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INTRODUCTION

ABSTRACT

Aims/Introduction: The purpose of this study was to investigate the impact of vision
and hearing impairments on the risk of adverse cardiovascular outcomes and mortality in
patients with type 2 diabetes using a nationwide longitudinal cohort.

Materials and Methods: We enrolled 771,128 patients with type 2 diabetes who
underwent the National Health Screening Program in 2009. We carried out Cox propor-
tional hazards regression analyses to calculate the hazard ratios (HR) of myocardial
infarction (MI), stroke, and mortality in those with or without vision and hearing impair-
ments. Subgroup analyses of patients stratified by age, sex and diabetic retinopathy
were carried out.

Results: Diabetes patients with either vision or hearing impairment showed higher risk
of M|, stroke or death compared with those without. Among the combinations of impair-
ments, patients with both vision and hearing impairments had the highest risk for Ml (ad-
justed HR [aHR] 1362, 95% confidence interval [Cl] 1.252—1.481) and mortality (aHR 1.591,
95% Cl 1.532-1651). Those with only vision impairment showed higher risk of MI (aHR
1.324, 95% ClI 1.275-1375 and aHR 1.117, 95% Cl 1.066-1.170, respectively), stroke (aHR
1.318, 95% (I 1.276-1362 and aHR 1.134 95% CI 1.089-1.180, respectively) and mortality
(@HR 1417, 95% Cl 1.390-1.446 and aHR 1.163, 95% Cl 1.135-1.191, respectively) compared
with those with only hearing impairment.

Conclusions: Vision and hearing impairments are independently important risk factors
for adverse cardiovascular events and mortality in patients with type 2 diabetes. Vision
and hearing impairments synergistically increased the risk of Ml and all-cause deaths, but
not stroke. In addition, in patients aged <65 years, the HR of vision impairment was
higher than those with vision and hearing impairments.

Diabetes causes vascular and neuropathic complications

Patients with type 2 diabetes have an increased risk of cardio-
vascular diseases and mortality' . Other risk factors, including
smoking, high blood pressure, abnormal cholesterol levels and
obesity, can increase the risk of cardiovascular diseases and
mortality in patients with type 2 diabetes’.
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resulting in various impairments. The percentage of patients
with diabetes who reported vision impairment and hearing
impairment were 5-17%"° and 21%’, respectively, in previous
epidemiological studies. Vision impairment is largely associated
with diabetic retinopathy, a well-established microvascular com-
plication of diabetes'®'!. Hearing impairment is a less-
established complication, which might be caused by
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microvascular and neuropathic complications of the inner
ear”'” ', These sensory impairments might not only indicate
poor vascular health, but also have a negative impact on dia-
betes control and other morbidities leading to cardiovascular
diseases and higher mortality in patients with diabetes'> .

Although diabetic retinopathy, one of the main causes of
vision impairment in patients with diabetes, has been associated
with high cardiovascular diseases and mortality'> "', only lim-
ited data are available on the role of vision impairment as a
risk factor for cardiovascular diseases and mortality in patients
with diabetes'"'®, Furthermore, there are no reports on the
impact of hearing impairment or the combination of vision
and hearing impairments on these outcomes.

Therefore, in the present study, a nationwide cohort of
patients with type 2 diabetes was established to investigate the
impact of vision and hearing impairments on the risk of
myocardial infarction (MI), stroke and all-cause mortality.

METHODS

Data source

The present population-based cohort study was based on the
Korean National Health Information Database (KNHID) col-
lected by the Korean National Health Insurance Service
(KNHIS). The KNHIS requires all nationals to enroll in the
system and covers 97% of the Korean population. The KNHID
includes comprehensive health-related information: demograph-
ics (anonymized code for each individual, age, sex, socioeco-
nomic variables, household income level etc.) and medical data
based on medical claims (diagnostic codes by the International
Classification of Diseases 10th revision [ICD-10], admission
and ambulatory care, treatment procedures, and prescription
records).

KNHIS also delivers the National Health Screening Program
(NHSP) to all workplace subscribers, their dependents and to
all Koreans aged >40 years at least every 2 years™. The NHSP
includes anthropometric data, visual acuity measurement, pure-
tone audiometric testing, blood pressure (BP), basic laboratory
examinations (fasting glucose, total cholesterol etc.) and a stan-
dardized self-reporting questionnaire (medical history and
health-related lifestyle factors, including smoking habits, alcohol
consumption and physical exercise).

