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Purpose: This study investigated the incidence and risk factors of cataract in people with diabetes mellitus (DM) using data from Ansan
cohort of the Korean Genome and Epidemiology Study (KoGES). Methods: Data from a total of 329 patients with type 2 DM without cata-
ract who participated in Ansan cohort of the KoGES from baseline survey (2001-2002) to fifth follow-up visit (2011-2012) were examined,
The characteristics of the subjects were analyzed with frequency and percentage, and mean and standard deviation, Cataract incidence
was measured as incidence proportion (%). For risk factors of cataract, hazard ratio (HR) and 95% confidence interval (Cl) were obtained
using the Cox proportional hazard model, Results: The cataract incidence over a 10-year follow-up period was 19.1% (15.1 in males and
258 in females), and mean age at the incidence of cataract was 63.48 years (61.58 years in males and 6531 years in females). Age
(HR=1.09, 95% CI=1.05-1.13) and HbA1c (HR=1.21, 95% CI=1.07-1.37) or the duration of DM (HR=1.05, 95% Cl=1.00-1.09) were found to
be independently associated with cataract development. Conclusion: Cataract development in people with DM is common, and its likeli-
hood increases with age, HbA1c, and the duration of DM. Considering negative effect of cataract on their quality of life and economic
burden, nurses should identify people with DM at a higher risk of cataract development, and plan individual eye examination programs to
detect cataract development as early as possible.
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INTRODUCTION

With changing lifestyles and aging populations, the preva—
lence of diabetes mellitus (DM) is increasing worldwide.
Globally, the overall DM population in 2014 was approxi—
mately 422 million, corresponding to 8.5% of all adults aged
18 years or older [1]. This ratio is predicted to reach 10.9%

by 2,045 [2]. In South Korea, the prevalence of DM in adults
aged 30 years or older increased from 11.8% in 2012 to
138% in 2018 [3]. Long—term hyperglycemia due to DM can
lead to various complications, and cataract is a diabetic compli—
cation of the eye. According to the pathogenesis of diabetic
cataract, hyperglycemia induces changes in lens metabolism,

which is initiated by the polyol pathway, resulting in osmotic
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stress, generation of free radicals, and damage to lens fibers [4].

The cataract incidence was 20.4 per 1,000 person—year
(95% confidence interval [CI] = 19.8~20.9) for people with
DM aged 40 years or older, and who participated in the
2000~2015 UK-based Clinical Practice Research Datalink
(CPRD). This number was almost double the cataract inci—
dence of people without DM; that is, 10.8 per 1,000 per—
son—year (95% CI = 10.5~11.2) [5]. Similarly, in a me—
ta—analysis, people with DM were found to have a cataract
incidence twice as high as those without DM [6]. As the in—
cidence of cataracts varies according to the World Health
Organization regions [7]—even among Asian ethnicities [8]—
it is necessary to identify the incidence of, and factors re—
lated to, cataract in Korean people with DM. Notably, among
people with DM in Korea, only 32.2% had annual eye exam—
inations [9], less than those in the United States, at 634%
[10]; Norway, 61.0% [11]; and France, 47.9% [12]. One rea—
son people with DM do not undergo an annual eye examina—
tion is that it is unnecessary at a younger age, for instance,
below age 70 [13]; therefore, knowledge of the age of onset
of cataracts in people with DM can promote eye examina—
tions among those at risk.

In 2020, cataract was the leading global cause of blindness
in those aged 50 years and older (15.2 million cases) [14]; it
affects not only an individual’'s quality of life, but also their
direct and indirect costs to increase quality—adjusted life
years [15]. Therefore, there is a strong nursing implication
for postponing or preventing cataract development in people
with DM, through better risk factor management. A study
conducted in India showed that the risk of developing cata—
racts in people with type 2 DM was 1.7 times higher for fe—
males. Compared with those in their 40s, the risk was
2.7~3.3 times and 3.3~3.9 times higher for those in their 50s
and 60s, respectively [16]. The UK-based CPRD reported
that DM lasting 10 years or more increased the risk of cata—
ract 5.14 times. Moreover, higher HbAlc levels, insulin use,
past smoking, and comorbidities such as dyslipidemia, hy-
pertension, and heart diseases were found to be potential
risk factors for cataract development [5].

