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Risk of allergic diseases in age-related macular degeneration:
A nationwide cohort study in South Korea
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Abstract

Background: Premorbid allergic diseases are linked with the development of age-related macular degeneration (AMD),
however, the risk of allergic diseases among patients with AMD is largely unknown.

Objective: To evaluate the association between AMD with or without visual disability (VD) and the risk of allergic
diseases.

Methods: A total of 2,744,372 Individuals 50 years or older participated in the Korean National Health Screening
Program in 2009 were categorized by presence of AMD and VD. Patients were followed until December 2019, and the
prospective association of AMD and related VD with incident allergic diseases cases identified during the study period
was investigated using the multivariable-adjusted Cox proportional hazard model.

Results: During an average follow-up period of 5.87 years, 1,783,370 individuals were diagnosed with allergic diseases.
Moreover, an increased risk of allergic diseases was observed in the group of individuals with AMD as compared to
the control group (adjusted HR [aHR], 1.13; 95%CI, 1.11-1.14). The risk of atopic dermatitis or allergic rhinitis was
more profound than that of asthma (aHR 1.12 [95%CI 1.07-1.18], aHR 1.13 [95%CI 1.11-1.14], and aHR 1.06 [95%CI
1.04-1.09], respectively). Furthermore, patients affected by AMD with VD were at an increased risk of atopic dermatitis
(aHR 1.32, 95%CI 1.12-1.56) than those without VD (aHR 1.11, 95%CI 1.05-1.16) when compared with those in the
control group.

Conclusion: AMD is associated with an increased risk of developing allergic diseases. Further investigations are
required to elucidate the underlying mechanisms.

Key words: Nationwide cohort, atopic dermatitis, allergic rhinitis, asthma, age-related macular degeneration, visual
disability
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Introduction

Age-related macular degeneration (AMD) is a major
cause of blindness in older adults. The global prevalence of
AMD is 8.7%. Moreover, it is estimated that the number of
patients with AMD will increase to 288 million by 2040." In
the United States (US), approximately 11 million individuals
are estimated to have AMD.> Meanwhile, in South Korea,
the overall prevalence of AMD was estimated at 7.4% among
individuals aged > 40 years and 18.7% in those aged > 65
years.” AMD can pose a threat to public health and add to
socioeconomic burden as the associated visual disability
(VD) can lead to significant functional loss, reduced quality of
life, and depression."

Allergic  diseases are characterized by chronic
inflammation affecting organs, including the eyes, nose,
bronchi, and skin resulting from allergens. Allergic disease
afflicts an estimated 10-30% of the US population* and is
considered the most common chronic disease when combined
with comorbid conditions.” Owing to the high prevalence of
allergic diseases, there is a significant economic burden on the
health care system and society.®

Although the pathogenesis of AMD is largely
ambiguous, the involvement of the complement system in
the pathogenesis of both AMD”® and allergic diseases®'?
has been reported. Therefore, the two diseases may share
common inflammatory pathways. However, few studies
have investigated the association between AMD and allergic
diseases. Some studies that mainly focused on asthma and
various respiratory diseases reported conflicting results.”*¢
Two epidemiological studies investigating the association
between allergy and AMD in Germany and the
Netherlands'” and Taiwan'® also showed conflicting outcomes
(Supplemental Table 1). Moreover, the risk of allergic
diseases among patients with AMD has not been reported,
and VD has not been considered.

Thus, in the study, we used the data from national
registry representative of the entire South Korean population
to investigate the association between the risk of allergic
diseases in patients according to VD.

Materials and Methods
Data source

We used data from the National Health Insurance
System (NHIS) database of South Korea. As it is mandatory
for individuals born in South Korea to be registered in
the NHI Program, the NHIS database includes more than
50 million individuals, covering approximately 97% of
the South Korean population. Moreover, the database
contains reimbursement claims submitted by hospitals and
clinics, consists of beneficiaries’ demographics, medications,
procedures, and disease diagnoses coded according to the
International Classification of Disease (ICD), 10* revision."

Furthermore, the NHIS database also covers biennial
national health examination information, which provides
results for laboratory tests (fasting serum glucose, total
cholesterol, triglyceride, high-density lipoprotein, low-density
lipoprotein  cholesterol, and serum creatinine levels);
anthropometric measurements (weight, height, and waist
circumference); blood pressure reading; and answers to the
self-reported questionnaires on lifestyle choices, including
smoking, drinking, and exercise habits.*® Healthcare
providers participating in national health examinations
should receive regular certification from the NHIS for
quality control. Moreover, the participation rate in the
health examinations is currently 70% to 80%. The cohort
profile has been described in detail in previous studies.”** In
this study, the NHIS database was available from 2002 and
onwards.