Korea also has a National Disability Registry (NDR), which
classifies people with disabilities into several graded groups
based on medical criteria. The National Pension Service reviews
the medical records from certified ophthalmologists or otolo-
gists before registering a patient in the NDR. In the NDR,
visual disability is classified into six grades depending on the
visual acuity and visual field (Table S1). Hearing disability is
also categorized into six grades (Table S2)*'.

All-cause mortality data were extracted from the Korean
National Statistical Office. This study was approved by the
institutional review board of the Yeouido St. Mary’s Hospital,
Seoul, Korea (SC20ZESI0142), which waived consent from indi-
vidual patients, because we used publicly open and anonymized

http://wileyonlinelibrary.com/journal/jdi

data. Our research adhered to the tenets of the Declaration of
Helsinki.

Study population and definitions

In the study, we screened 926,648 people with type 2 diabetes
who had undergone NHSP examination in 2009 (index date;
Figure 1). Participants with a history of MI or stroke, defined
as those who had claims data with ICD-10 codes for MI (121,
122) or stroke (163, 164) between 1 January 2002 and 31
December 2008 were excluded. The study participants were fol-
lowed until 31 December 2018.

Type 2 diabetes was defined as the following: (i) at least one
claim per year with E11-E14 (ICD-10 codes) and at least one
claim per year with prescription for antidiabetic medication
(sulfonylureas, metformin, meglitinides, thiazolidinediones,
dipeptidyl peptidase-4 inhibitors, o-glucosidase inhibitors or
insulin); or (ii) a fasting glucose level >126 mg/dL****. Diabetic
retinopathy was defined using the ICD-10 code (H360) in
patients with type 2 diabetes.

Vision impairment was defined as having any grade of visual
disability classification in the NDR or visual acuity worse than
20/40 in both eyes. Hearing impairment was defined as having
any grade of hearing disability classification in the NDR or
impaired hearing (pure-tone average >40 dB) on pure-tone
audiometric testing in at least one ear.

The end-points of the present study were newly diagnosed
M]I, stroke or all-cause mortality, whichever came first. MI was
defined using ICD-10 codes (121 or 122) during hospitalization
or these codes being claimed at least twice. Stroke was defined
using ICD-10 codes (I63 or 164) during hospitalization with
claims for brain magnetic resonance imaging or brain com-
puted tomography**.

Smoking habit was categorized as non-smoker, ex-smoker or
current smoker. Alcohol drinking was classified into no alcohol,
mild alcohol (<30 g per day) or heavy alcohol (=30 g per day).
An annual household income level in the lower 25% was
defined as low income. Regular exercise was defined as carrying
out moderate physical activity for >30 min, five or more times
a week or strenuous physical activity for >20 min, three or
more times a week. Participants’ body mass index (BMI) was
calculated as weight (kg) divided by the square of height (m?).
Systolic and diastolic BP were measured in a seated position
after >5 min rest. Serum glucose and total cholesterol levels
were measured with blood samples collected after an overnight
fasting.

Comorbidities were defined based on the combination of
KNHID claims data within 1 year before the index date and
NHSP results. Hypertension was defined as ICD-10 code for
hypertension (I10-113 and I15) and at least one prescription
for antihypertensive medication per year, or as systolic BP
>140 mmHg or diastolic BP >90 mmHg. Dyslipidemia was
defined as at least one prescription claim of lipid-lowering med-
ications per year under the ICD-10 code for dyslipidemia (E78)
or as serum total cholesterol level >240 mg/dL.
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Screening program provide by the Korean
National Health Insurance Service in 2009

9,548,939 subjects who underwent National Health

926,648 subjects who had type 2 diabetes

Exclusion

Age < 30 years (n=12,405)
History of myocardial infraction at baseline (n=36,335)
History of stroke at baseline (n=85,127)

Missing variables (n=21,653)

771,128 subjects included in the final analyses

Figure 1 | Selection of study patients.