However, a recent systematic review conducted on 13 dif—

ferent populations in the United States, Europe, India, and
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Taiwan found that risk factors for cataract development were
not consistent across the studies except for age and glycemic
control [17]. Dyslipidemia and smoking were considered po—
tentially contributing variables, as their role was not well es—
tablished because of insufficient published evidence and in—
consistency in the study results. Moreover, few studies have
assessed the association between cataract development and
obesity (body mass index [BMI]) or comorbidities such as
heart diseases in people with DM [17]. Therefore, to identify
significant risk factors for cataract development in popula—
tions with DM, a well-conducted, long—term study is neces—
sary. It is important to assess all the potential risk factors in
various aspects, including not only demographic characteris—
tics but also modifiable factors, to provide accurate and spe—
cific information to people with DM, properly screen those at
high risk of developing cataracts, monitor the change in risk
regularly, and provide interventions to prevent or delay cata—
ract development.

The Korean Genome and Epidemiology Study (KoGES) is
a large prospective cohort study initiated by the Korean gov—
ernment (National Research Institute of Health, Korea Dis—
ease Control and Prevention Agency, and the Ministry of
Health Welfare, Korea) [18]. The KoGES data have been
used to investigate the genetic and environmental etiology of
non—communicable chronic diseases such as type 2 DM, hy-
pertension, cardiovascular diseases, metabolic syndrome,
cancer, and so on, with long—term follow—up [19]. Of all re—
ported studies using the KoGES, only one was related to
cataract, which did not target people with DM [20].

Therefore, this study examined the incidence of cataracts
and its associated risk factors in people with DM living in the
community, using the community—based cohort study of the
KoGES. The objectives were to 1) investigate cataract inci—
dence—related characteristics, 2) compare the baseline charac—
teristics of study subjects with or without cataract development,

and 3) identify the factors related to cataract development.

METHODS
1. Study design

This study was a secondary analysis of the data from the
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Ansan cohort of the KoGES, which was a community—based
cohort study conducted by the Korea Disease Control and
Prevention Agency.

For this study, the application documents for data sharing
were submitted through online data sharing service of the di—
vision of epidemiology and health index, the National Institute
of Health, the Korea Disease Control and Prevention Agency.
The epidemiologic data of the Ansan cohort of the KoGES
from baseline survey (2001~2002) to fifth follow—up visit

(2011~2012) were downloaded after approval notification.
2. Study participants

The Ansan cohort represented small/medium-—sized cities
in Korea and comprised 5,012 adult males and females aged
between 40 and 69 years. The baseline survey of the Ansan
cohort was completed in 2001 and 2002, and follow—up sur—
veys are conducted every other year. Details of the KoGES
and Ansan cohort have been described previously [18,21-23].
In brief, this study used a two—stage cluster sampling for
subject enrollment at the Ansan site, based on the local tele—
phone directory information and information on demographic
characteristics from the 2000 census. Altogether, 10,957 eli—
gible individuals were identified by telephone contact; 5,012
subjects participated in the baseline survey, and 3,052 sub—
jects remained until the fifth follow—up survey (60.9% fol—
low—up rate). The mean age * standard deviation (SD) was
49.1 + 79 for the 5,012 subjects at baseline and 58.3 + 7.3 for
the 3,052 subjects at the fifth visit. All subjects were sur—
veyed for demographic and medical history, family history of
disease, and lifestyle habits (including smoking, alcohol use,
physical activity, and dietary intake) using an inter—
view—based questionnaire and they underwent comprehensive
health check—ups and provided bio—specimens for assays.

Subjects were included in this study upon meeting the fol—
lowing criteria: people with type 2 DM, without cataract at
the baseline survey, and completed at least one follow—up
survey. The sample size was calculated using the cohort
study design of the Open Source Epidemiologic Statistics for
Public Health [24], an online sample counting program. Based
on the results of the duration of DM (K10 years versus > 10

years) in Becker et al. [5], a significance level (a) of .05,
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power (1-pB) = .85, percentage of unexposed with out—
come = 205%, and percentage of exposed with outcome = 42.0%
result in a minimum required sample size of 256 (Kelsey
method) to 311 (Fleiss with correction method). Among 5,012
people who participated in the baseline survey, 329 who met
the inclusion criteria were included in the analysis. Eventu—
ally, cataract occurred in 63 (19.1%) patients during the 10—

year follow—up period (Figure 1).
3. Definition and variables

Following previous studies [21-23], DM subjects were de—
fined as those who met at least one of the following four cri—
teria: 1) self-reporting of DM, 2) undergoing insulin or oral
hypoglycemic agent treatment, 3) with fasting plasma glu—
cose (FPG) > 126 mg/dL or postprandial 2—-hour glucose
(PP2) > 200 mg/dL after a 75—g oral glucose tolerance test
(OGTT), and 4) with HbAlc > 65%.