This study adhered to the Declaration of Helsinki, and the
study protocol was reviewed and approved by the Statistical
Analysis Institutional Review Board (IRB) and Samsung
Medical Center (IRB no. 2022-03-060). The Deliberative
Committee of the NHIS approved the use of this database for
this study.

Study population

A total of 4,470,729 individuals who were 50 vyears
or older were included in the study and underwent the
national health examination in 2009. We excluded those
with (1) incomplete data (n = 250,392) or (2) diagnosed with
allergic diseases (atopic dermatitis [AD], allergic rhinitis
[AR], and asthma) before the health examination date
(n = 1,475965). Ultimately, 2,744,372 individuals were
included in the study (Figure 1). Among all included
individuals, those who had no diagnosis of AMD were
classified into the control group.

Definitions of age-related macular degeneration and visual
disability

AMD was defined using the ICD-10 code (H353)
provided by an ophthalmologist within a year before the
health examination date. The definition was also adopted
in a previous study on AMD.Z** To define VD, we
used the national disability registration system of South
Korea, which was adopted in 1988, to determine
welfare benefits depending on disability type and severity.”
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Those who were 50 years or older and participated in national health examination
in the period from January 1, 2009, to December 31, 2009 (N = 4,470,729)
»  Those who had incomplete data (n = 250,392)
\J
4,220,337 individuals
| Those who had allergic disease before the
"1 health examination date (n = 250,392)
\4
A total of 2,744,372 in the final study cohort
Figure 1. Research cohort.
To be registered on the national disability registration system Smoking behavior was categorized as “none;” “ex;” and

as a patient with VD, a disability diagnosis based on defined
criteria. made by an ophthalmologist must be submitted
(Supplemental Table 2).

Study outcomes

Primary outcomes included the diagnosis of AD, AR,
and asthma during follow-up. In the study, we identified all
individuals with allergic diseases using the diagnostic
codes for AD (L20), AR (J301-304), or asthma (J45-46)
with three or more repeated hospital visits per year. The
operational definition was adopted from previous studies.***
Moreover, the study cohort was tracked from the baseline
health examination in 2009, until a newly diagnosed
allergic condition during the study period, death, censoring
(outmigration), or December 31, 2019, whichever occurred
first.

Covariates

Several variables included as covariates in the
statistical analyses were found to be associated with each
aforementioned allergic disease in previous studies as follows:
hypertension,”*  diabetes  mellitus,***  dyslipidemia,*~*°
alcohol consumption,”*** physical activity,”®* and the
Charlson comorbidity index (CCI).” Diabetes mellitus was
defined using ICD-10 codes (E10-E14) with a prescription
of at least one antidiabetic medication or a fasting blood
glucose level of 126 mg/dL. Hypertension was defined as
any of the following: systolic blood pressure > 140 mmHg,
diastolic blood pressure > 90 mmHg, or treatment with an
antihypertensive medication that was linked to the arterial
hypertension ICD-10 codes (I10-113 and I15) and resulted
in at least one claim in a year. Moreover, dyslipidemia was
defined using the ICD-10 code (E78) with at least one
prescription of a lipid-lowering drug or a total cholesterol
level of 240 mg/dL or more.

“current”. Individuals who replied in affirmative that “Yes,
I am currently smoking” were considered current smokers.
However, individuals who responded “no” to the question
of current smoking and “yes” to the question “Have you
smoked at least 100 cigarettes, five packs, throughout your
entire life?” were considered ex-smokers. Participants were
inquired about their weekly alcohol consumption, which
was calculated by multiplying the frequency of alcohol
consumption with the amount of alcohol consumed per
occasion. Furthermore, alcohol consumption was classified
into four categories: 1) none, 2) light drinkers (less than
15 g/day on average), 3) moderate drinkers (> 15 g/day but
less than 30 g/day), and 4) heavy drinkers (> 30 g/day)."!
Regular exercise was defined as strenuous physical activity
performed at least five times a week for a minimum of 30
min. The body mass index was determined by dividing the
weight in kilograms by the square of the height in meters
(kg/m?), whereas abdominal obesity was defined as > 90 cm
for men and > 85 cm for women according to the Korean
Society for the Study of Obesity.*? The CCI has been
widely adopted as an indicator of composite health status.
To calculate CCI, 19 diseases (congestive heart failure,
myocardial infarction, peripheral vascular disease, dementia,
cerebrovascular disease, connective tissue disease, chronic
lung disease, ulcer, chronic liver disease, diabetes, moderate
or severe kidney disease, hemiplegia, diabetes with end-organ
damage, leukemia, lymphoma, tumor, moderate or severe
liver disease, malignant tumor, metastasis, and acquired
immunodeficiency syndrome) are included in the index, and
each condition is assigned a point from 1 to 6. The points are
then summed to produce the index. In the study, the CCI was
calculated using ICD-10 codes.*>*
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Statistical analysis