Statistical analysis
The baseline characteristics of the study participants were com-
pared using aNova for continuous variables and y*-test for cate-
gorical variables. The incidence rate of study outcomes was
calculated by dividing the number of events by 1,000 person-
years. Cox proportional hazards regression models were used to
examine the association between vision and hearing impair-
ments, and the hazard ratios (HR) and 95% confidence inter-
vals (CI) of study outcomes before and after adjusting for
potential confounding factors. A fully-adjusted model included
age, sex, income, hypertension, dyslipidemia, diabetic retinopa-
thy, smoking, alcohol, regular exercise, BMI, insulin use, num-
ber of oral antidiabetic medication, fasting glucose level,
diabetes duration, aspirin, warfarin and P2Y12 inhibitors. The
Kaplan—Meier curves were used to calculate the incidence prob-
ability of MI, stroke and death, and log-rank tests were carried
out to investigate the differences in the effect of vision/hearing
impairments on cardiovascular outcomes and death. We also
carried out subgroup analyses of age, sex and the presence of
diabetic retinopathy.

We used SAS (version 9.4; SAS Institute, Cary, NC, USA)
for all statistical analyses, with P-values <0.05 considered signifi-
cant.

RESULTS

Baseline characteristics of the study population

A total of 771,128 patients were included in the study (Fig-
ure 1). Table 1 shows the baseline characteristics of the study
population based on the combination of vision and hearing
impairments. The proportion of current smokers and heavy
drinkers were highest in the vision impairment(—)/hearing

impairment(—) group. Total cholesterol, BMI and glucose were
lower in the impairment groups. The proportions of insulin use
and oral hypoglycemic medications were greater in those with
vision and/or hearing impairments.

The incidence and risk of MI, stroke, and all-cause mortality
significantly increased in those with vision and/or hearing
impairments (Table 2 and Figure 2). The HRs of the vision
impairment(+)/hearing impairment(+) group were 2.497 (95%
CI 2.300-2.711) for MI, 2.921 (95% CI 2.742-3.112) for stroke
and 4.556 (95% CI 4.393-4.725) for all-cause mortality when
compared with those of the vision impairment(—)/hearing
impairment(—) group. After adjusting for confounding factors,
the adjusted HRs were 1.362 (95% CI 1.252-1.481), 1.286 (95%
CI 1.198-1.381) and 1.591 (95% CI 1.532-1.651) for MI, stroke
and all-cause mortality, respectively. The vision impairment(+)/-
hearing impairment(—) group showed greater HRs compared
with the vision impairment(—)/hearing impairment(+) group
for all outcomes before and after adjusting for confounding
variables.

Table 3 shows the comparison of the adjusted HRs (95%
CIs) of study outcomes in subgroups. The association between
vision/hearing impairments and risk of stroke and all-cause
mortality was more prominent in the younger (<65 years) age
group (P for interaction <0.0001 for both). A more detailed
subgroup analysis after stratification into age decades also
showed similar results (Table S3). The association between
vision/hearing impairments and risk of MI was stronger in
men (P for interaction <0.0001), whereas the association
between vision/hearing impairments and risk of all-cause mor-
tality was stronger in women (P for interaction <0.0001). The
risk of MI, stroke and mortality was greater in those with
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Table 1 | Baseline characteristics of the study population based on the combination of vision and hearing impairments

http://wileyonlinelibrary.com/journal/jdi

Vision impairment

(=) Hearing
impairment (-)

Vision impairment

Vision impairment

Vision impairment

n
Age (years)
Sex (male)
Smoking
Non
Ex
Current
Alcohol drinking
No
Mild
Heavy
Income (lowest quartile)
Regular exercise
Insulin
Diabetic retinopathy
No. oral hypoglycemic medications
0
1
2
>3
Total cholesterol (mg/dL)
Body mass index (kg/m?)
Fasting glucose (mg/dL)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Diabetes duration, >5 years
Hypertension
Dyslipidemia
Aspirin
Warfarin
P2Y12 inhibitors

658,223
5539+ 111
428789 (65.14)

343,344 (52.16)
125,268 (19.03)
189611 (2881)

349,081 (53.03)
235974 (35.85)
73,168 (11.12)
145,065 (22.04)
147,817 (2246)
45,206 (6.87)
50839 (7.72)