Cataract subjects were classified according to their re—
sponse to the questions in medical information section about

the experience and timing of cataract diagnosis after DM di—

Total participants of
KoGES study-Ansan
(n=5,012)

+ No history of DM
i (n =4,362)

A 4

DM at baseline
(n =650)

- History of cataract
(n=16)

+ Unknown history

> of cataract (n = 1)

v . Np survey on
No history of cataract ?r:siog)(/)g)f cataract
at baseline
(n =329)

- Less than 2 times
follow up (n =0)

A 4
Complete > 2 times
follow up
(n =329)

Cataract occurred No cataract occurred
(n=63) (n =266)

DM = Diabetes mellitus;
KoGES = Korean Genome and Epidemiology Study.

Figure 1. Flow of participants through the study.
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agnosis during the third to fifth follow—up surveys. The
question was, “Have you been diagnosed with cataract in re—
lation to DM after DM diagnosis?” Those who responded “No,
I have never been diagnosed” to the question were classified
as having “no cataract” while the rest were classified as hav—
ing “cataract”. The timing of cataract diagnosis was coded as
“before 2001”7, “2001~2002", “2003~2004", “2005~2006",
“2007~2008", “2009~2010", and “2011~2012". Meanwhile, if
they responded “before 2001” or “2001~2002” to the ques—
tion, did not respond to the question, or did not participate in
the follow—up survey, they were classified as “having history
of cataract at baseline”, “unknown cataract” or “no survey’,
respectively, and all were excluded from the study.

The explanatory variables, selected based on previous
studies on cataract-related factors [5,16,17,25-27], were so—
cio—demographics, health behaviors, and disease-related
characteristics of the subjects measured at the baseline sur—
vey. For all characteristic variables, KoGES data were used
as it was or re—categorized. They included sex, age, educa—
tion, family income, smoking status, total smoking amount
(pack—year), status of alcohol use, total alcohol intake (g/
day), total physical activity, BMI, age at the initial diagnosis
of DM, use of oral hypoglycemic agents, insulin treatment,
FPG, PP2, HbAlc, fasting plasma insulin, comorbidities (hy—
pertension, hyperlipidemia, asthma, ischemic heart disease,
congestive heart failure, myocardial infarction, chronic ob—
structive pulmonary disease), systolic blood pressure, dia—
stolic blood pressure, taking of lipid—lowering agents, steroid
use, and lipids (total cholesterol, low—density lipoprotein cho—
lesterol [LDLC], high—density lipoprotein cholesterol [HDLC],
and triglycerides). Some of these variables were converted
and used according to the purpose of this study. Regarding
education, the subjects were divided into two categories:
high school graduate or not. Family income per month was
divided into two categories: below or above three million
KRW which was the closest to the average family income in
2003 [28]. For smoking status and status of alcohol use, the
subjects were divided into two categories: current smoking or
not and current alcohol use or not, respectively. Physical ac—
tivity was measured using the metabolic equivalent of task.

BMI was calculated using height and weight which were mea—

https://doi.org/10.4040/jkan.21081

27

sured using standard methods (weight divided by height
squared, kg/m®). The duration of DM was calculated by sub—
tracting participants age at the initial diagnosis of DM from
their age at the baseline survey, and those who met only the
laboratory criterion of DM were classified into the “not appli—
cable” group. FPG, fasting plasma insulin, and triglycerides
were measured in the central laboratory by collecting blood
after fasting for 12 hours. PP2 was checked by measuring
plasma glucose at 2 hours by a 75 g OGTT. LDLC was cal—
culated using three lipid data: LDLC = total cholesterol-[(tri—
glyceride/5) + HDLC] [29]. Insulin resistance was calculated
using the homeostasis model assessment of insulin resistance
(HOMA-IR). The equation for HOMA-IR was “HO-
MA-IR = [fasting insulin (uIU) x fasting blood sugar (mg/
dL)] /405" [22,30,31]. Hypertension was defined as subjects
who had left or right systolic blood pressure > 140 mmHg or
diastolic blood pressure > 90mmHg, or subjects who were
taking anti-hypertensive agents [30,32]. Meanwhile, steroid
use and comorbidities except hypertension and hyperlipid—
emia were finally excluded from the explanatory variables
because there was no or small subjects (1~6 cases) who

took steroid or had those comorbidities.
4. Data analysis

Data were analyzed using IBM SPSS Statistics for Win—
dows (version 23.0; IBM Corp., Armonk, NY, USA) and
Open Source Epidemiologic Statistics for Public Health [24],
and the significance level of the two—tailed statistical test
was .05. The 10—year incidence of cataract was calculated as
the incidence proportion (%) and incidence rate per 1,000
person—years with their respective 95% ClIs. Person—years
were calculated from the age at the baseline survey until the
age at cataract development or the last survey.

