings might have slightly
underestimated the true relation between diabetes and
blindness. Finally, data on some variables that can be
associated with blindness, such as hypertension, other
comorbidities, treatments and type of diabetes were missing
in our analysis.
In conclusion, the results of this nationwide study

demonstrate that diabetes is still a significant risk for
blindness; therefore, efforts to optimize the metabolic
control of diabetes and improve the treatment of early
stages of DR should be continued. In addition, the SES-
related disparities in the risk of DR and cataract-related
blindness need to be addressed, by directing efforts to
enhance accessibility of appropriate treatment for all
diabetic patients, thus contributing to the prevention of
unnecessary blindness, especially among the underprivi-
leged diabetic population.
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