290452 (44.13)
104,098 (15.82)
166,015 (25.22)
97,658 (14.84)
19937 + 4833
2508 £ 329
148.19 + 4947
12897 + 1568
7946 £ 1022
197,269 (2997
366,367 (55.66
258287 (39.24
162,844 (24.74
2,238 (0.34)
13,099 (1.99)

=2 2L

(-) Hearing (+) Hearing (+) Hearing
impairment (+) impairment (=) impairment (+)
43,671 60514 8,720
6299 = 1026 6449 £ 11.13 7039 £ 923 <0.0001
27,265 (6243) 24521 (4052) 3,556 (40.78) <0.0001
<0.0001
25,182 (57.66) 43649 (72.13) 6,392 (733)
8,804 (20.16) 7355 (12.15) 1,142 (13.1)
9,685 (22.18) 9510 (15.72) 1,186 (136)
<0.0001
26,604 (6092) 44114 (729) 6,672 (7651)
13,087 (2997) 12,538 (20.72) 1,540 (17.66)
3980 (9.11) 3,862 (6.38) 508 (5.83)
9,150 (20.95) 13,514 (22.33) 1,826 (2094) <0.0001
9,865 (22.59) 11,302 (1868) 1432 (1642) <0.0001
3,945 (9.03) 7,643 (1263) 1,188 (1362) <0.0001
4,110 (941) 8397 (13.8%8) 1,067 (12.24) <0.0001
<0.0001
15,790 (36.16) 20,157 (33.31) 2,803 (32.14)
8,244 (1888) 11,019 (1821) 1,722 (19.75)
12,345 (2827) 17,237 (2848) 2467 (28.29)
7292 (16.7) 12,101 (20) 1,728 (19.82)
19529 + 4272 198.15 + 4741 19498 + 4535 <0.0001
2465 = 321 2462 + 346 24.1 £ 341 <0.0001
14353 + 4736 14607 £ 5364 14233 £ 5187 <0.0001
129.12 + 1606 13068 + 1683 13003 + 17.01 <0.0001
7803 £ 1024 7872 £ 1047 7732 £ 1045 <0.0001
16,206 (37.11) 25/156 41.57) 3,763 (43.15) <0.0001
27,683 (63.39) 8 (68.08) 6,207 (71.18) <0.0001
16,888 (3867) 24,744 (4089 3,205 (36.76) <0.0001
13,263 (30.37) 19,135 (31.62) 2987 (34.26) <0.0001
249 (0.57) 345 (057) 56 (0.64) <0.0001
1,288 (2.95) 1,809 (299) 253 (29) <0.0001

BP, blood pressure.

diabetic retinopathy compared with those without (P for inter-
action <0.0001, 0.017 and <0.0001, respectively).

DISCUSSION
In the present nationwide longitudinal study, vision impairment
and hearing impairment were associated with increased risks of
MI, stroke and all-cause mortality in patients with type 2 dia-
betes. Patients with both vision and hearing impairments had
the highest risk for MI and mortality. Those with only vision
impairment showed higher cardiovascular risk and mortality
compared with those with only hearing impairment. The pre-
sent findings suggest that vision and hearing impairments are
independently and synergistically important risk factors for
adverse cardiovascular events and mortality in patients with
type 2 diabetes.

To the best of our knowledge, there are no previous studies
on cardiovascular diseases and mortality in diabetes patients
with vision and hearing impairments. There are some possible

explanations underlying the association between vision and
hearing impairments and adverse cardiovascular outcomes and
mortality. Vision and hearing impairments might reflect vascu-
lar health'”. Vision impairment in patients with diabetes is lar-
gely associated with diabetic retinopathy'. Diabetic retinopathy,
one of the main causes of vision impairment, has been associ-
ated with high cardiovascular diseases and mortality in patients
with diabetes'> "', Rajala et al."” reported higher cardiovascu-
lar disease mortality in patients with vision impairment due to
diabetic retinopathy. Juutilainen et al." also reported that pro-
liferative diabetic retinopathy was an independent risk factor
for cardiovascular mortality in type 2 diabetes. Others reported
that retinopathy predicts cardiovascular diseases in these
patients, which suggests similar pathophysiology related to
widespread vascular damage'®"”.