Hazard ratios (HRs) and 95% Cls were calculated using a
simple Cox proportional hazards model to compare the sur—
vival patterns according to the study subjects’ baseline
characteristics. A log minus log plot was used to confirm
whether each variable met the proportional hazard assump—
tion [33]. The survival time was defined as the period from
the baseline survey to cataract occurrence, and calculated in

units of year by subtracting the age at the time of the base—
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line survey from the age at the time of cataract occurrence.
A multivariate Cox proportional hazards model was used to
identify the factors related to cataract development with sig—
nificant variables from the simple model as explanatory
variables, except for the duration of DM. For the duration of
DM, some data (163 in total) corresponding to the “not ap—
plicable” group were missing. Thus, demographic variables
(sex, age, education, and family income), health behaviors
(current smoking and current alcohol use), and disease-re—
lated variables (HbAlc) were entered into the model in a se—
ries of steps, the HRs and their 95% Cls and —2log likeli—
hood values were calculated. The analysis results, including

the duration of DM in the Cox model, are presented as a

supplement. The correlation coefficient (Spearman’s rho)
among the variables ranged from 02 to 48, which satisfied
the assumption of multicollinearity.

Meanwhile, about half of the subjects with DM at baseline
were excluded for “unknown cataract” or “no survey”’ on
cataract history; a sensitivity analysis was performed to
check the robustness of the findings. Specifically, we com—
pared the baseline characteristics of those who were included
(n = 329) and excluded (n =305) in this study using the y’
test, Fisher’s exact test, t—test, or Mann-Whitney U test.

5. Ethical consideration

This study was conducted after receiving approval for ex—

Table 1. Cataract Incidence-Related Characteristics of Study Subjects W=863)
Characteristics Total Male Female 3z p
Incidence

Number of cases 31 32

Person years (PY) 2,842 1,772 1,070

IP (%; 95% CI) 19.1 (15.3~23.8) 15.1 (10.9~20.7) 25.8 (18.9~34.2) 5.70 .017

IR per 1,000 PY (95% Cl) 22.2 (17.0~28.4) 17.5 (11.9~24.8) 29.9 (20.5~42.2) 4.62 .031
Age at cataract development (yr)

40~49 4(6.3 3(9.7) 1(3.1) 6.47 .091

50~59 15 (23.8) 10 (32.3) 5(15.6)

60~69 28 (44.4) 9(29.0) 19 (59.4)

70~79 16 (25.4) 9(29.0) 7 (21.9)

M + SD 63.5+7.89 61.6 + 9.06 65.3 £ 6.17 - 1.49° 137
Period from baseline to cataract development (yr)

<2 1(17.5) 9(29.0) 2(6.3) 10.78 .029

2.1~4.0 0(31.7) 11 (35.5) 9(28.1)

4.1~6.0 14 (22.2) 4(12.9) 10 (31.3)

6.1~8.0 4(22.2) 4(12.9) 10 (31.3)

8.1~10.0 4(6.3) 3(9.7) 1(3.1)

M + SD 54+ 238 4.8 £ 2.62 5.9+ 2.00 -2.17F .030
Period from DM

< 2 (4.4) 1(4.2) 1(4.8) 3.24 1557
Diagnosis to cataract development (n = 45) (yr)

5.0~9.9 12 (26.7) 6 (25.0) 6(28.6)

10.0~14.9 17 (37.8) 7(29.2) 10 (47.6)

15.0~19.9 9 (20.0) 6 (25.0) 3(14.3)

> 20.0 5(11.1) 4(16.7) 1(4.8)

M £ SD 13.3+7.25 14.8 + 8.65 11.7 £ 494 1.42 .164

Values are presented as number (%).