For descriptive statistics, continuous and categorical
variables are presented as means + standard deviation
and number (percentage). Differences between the groups
(non-AMD vs. AMD and AMD without VD vs. AMD with
VD) were analyzed using independent t-test for continuous
variables and X* test or the Fisher’s exact test for categorical
variables. The Cox proportional hazards analysis was
performed to evaluate the risk of AD, AR, and asthma
associated with the presence of AMD and VD, and
hazard ratios (HRs) and 95% confidence intervals (CIs) were
calculated. Stratified analyses were performed according
to age; sex; and comorbidities (diabetes, hypertension, or
dyslipidemia). Moreover, P-values for the interactions
between variables were also evaluated. Forest plots for HRs
and 95% CIs by subgroup were established. All statistical
analyses were performed using the SAS statistical package
version 9.4 (SAS Institute Inc., Cary, NC, USA), and a value
of p < 0.05 was considered statistically significant.

Results
Baseline characteristics

Of the 2,744,372 individuals, 29,166 (1.06%) had AMD
at the time of health examination. Compared to individuals
without AMD, those with AMD were more likely to be
women; older; with lower income; rural inhabitants;
non-smokers; non-drinkers; and diagnosed with
hypertension, diabetes, or dyslipidemia with statistical
significance (Table 1).

Of the 29,166 individuals with AMD, 2,135 (7.31%)
also had associated VD at the time of health examination.
Individuals suffering from AMD with VD were more
likely to be men, older, urban inhabitants, with higher
income, non-smokers, non-drinkers, and diagnosed with
hypertension and diabetes with statistical significance than
those without VD (Supplemental Table 3).

Table 1. Baseline characteristics between individuals with/without age-related macular degeneration.

Variables AMD Absent (n = 2,715,206) AMD Present (n = 29,166) p value

Sex (male) 1,412,041 (52.0) 12,963 (44.5) <0.01
Age (year) 60.1 +8.2 66.8+8.6 <0.01
Smoking <0.01

Non-smoker 1,738,170 (64.0) 21,076 (72.3)

Ex-smoker 440,109 (16.1) 4,641 (15.9)

Current Smoker 536,927 (19.8) 3,449 (11.8)
Alcohol consumption <0.01

None 1,686,168 (62.1) 21,452 (73.6)

Less than 30 g/day 829,885 (30.6) 6,424 (22.0)

More than 30 g/day 199,153 (7.3) 1,290 (4.4)
Regular exercise' 568,235 (20.9) 5,994 (20.6) 0.12
Income Low* 586,452 (21.6) 5,276 (18.1) <0.01
Place (urban) 1,210,246 (44.6) 11,788 (40.4) <0.01
Body-mass index 24.01 +£3.0 23.9+3.0 <0.01
Diabetes 401,107 (14.8) 6,504 (22.3) <0.01
Hypertension 1,200,091 (44.2) 16,864 (57.8) <0.01
Dyslipidemia 714,973 (26.3) 9,548 (32.7) <0.01
Charlson comorbidity index 1.0£1.2 1615 <0.01
Waist circumference 82.1+8.3 82.5+8.3 <0.01
Systolic blood pressure 126.7 + 16.0 1284+ 16.1 <0.01
Diastolic blood pressure 78.2+10.3 77.8 +10.1 <0.01
Fasting blood glucose 102.3 +27.9 104.4 £29.9 <0.01
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Variables AMD Absent (n = 2,715,206) AMD Present (n = 29,166)
High-density lipoprotein 55.6 +31.4 55.3 +34.0 0.13
Low-density lipoprotein 118.8+394 118.4 +40.0 0.09
Triglyceride 121.2 (121.2-121.3) 120.9 (120.4-121.5) 0.04
Glomerular filtration rate 83.2+33.6 80.3 + 344 <0.01

Abbreviations: AMD, Age-related Macular Degeneration.