However, the present results cannot be explained only by
diabetic retinopathy, because the risks of cardiovascular out-
comes and mortality in patients with or without diabetic
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Vision/hearing impairments vs Myocardial infarction

Vision/hearing impairments vs Stroke
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Vision/hearing impairments vs Death
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Figure 2 | Kaplan—Meier curves for the incidence probability of myocardial infarction, stroke and death according to vision/hearing impairments. Hi,

hearing impairment; VI, vision impairment.

retinopathy showed that vision impairment was still a risk fac-
tor for these adverse outcomes, even in patients without dia-
betic retinopathy. Siersma et al.'® also found higher mortality
in diabetes patients with vision impairment. In their study, dia-
betes patients with vision impairment were more likely to have
cardiovascular disease, fractures, poor lifestyle behaviors, hyper-
tension and peripheral neuropathy compared with diabetes
patients with normal vision. In addition, we found that in
patients with diabetic retinopathy, those with vision and hear-
ing impairments had a lower HR for cardiovascular outcomes
than those with only vision impairment. However, the HR for
death was the highest in patients with vision and hearing
impairments. The reason for this remains unclear and warrants
further research.

Hearing loss is a less-established complication of diabetes,
which might be caused by microvascular and neuropathic com-
plications of the inner ear”'* ', Hearing impairment was asso-
ciated with albuminuria, a higher level of the albumin-to-
creatinine ratio and a lower level of the estimated glomerular
filtration rate in patients with diabetes in previous studies***’.
Although the risk of cardiovascular diseases and mortality with
hearing loss has not been reported in patients with diabetes,
hearing loss has been associated with increased cardiovascular
diseases in the general population®*”. In a study by Sorrel
et al”’, sensorineural hearing loss was associated with a high
stroke risk. The incidence of hearing loss was greater in those
with greater cardiovascular risk factors.

Vision and hearing impairments might also have a negative
impact on a person’s ability to control diabetes and its compli-
cations: exercising, preparing healthy meals, taking insulin and
medications, access to healthcare services, communicating with
healthcare providers, and more’>”. In the present study,
patients with vision or hearing impairments showed higher sys-
tolic BP, but lower total cholesterol, BMI, fasting glucose and

diastolic BP, so the present results cannot be explained by dia-
betes control alone. The sensory deprivation might also lead to
other morbidities, such as depression, cognitive decline, social
isolation, falls, fractures and accidents, which in turn might
contribute to the risk of cardiovascular diseases and death® ",

The use of objective measures of visual and hearing functions
was a strength of the present study. In addition, the use of a
nationwide longitudinal database, which includes almost all
patients aged >40 years with diabetes, minimizes selection bias,
resulting in more generalizability. Nevertheless, there were also
limitations. First, because type 2 diabetes was defined based on
ICD-10 codes or one measurement of fasting glucose level, the
possibility of misclassification exists due to inclusion of other
types of diabetes. Second, due to the characteristics of the data-
base, information regarding the severity of diabetes or
vision/hearing impairments was not included in the analyses.
Although ICD-10 code or NDR was determined by a medical
doctor, the severity of diseases could range widely. Also, the
duration of vision/hearing impairments, which could affect car-
diovascular outcomes and death, could not be accounted for.
Furthermore, we did not take into consideration the causes of
vision/hearing impairments. We attempted to mitigate this by
subgroup analyses and multivariate analyses.

In conclusion, the present nationwide, population-based lon-
gitudinal study found that vision impairment and hearing
impairment were independently associated with increased risks
of MI, stroke and all-cause mortality in patients with type 2
diabetes. In addition, vision and hearing impairments synergis-
tically increased the risk of MI and all-cause mortality, but not
stroke. Furthermore, in patients aged <65 years, the HR of
vision impairment was higher than those with vision and hear-
ing impairments. The present findings suggest the importance
of ophthalmologic and otologic care in patients with type 2 dia-
betes.
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Table S1 | Visual disability classification.
Table S2 | Hearing disability classification.

Table S3 | Subgroup analyses of risk of myocardial infarction, stroke and death in patients with type 2 diabetes with or without
vision and hearing impairments after stratification into age decades.
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