Cl = Confidence interval; DM = Diabetes mellitus; IP = Incidence proportion; IR = Incidence rate; M = Mean; PY = Person year; SD = Standard

deviation.
*Mann-Whitney U test.
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empt review (PNU IRB No. 2018_24_HR) from the Institu—
tional Review Board (IRB) of Pusan National University. Our

data were received from the department in charge of KoGES

nymized.
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in the KDCA after submission of the IRB approval letter and

study proposal to the Department, and all data were ano—

Table 2. Comparison of Baseline Characteristics of Study Subjects with or without Cataract Development (W =329)
Total Cataract No cataract
Characteristics HR (95% Cl) p
n (%) or M + SD n (%) or M + SD n (%) or M + SD
Socio-demographics
Female 124 (37.7) 32 (50.8) 92 (34.6) 1.71 (1.04~2.80) .034
Age (yr) 52.5+8.29 58.1 £ 7.67 51.2+7.89 1.10 (1.06~1.13) <.001
40~49 145 (44.1) 1(17.4) 134 (50.4) 1
50~59 104 (31.6) 19 (30.2) 85(31.9) 2.42 (1.15~5.08) .020
60~69 80 (24.3) 33 (52.4) 47 (17.7) 6.48 (3.27~12.84) < .001
Education (< high school) 125 (38.0) 35 (55.6) 90 (33.8) 2.12 (1.29~3.49) .003
Family income (< 3 million won) 227 (69.0) 54 (85.7) 173 (65.0) 2.82 (1.39~5.72) .004
Health behaviors
Current smoking 97 (29.5) 11 (17.5) 86 (32.3) 0.51 (0.27~0.98) .043
Amount of smoking (pack—yr) 13.2 £ 17.67 11.9 + 20.42 13.5 £ 16.99 1.00 (0.98~1.01) .653
Current alcohol use 166 (50.5) 22 (34.9) 144 (54.1) 0.50 (0.30~0.84) .009
Physical activity (MET) 7237.29 + 4556.03 7358.93 + 5283.76 7208.49 + 4376.77 1.00 (1.00~1.00) .761
Body mass index (kg/m?) 26.05 + 3.14 25.95 + 2.91 26.08 + 3.19 0.99 (0.91~1.07) 720
Disease-related characteristics
Age at diagnosis of DM (yr) 48.1 £ 8.24 50.2 + 8.96 47.3 +£7.87 1.04 (1.00~1.07) .069
Duration of DM (n = 168) (yr) 5.7 £5.68 8.0+7.55 49+ 458 1.07 (1.03~1.12)  <.001
<5.0 91 (27.7) 17 (27.0) 74 (27.8) 1
> 5.0 77 (23.4) 28 (44.4) 49 (18.4) 2.13 (1.17~3.90) .014
Not applicable’ 161 (48.9) 18 (28.6) 143 (53.8) 0.58 (0.30~1.12) .105
Taking oral hypoglycemic agents 83 (25.2) 25(39.7) 58 (21.8) 0.91 (0.28~3.02) .881
Insulin treatment 16 (4.9) 6(9.5) 10 (3.8) - .664
Fasting plasma glucose (mg/dL) 136.33 + 48.27 145.03 + 46.85 134.27 + 48.46 1.00 (0.99~1.01) .110
PP2 (mg/dL) (n = 211) 249.67 £72.42 260.88 £ 59.11 247.59 + 74.59 1.00 (0.99~1.01) 343
HbA1c (%) 7.73 £ 1.64 8.17 £ 1.77 7.62 £ 1.60 1.16 (1.03~1.31) .016
< 6.5 70 (21.3) 11 (17.5) 59 (22.2) 1
> 6.5 259 (78.7) 52 (82.5) 207 (77.8) 1.32 (0.69~2.54) 399
HOMA-IR 2.66 + 1.62 2.88+ 1.74 2.61 + 1.59 1.09 (0.95~1.25) 231
Hypertension™ 137 (41.6) 28 (44.4) 109 (41.0) 1.12 (0.68~1.84) .659
Systolic blood pressure (mmHg) 121.78 £ 17.77 12435+ 17.71 121.17 £17.76 1.01 (0.99~1.02) 213
Diastolic blood pressure (mmHg) 80.15+ 12.11 80.89 + 10.72 79.98 + 12.43 1.01 (0.99~1.03) .590
Hyperlipidemia 20 (6.1) 2(3.2) 18 (6.8) 0.48 (0.12~1.96) .307
Taking lipid-lowering agents 7(2.1) 0 (0.0) 7 (2.6) 0.05 (0.00~70.90) 415
TC (mg/dL) 214.88 £ 39.14 216.73 + 48.21 214.44 + 36.77 1.00 (0.99~1.01) 611
LDLC (mg/dL) 127.80 + 38.65 134.97 + 40.59 126.10 £+ 38.05 1.01 (0.99~1.01) .093
HDLC (mg/dL) 45.09 + 9.67 45.43 £ 10.84 45.00 £ 9.39 1.01 (0.98~1.03) 677
Triglycerides (mg/dL) 209.98 + 163.91 181.67 £ 105.91 216.68 + 174.33 1.00 (0.99~1.00) .150