Numerical continuous parameters were described as mean + standard deviation, and categorical parameters were described as total numbers (percentages).
*Individuals with income of less than the lower 20th percentile were defined as low income.
"Regular exercise was defined as strenuous physical activity performed for at least 30 minutes at least five times a week.

Incidence of AD, AR, and asthma by age-related macular
degeneration and presence of visual disability

Overall, 1,783,370 individuals (64.98%) were diagnosed
with AD, AR, or asthma. The number of patients diagnosed
with only AD, AR, and asthma was 121,853, 1,694,179, and
518,472, respectively. The cumulative incidence of AD/AR/
asthma was significantly higher in the AMD group than that
in the non-AMD group (Figure 2A). However, no difference
was found between the “AMD without VD” and “AMD with
VD” groups (Figure 2B). The cumulative incidence of each
allergic disease is shown in Supplemental Figure 1.
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In the fully adjusted model, the adjusted HR (aHR) of
incident AD/AR/asthma cases were 1.13 (95%CI, 1.11-1.14)
in the AMD group compared with the control group. When
dividing the AMD group into those with and without VD,
the aHRs of incident AD/AR/asthma cases were 1.15 (95%ClI,
1.10-1.21) and 1.12 (95%CI, 1.11-1.14) in AMD with and
without VD groups, respectively, when compared with that of
control group (Table 2). When focusing on the risk of each
allergic disease separately, the aHR of asthma in the AMD
group was 1.06 (95%CI, 1.04-1.09), which was not much
different from that of AR [1.13 (95%CI, 1.11-1.14)] and that
of AD [1.12 (95%CI 1.07-1.18)].
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Figure 2. Cumulative incidence of atopic dermatitis (AD), allergic rhinitis (AR), or asthma according to age-related macular

degeneration (AMD) with/without visual disability (VD).

Abbreviations: AD, Atopic dermatitis; AR, Allergic rhinitis; AMD, Age-related macular degeneration; VD, Visual disability.
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Stratified analyses

When stratified by sex, the risk of incident AD/AR/
asthma cases in AMD was more pronounced in men than
that in women (for interaction p < 0.01) (Supplemental
Figure 2). Moreover, when stratified by the presence of
chronic diseases (diabetes, hypertension, and dyslipidemia);
smoking status; and drinking habits, individuals without
chronic disease, past/current smoking, or mild/heavy drinking
had a more pronounced risk of AD/AR/asthma in AMD
than those without chronic disease, non-smoking, and
non-drinking (for interaction p < 0.01). When the AMD
group was divided into AMD with and without VD groups
in the stratified analysis, both groups showed a comparable
increased risk of AD/AR/asthma in male individuals,
the absence of chronic disease, past/current smoking, or
mild/heavy drinking (Supplemental Figure 3).

Discussion

In this longitudinal population-based study of nearly
30,000 patients, we found that AMD was associated with an
increased risk of allergic diseases compared to a control group
without AMD. Among the allergic diseases, the additional
increased risk when accompanied by VD was most profound
in AD. The association between AMD and allergic diseases
was more prominent when individuals were men; smokers;
drinkers; and did not have comorbidities (hypertension,
diabetes, and dyslipidemia).

Previous studies evaluating the association between
AMD and allergic diseases have mostly focused on asthma.
In China, Sun et al.”® reported that odds ratio (OR) of
asthma in neovascular AMD patients was 1.72 (95%CI
1.07-2.76), whereas in the US, Lynch et al.'® also established
a relationship between AMD and asthma (OR 2.34, 95%CI
1.22-4.46). However, Moorthy et al'* determined no
association exists between AMD and asthma in US
patients (OR 1.06, 95%CI 0.86-1.27), and Ristau et al.”
even discovered a protective effect of allergy in cases of
AMD from German and Dutch population (OR 0.75 in
German and OR 0.76 in Dutch populations, respectively).
After these conflicting results, Shen et al.'® recently reported
that AMD is significantly associated with premorbid allergic
diseases (OR 1.54, 95%CI 1.47-1.61) using the largest
cohort (10,911 AMD participants). All the aforementioned
studies are cross-sectional studies, and the only longitudinal
study that showed no significance in the cumulative
incidence or progression of AMD among US patients with
asthma was conducted by Klein et al.”® However, the number
of participants included in the particular study was
relatively small. Additionally, previous studies have reported
an increased risk of AMD in patients with allergic diseases.