- = Not available; Cl = Confidence interval; DM = Diabetes mellitus; HDLC = High density lipoprotein cholesterol; HOMA-IR = Homeostasis model
assessment of insulin resistance; HR = Hazard ratio; LDLC = Low density lipoprotein cholesterol; M = Mean; MET = Metabolic equivalent of task;
PP2 = Postprandial 2-hour glucose; SD = Standard deviation; TC = Total cholesterol.
*Not applicable means those who were defined diabetes by laboratory results; *Systolic blood pressure = 140 mmHg or Diastolic blood pressure >

90 mmHg or taking antihypertensives.
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Table 3. Factors Related to the Cataract Development (V=329)
Step 1 Step 2 Step 3
Variables
HR (95% CI) p HR (95% CI) p HR (95% CI) p

Female 1.14 (0.67~1.93) .636 1.03 (0.57~1.85) 934 1.07 (0.59~1.93) .828
Age (yr) 1.08 (1.05~1.12) <.001 1.08 (1.04~1.12) <.001 1.09 (1.05~1.13) <.001
Education (< high school) 1.41 (0.82~2.43) 21 1.43 (0.83~2.45) 198 1.43 (0.83~2.46) 193
Family income (< 3 million won) 1.51 (0.71~3.23) .286 1.48 (0.69~3.17) 312 1.33 (0.62~2.87) 466
Current smoking 0.97 (0.45~2.11) 938 1.03 (0.47~2.23) 946
Current alcohol use 0.76 (0.41~1.41) .386 0.73 (0.40~1.35) 316
HbA1c (%) 1.21 (1.07~1.37) .003
- 2log likelihood 665.09 664.22 656.67

Cl = Confidence interval; HR = Hazard ratio.

RESULTS
1. Cataract incidence

Among the 329 subjects, 63 developed cataracts, with an
incidence proportion of 19.1% (Table 1). The incidence rate
per 1,000 person—years was 22.2 (95% CI = 170~284), 175
(95% CI = 11.9~24.8) among males and 299 (95% CI = 20.5~42.2)
among females. The mean age at the incidence of cataract
was 63.5 years. The mean elapsed time from the baseline
survey until cataract development was 54 years. For fe—
males, the elapsed time before contracting cataract (5.9
years) was significantly longer than for males (4.8 years;
Z =-217, p = 030). Meanwhile, the mean elapsed time from
DM diagnosis to cataract development was 13.3 years, and

there was no difference by sex.

2. Cataract incidence according to the subjects’
characteristics at the baseline data

Table 2 shows that subjects with and without cataract
were significantly different in their characteristics at base—
line: females (p = .034), mean age (p<.001), education
(p = .003), family income (p = .004), current smoking
(p = 043), current alcohol use (p = .009), duration of DM
(p<.001), and HbAlc (p = .016). In the cataract group at
baseline, there were more females; more current smoking
and fewer current alcohol use; the group members were
older, less educated, and had less family income, longer du—
ration of DM, and higher HbAlc than the no—cataract group

members.
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3. Factors related to cataract incidence

Among the seven variables, except for the duration of DM,
which were significant in the simple model, age (HR = 1.09,
95% CI = 105~113) and HbAlc (HR =121, 95% CI = 1.07~1.37)
were independently associated with the development of cata—
racts in multiple models (Table 3). Meanwhile, in the addi—
tional analysis that included the duration of DM in the multi—
ple model, age (HR = 108, 95% CI = 1.03~1.13) and the du—
ration of DM (HR = 1.05, 95% CI = 1.00~1.09) were signifi—
cantly related to the development of cataracts (Supplementary
Table 1).