In the longitudinal study, we reported an increased risk
of allergic diseases in patients with AMD using a nationwide
cohort. Among allergic diseases, AD and AR showed
a similar increase in risk, while the risk of asthma was
comparatively lower. The relatively weak association between
AMD and asthma may be related to the conflicting results
from previous studies conducted on asthmatic patients.
Furthermore, in the Taiwanese study,' allergic conjunctivitis

(OR 2.07, 95%CI 1.94-2.20) and AR (OR 1.32, 95%CI
1.25-1.39) showed an association with AMD, but asthma
itself did not demonstrate a significant association.
Interestingly, contrary to this study, there was no significant
association of AMD with AD itself.

Limited literature confirms the association between AMD,
and development of allergic diseases as investigations on
allergic diseases among patients with AMD are insufficient.
AMD and allergic diseases are multifactorial processes linked
by a complex combination of hereditary and environmental
factors. However, there are still shared features between the
two diseases, and we can hypothesize about the underlying
mechanisms based on the pathophysiology of the two
diseases.

The complement system plays a complex role in the
pathogeneses of AMD and allergic diseases. Recent studies
have generated significant interest in the inflammatory
underpinnings of AMD pathogenesis.*® The variation
of complement factor H (CFH) gene is one of the most
popular genetic risk factors in AMD,* and the impairment
of complement inhibitory activity by CFH contributes
to AMD pathogenesis. Other confirmed genes in the
complement pathway of AMD also include C2, CFB, C3
and CFL** Allergy is an immune-mediated inflammatory
response that frequently results in allergic diseases. The
complement system plays numerous proinflammatory and
immunoregulatory roles in the initiation and regulation
of allergic immune responses. Several studies have
demonstrated the relationship between the complement
system with asthma,®* AR, and AD.® Interestingly,
among the complement-related genes associated with AMD,
C2 and CFB genes also have been implicated in pollen
allergic sensitization.” The involvement of C2 and CFB in
both AMD and allergic sensitization suggests a potential
shared genetic susceptibility between these conditions, despite
their different pathophysiological contexts.

Recent evidence shows elevated plasma levels of IL-4,
IL-5, and IL-13 in AMD patients.”>> These type 2 immune
response cytokines are key mediators in allergic diseases,
suggesting a potential mechanistic link between AMD
and allergic conditions. Future studies should investigate
these cytokines in AMD patients with and without allergic
conditions.

Another possible mechanism involves various common
risk factors of the two diseases. Firstly, smoking is a strong
and consistent risk factor for AMD,** with reports suggesting
that it may affect the epithelial barrier associated with
elevated level of total IgE. Moreover, active smoking may
increase the risk of sensitization to allergens, asthma, AR, and
AD.>>%7 Secondly, dietary changes, such as decreased fruits
and vegetables, which may affect gut microbiota and related
metabolites have been linked to the increased prevalence of
atopic disorders.””** Similarly, in AMD, a diet rich in healthy
nutrient-rich foods, such as fruits, vegetables, legumes, and
fish, was associated with a 41% reduced risk of advanced
AMD.® Lastly, obesity is a systemic risk factor of both
AMD® and asthma.®> Obesity can also result in decreased
immunological tolerance to allergens.*
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Interestingly, the risk of AD was higher in AMD
patients with VD than in those without VD, whereas the
risk of AR or asthma is not. It is not surprising that these
differences exist among allergic diseases because of their
various clinical phenotypes based on factors related to their
pathogenesis, such as genetic, epigenetic, and environmental
factors.** Furthermore, while AMD is a major cause of visual
impairment, the limitations of our dataset prevented us
from confirming that AMD was the sole cause of VD in
all participants classified as AMD with VD. A subset of
individuals may have had VD from other ophthalmic
conditions. However, our results demonstrate that the
presence of VD in AMD patients, regardless of its specific
etiology, is associated with an additional increased risk of
AD development. Future studies with more detailed clinical
data could help elucidate the specific relationship between
AMD-induced VD and allergic disease risk.