4, Characteristics of the subjects included and
excluded in the study

According to the sensitivity analysis, the characteristics of
the subjects included in the study and those excluded were
significantly different for several variables. The group in—
cluded in the study had fewer females (p = 036), and com—
pared with the excluded group, its members were less edu—
cated (p = .005), had hypertension (p = .010), lower HDLC
(p = 013) but higher BMI (p = .025), FPG (p<.001), PP2
(p<.001), HbAlc (p<.001), and HOMA-IR (p = 007; Supple—
mentary Table 2).

DISCUSSION

This study used the KoGES, a community—based cohort

databases, to analyze aspects of cataract incidence in people
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with DM over a period of 10 years, and examine related fac—
tors. The 10—year—incidence proportion of cataract was ap—
proximately 19.1%, indicating that cataract occurred in ap-—
proximately two in every ten people with DM. The incidence
of cataracts among people without DM has not been reported
in Korea. Instead, the prevalence of cataract among the gen—
eral population (with and without DM) was reported to be
11% in a questionnaire—based study of 715,554 people aged
40 years or older in the period 2008~2012 [34]. Considering
that approximately 10% of the general population had DM
[35] and about 19% of them had cataracts, the estimated in—
cidence proportion of cataracts among people without DM is
around 10%. This finding is similar to the figure reported in
a meta—analysis, that is 1.97 times [6]. We found the cata—
ract incidence rate in people with DM to be 22.2 cases per
1,000 person—years. This is slightly higher than 204 (95%
CI = 19.8~20.9) identified for people with DM aged 40 years
or older who participated in the 2000~2015 UK-based CPRD
[5], and more than double the cataract incidence rate of peo—
ple without DM; 10.8 (95% CI = 10.5~11.2) per 1,000 per—
son—years. The cataract incidence rate was 1.7 times higher
in females than in males in this study, which aligns with the
result in a previous study [5], specifically, 1.5 times higher in
females than in males.

In this study, cataract development in people with DM was
found to be associated with increased age, HbAlc level, and
duration of DM. Age, a well-known risk factor for cataract
in people with DM, was found to be increase the risk of cat—
aract 1.03~1.27 times per year [17]. In this study, cataract
risk rapidly increased in patients who were in their 50s at
baseline, with a 1.09 times increase in cataract risk per year.
This can be translated to an increase in risk by a factor of
about 2.4 between the ages of 40s and 50s, and a factor of 5.6
between the ages of 40s and 60s. This finding is similar to
that of the UK-based CPRD, where the incidence rate per
1,000 person—years was 2.62 cases for people in their 40s,
6.33 cases in their 50s, and 1544 cases in their 60s. That is,
people with DM in their 50s and 60s had 241 times and 5.89
times higher incidence rates of cataract, respectively [5].
Considering that cataract is one of the most common dis—

eases that can lead to blindness in adults [14], regular eye
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check—ups to discover cataract at an early stage is very im—
portant for people with DM to maintain their quality of life
and save medical costs. Therefore, according to the guide—
lines of the Korean Diabetes Association [36], nurses must
encourage people with DM to undergo annual eye examina—
tions at any age, including at the time of DM diagnosis.

In several studies, HbAlc has been identified as a risk factor
for cataract in people with DM [17], and this study showed the
same result. HbAlc reflects the average blood glucose level
within three months prior to the test, and a higher HbAlc level
indicates poorer glycemic control. Given that a strong positive
relation exists between aqueous humor and blood glucose lev—
els, prolonged exposure to high glucose levels is deemed to in—
crease aqueous humor glucose levels [37]. A recent study re—
ported an increase in the glycosylated amino acids in patients
with DM compared with non—diabetic patients with cataract,
which might be related to earlier cataract development in pa—
tients with DM [38]. However, HbAlc was identified as a fac—
tor related to cataract development in the model without the
duration of DM, but not the one with it, and this may be re—
lated to a decrease in the statistical power attributable to sub—
stantial missing data on the duration of DM. Meanwhile, FPG,
an indicator that reflects the blood glucose level or glycemic
control, was found to be unrelated to cataracts. Given these
results, regular HbAlc monitoring is considered more helpful
in managing cataracts in patients with DM.