A strength of this study was the use of a nationwide
population-based dataset that provides a sufficient sample
size and statistical power to explore the association between
AMD with or without VD and allergic diseases. However,
the study had some limitations. First, since patients with
non-advanced AMD are generally asymptomatic, a number
of patients with AMD might have been misdiagnosed and
included in the control group. AMD is associated with the
development of allergic diseases, which could result in the
null hypothesis. Therefore, the actual association between
AMD and allergic diseases may be much stronger than
the results of the current study. Second, owing to the
difficulty in detecting allergic diseases with diagnostic
codes and difficulties faced in accessing healthcare,
particularly in AMD patients with VD, allergic diseases
might go undiagnosed. Third, the results obtained from the
study should be carefully applied to other ethnicities, as this
cohort mainly consisted of Koreans. Fourth, our access to
diagnostic codes is limited to records from 2002 onwards.
Consequently, we are unable to distinguish between
individuals diagnosed with allergic conditions prior to 2002
who may not have reported symptoms between 2002 and
2009, and those who developed new allergic conditions after
2009. This limitation may impact our ability to accurately
determine the incidence of new allergic conditions in our
study population, potentially including some relapsed cases
in our incident cases group. Finally, along with the potential
misclassification bias described above, the limitations of the
study also included unmeasured confounding factors, missing
data, and changing eligibility over time.

In conclusion, this study revealed that patients with
AMD were more likely to develop allergic diseases, including
AD, AR, and asthma. Furthermore, the presence of VD in
patients with AMD further increases their risk of developing
AD. The findings suggest that the pathogeneses of AMD
and other allergic diseases may overlap. Additionally, the
modification of systemic risk factors in patients with AMD
may help reduce the risk of disease progression and allergic
disease development.

Funding

The work was supported by the National Research
Foundation of Korea, and the grant was provided by the
Korean government Ministry of Education (NRF-2021R1Cl1
C1007795; Seoul, Korea), received through D.H.L. Moreover,
the research was partially supported by a grant from the
Korea Health Technology R&D Project through the Korea
Health Industry Development Institute (KHIDI), funded by
the Ministry of Health and Welfare, Republic of Korea (grant
number: HI20C1073). The funding organizations had no role
in the design or conduct of the study.

Conflict of interest
The authors declare that they have no relevant conflicts of
interest.

Data availability statement
The data supporting the findings of this study are available
from the corresponding authors upon request.

References

1. Wong WL, Su X, Li X, Cheung CM, Klein R, Cheng CY, Wong TY.
Global prevalence of age-related macular degeneration and disease
burden projection for 2020 and 2040: a systematic review and
meta-analysis. Lancet Glob Health. 2014;2:e106-16.

2. Schmier JK, Covert DW, Lau EC. Patterns and costs associated with
progression of age-related macular degeneration. Am ] Ophthalmol.
2012;154:675-81 el.

3. Cho BJ, Heo JW, Kim TW, Ahn ], Chung H. Prevalence and risk factors
of age-related macular degeneration in Korea: the Korea National Health
and Nutrition Examination Survey 2010-2011. Invest Ophthalmol Vis
Sci. 2014;55:1101-8.

4. Pawankar R. Allergic diseases and asthma: a global public health concern
and a call to action. World Allergy Organ J. 2014;7:12.

5. National Center for Health Statistics. Prevalence of Selected Chronic
Conditions. Hyattsville (MD): National Center for Health Statistics; 1994.

6. Ebert CS, Jr., Pillsbury HC, 3rd. Epidemiology of allergy. Otolaryngol
Clin North Am. 2011;44:537-48, vii.

7. Despriet DD, van Duijn CM, Oostra BA, Uitterlinden AG, Hofman A,
Wright AE et al. Complement component C3 and risk of age-related
macular degeneration. Ophthalmology. 2009;116:474-80 e2.

8. Lim LS, Mitchell P, Seddon JM, Holz FG, Wong TY. Age-related macular
degeneration. Lancet. 2012;379:1728-38.

9. Wills-Karp M, Koehl J. New insights into the role of the complement
pathway in allergy and asthma. Curr Allergy Asthma Rep. 2005;5:362-9.

10. Laumonnier Y, Schmudde I, Kohl J. The role of complement in the
diagnosis and management of allergic rhinitis and allergic asthma. Curr
Allergy Asthma Rep. 2011;11:122-30.

11. Zhang X, Kohl J. A complex role for complement in allergic asthma.
Expert Rev Clin Immunol. 2010;6:269-77.

12. Gerard NP, Gerard C. Complement in allergy and asthma. Curr Opin
Immunol. 2002;14:705-8.

13. Klein R, Knudtson MD, Klein BE. Pulmonary disease and age-related
macular degeneration: the Beaver Dam Eye Study. Arch Ophthalmol.
2008;126:840-6.

14. Moorthy S, Cheung N, Klein R, Shahar E, Wong TY. Are lung disease
and function related to age-related macular degeneration? Am ]
Ophthalmol. 2011;151:375-9.

15. Sun Y, Yu W, Huang L, Hou J, Gong P, Zheng Y, et al. Is asthma related to
choroidal neovascularization? PLoS One. 2012;7:e35415.

16. Lynch AM, Patnaik JL, Cathcart JN, Mathias MT, Siringo FS,
Lacey Echalier E, et al. COLORADO AGE-RELATED MACULAR
DEGENERATION REGISTRY: Design and Clinical Risk Factors of the
Cohort. Retina. 2019;39:656-63.




Age-related macular degeneration and allergic diseases / =N

APJAI

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

Ristau T, Ersoy L, Lechanteur Y, den Hollander AI, Daha MR,
Hahn M, et al. Allergy is a protective factor against age-related macular
degeneration. Invest Ophthalmol Vis Sci. 2014;55:210-4.

Shen YC, Hsia NY, Wu WH, Lin CL, Shen TC, Huang WC.
Age-related macular degeneration and premorbid allergic diseases: a
population-based case-control study. Sci Rep. 2021;11:16537.

Shin DW, Cho B, Guallar E. Korean National Health Insurance Database.
JAMA Intern Med. 2016;176:138.

Shin DW, Cho J, Park JH, Cho B. National General Health Screening
Program in Korea: history, current status, and future direction. Precis
Future Med. 2022;6:9-31.

Bahk J, Kim YY, Kang HY, Lee J, Kim I, Lee J, et al. Using the National
Health Information Database of the National Health Insurance Service
in Korea for Monitoring Mortality and Life Expectancy at National and
Local Levels. ] Korean Med Sci. 2017;32:1764-70.

Hwang S, Kang SW, Kim SJ, Han K, Kim BS, Jung W, et al. Impact of
Age-Related Macular Degeneration and Related Visual Disability on
the Risk of Depression: A Nationwide Cohort Study. Ophthalmology.
2023;130:615-23.

Jung W, Park J, Jang HR, Jeon ], Han K, Kim B, et al. Increased end-stage
renal disease risk in age-related macular degeneration: a nationwide
cohort study with 10-year follow-up. Sci Rep. 2023;13:183.

Jung W, Yoon JM, Han K, Kim B, Hwang S, Lim DH, Shin DW.
Association between Age-Related Macular Degeneration and the
Risk of Diabetes Mellitus: A Nationwide Cohort Study. Biomedicines.
2022;10:2435.

Shin DW, Lee JW, Jung JH, Han K, Kim SY, Choi KS, et al. Disparities in
Cervical Cancer Screening Among Women With Disabilities: A National
Database Study in South Korea. J Clin Oncol. 2018;36:2778-86.

Paik JS, Han K, Nam G, Park SK, Hwang HS, Chun YH, Na KS.
Increased risk of cataract surgery in patients with allergic disease:
a population based cohort study. Sci Rep. 2022;12:21258.

Han JH, Bang CH, Han K, Ryu JY, Lee JY, Park YM, Lee JH. The
Risk of Psoriasis in Patients With Allergic Diseases: A Nationwide
Population-based Cohort Study. Allergy Asthma Immunol Res. 2021;
13:638-45.

Christiansen SC, Schatz M, Yang SJ, Ngor E, Chen W, Zuraw BL.
Hypertension and Asthma: A Comorbid Relationship. J Allergy Clin
Immunol Pract. 2016;4:76-81.

Kony S, Zureik M, Neukirch C, Leynaert B, Vervloet D, Neukirch F
Rhinitis is associated with increased systolic blood pressure in men:
a population-based study. Am J Respir Crit Care Med. 2003;167:538-43.
Yousaf M, Ayasse M, Ahmed A, Gwillim EC, Janmohamed SR,
Yousaf A, et al. Association between atopic dermatitis and hypertension:
a systematic review and meta-analysis. Br ] Dermatol. 2022;186:227-35.
Lee TK, Jeon YJ, Jung SJ. Bi-directional association between allergic
rhinitis and diabetes mellitus from the national representative data of
South Korea. Sci Rep. 2021;11:4344.

Drucker AM, Qureshi AA, Dummer TJB, Parker L, Li WQ. Atopic
dermatitis and risk of hypertension, type 2 diabetes, myocardial
infarction and stroke in a cross-sectional analysis from the Canadian
Partnership for Tomorrow Project. Br ] Dermatol. 2017;177:1043-51.
Leigh JH, Park HJ, Chun SM, Min YS, Choi M. Association of Atopic
Dermatitis with Dyslipidemia in Adolescents: A Cross-Sectional Study.
Ann Dermatol. 2021;33:483-5.