For the duration of DM, inconsistent results have been re—
ported regarding its relationship with cataract development—
a risk factor [5], a preventive factor [39], and an irrelevant
factor [40]. In this study, the duration of DM was confirmed
as a risk factor, increasing cataract risk by a factor of 1.05
when the duration of DM increases by one year. However,
this finding differs considerably from the results of a study
by Becker et al. [5], where the risk of cataract increased by
a factor of 5.14 for a duration of DM <2 years versus a dura—
tion of > 10 years. The incidence of cataract was found to be
higher in females than in males (25.8% vs. 15.1%), but there
was no significant difference in the multivariate analysis,
which was the same result as that of a previous systematic
review reporting that sex was unlikely to be a risk factor for

cataract in people with type 2 DM [17].
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1. Strength and limitations

To our knowledge, this study is one of few studies that
used a longitudinal study design to investigate cataract inci—
dence and its predictive factors among people with DM.
Considering that in South Korea, only about 60% of males
and 68% of females aged > 30 years with DM are aware of
their DM status [41], the use of laboratory results as inclu—
sion criteria may be helpful in minimizing the exclusion of
DM patients. However, careful interpretation of the results is
necessary because of the following limitations. First, because
this study relied on self-reported cataract data, there may be
problems with accuracy, as we could not validate the cataract
diagnosis and underestimation and recall bias, compared with
clinical tests [42]. Therefore, further studies are recom—
mended to use objective outcome data. Second, the cataract
type could not be considered in this study because of lack of
data. Srinivasan et al. [16] analyzed subjects of the Sankara
Nethralaya Diabetic Retinopathy Epidemiology and Molecular
Genetic Study and found that the incidence of cataract
greatly differs between cataract types, that is, 7.3% for pos—
terior subcapsular cataract and 70% for nuclear opalescence.
This finding highlights the importance of further investiga—
tion into the incidence rate according to cataract type. Third,
the time until cataract occurred, required for calculating
cataract density, was measured using the difference in age
between the time of the baseline survey and that of cataract
incidence, entered in the KoGES. This is because it is diffi—
cult to identify the actual time of cataract incidence since
KoGES is only conducted every other year. However, this
method raises the possibility of recall bias because the age
when cataract occurred was self-reported. Fourth, as the
study subjects were those with prevalent type 2 DM, the du-—
ration of DM varied at the baseline survey. Accordingly,
some of their characteristics at baseline might differ from
those at the actual time of their DM development, although
the duration of DM was used as an explanatory variable in
the data analysis to control for the effect of DM progression.
Further longitudinal studies with DM incident cases to iden—
tify factors related to cataract development are suggested.

Fifth, the duration of DM was missing in about half of the
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participants because DM subjects were identified using
self-report of DM diagnosis and medication as well as labo—
ratory results based on previous studies [21-23]; this may
lead to substantial loss of statistical power in multivariate
regression analysis. Sixth, although compliance to treatment
and follow—up in people with DM could affect glycemic con—
trol and in turn the occurrence of cataract, this dynamic
could not be assessed here because of lack of data in the
KoGES. Lastly, the generalizability of the findings to other
population groups, except for the study subjects, is limited. A
substantial proportion of individuals with DM at baseline
(n = 305 [48%]) was excluded because of unknown, or no
survey on, cataract history; the small sample size may de—
crease the representativeness of the study results. There
were significant differences between included and excluded
individuals on several characteristics, which may have in—
creased selection bias. Therefore, caution should be exercised
when interpreting and applying the results of this study to all
people with DM living in Ansan as well as other small and
medium-—sized cities or rural areas in South Korea. The re—
sults of this study should be interpreted as being limited to

the subjects of this study.
2. Clinical implications

Cataracts, one of the most common causes of blindness in
adults, lead to a decrease in quality of life and an increase in
economic burden. Considering that people with DM have
twice as much risk of cataract development than those with—
out DM, nurses working at hospitals or healthcare facilities
in the community should educate people with DM about the
major risk factors for cataract development based on the
findings of this study, and recommend regular eye examina—
tions so that cataracts can be identified as early as possible.
Nursing researchers can help monitor continuously the mag—
nitude of cataract risk in people with DM by constructing
and validating a risk factor prediction model using the risk
factors identified in this study. Finally, national health poli—
cy—makers can consider eye examinations in the health
check—up items for those who have a high risk of cataract
among people with DM or suspected to be in high glycemic

condition.
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CONCLUSION

The cataracts in people with DM is commonly occurred, at
approximately two in every ten persons with DM over a ten—
year period in South Korea. As age, HbAlc, and the duration
of DM increase, the risk of cataract development also in—
creases. These findings underscore the need for adherence
to annual eye examination guidelines as age and the duration
of DM increase, for the prevention and early detection of
cataract. Considering negative effect of cataract on their
quality of life and economic burden, nurses should identify
people with DM at a higher risk of cataract development, and
plan individual eye examination programs to detect cataract

development as early as possible.
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