Ahmed MR, Madian YT, El-Tabbakh MT, El-Serafi AT, Nasr GM,
Hessam WE Correlation between dyslipidemia and severity of allergic
rhinitis. Egypt ] Otolaryngol. 2018;34:111-5.

Pite H, Aguiar L, Morello ], Monteiro EC, Alves AC, Bourbon M,
Morais-Almeida M. Metabolic Dysfunction and Asthma: Current
Perspectives. ] Asthma Allergy. 2020;13:237-47.

Halling-Overgaard AS, Hamann CR, Holm RP, Linneberg A,
Silverberg JI, Egeberg A, Thyssen JP. Atopic dermatitis and alcohol use
- a meta-analysis and systematic review. ] Eur Acad Dermatol Venereol.
2018;32:1238-45.

Bendtsen P, Gronbaek M, Kjaer SK, Munk C, Linneberg A, Tolstrup JS.
Alcohol consumption and the risk of self-reported perennial and
seasonal allergic rhinitis in young adult women in a population-based
cohort study. Clin Exp Allergy. 2008;38:1179-85.

Silverberg JI, Song J, Pinto D, Yu SH, Gilbert AL, Dunlop DD,
Chang RW. Atopic Dermatitis Is Associated with Less Physical Activity
in US Adults. J Invest Dermatol. 2016;136:1714-6.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Lim MS, Lee CH, Sim S, Hong SK, Choi HG. Physical Activity,
Sedentary Habits, Sleep, and Obesity are Associated with Asthma,
Allergic Rhinitis, and Atopic Dermatitis in Korean Adolescents. Yonsei
Med J. 2017;58:1040-6.

Thyssen JP, Skov L, Hamann CR, Gislason GH, Egeberg A. Assessment of
major comorbidities in adults with atopic dermatitis using the Charlson
comorbidity index. ] Am Acad Dermatol. 2017;76:1088-92 el.

Yoo JE, Shin DW, Han K, Kim D, Jeong SM, Koo HY, et al
Association of the Frequency and Quantity of Alcohol Consumption
With Gastrointestinal Cancer. JAMA Netw Open. 2021;4:e2120382.

Lee SY, Park HS, Kim DJ, Han JH, Kim SM, Cho GJ, et al. Appropriate
waist circumference cutoff points for central obesity in Korean adults.
Diabetes Res Clin Pract. 2007;75:72-80.

Glasheen WP, Cordier T, Gumpina R, Haugh G, Davis J, Renda A.
Charlson Comorbidity Index: ICD-9 Update and ICD-10 Translation.
Am Health Drug Benefits. 2019;12:188-97.

Kim H, Koo H, Han E. Socioeconomic and physical health status
changes after visual impairment in Korea using difference-in-difference
estimations. Sci Rep. 2021;11:820.

Klein R, Knudtson MD, Klein BE, Wong TY, Cotch MF Liu K,
et al. Inflammation, complement factor h, and age-related macular
degeneration: the Multi-ethnic Study of Atherosclerosis. Ophthalmology.
2008;115:1742-9.

Klein RJ, Zeiss C, Chew EY, Tsai JY, Sackler RS, Haynes C, et al.
Complement factor H polymorphism in age-related macular
degeneration. Science. 2005;308:385-9.

Maller JB, Fagerness JA, Reynolds RC, Neale BM, Daly MJ, Seddon JM.
Variation in complement factor 3 is associated with risk of age-related
macular degeneration. Nat Genet. 2007;39:1200-1.

Fagerness JA, Maller JB, Neale BM, Reynolds RC, Daly MJ, Seddon JM.
Variation near complement factor I is associated with risk of advanced
AMD. Eur ] Hum Genet. 2009;17:100-4.

Vedel-Krogh S, Rasmussen KL, Nordestgaard BG, Nielsen SE
Complement C3 and allergic asthma: a cohort study of the general
population. Eur Respir J. 2021;57:2000645.

Kapp A, Wokalek H, Schopf E. Involvement of complement in psoriasis
and atopic dermatitis--measurement of C3a and C5a, C3, C4 and Cl
inactivator. Arch Dermatol Res. 1985;277:359-61.

Couto Alves A, Bruhn S, Ramasamy A, Wang H, Holloway JW,
Hartikainen AL, et al. Dysregulation of complement system and CD4+
T cell activation pathways implicated in allergic response. PLoS One.
2013;8:€74821.

Nassar K, Grisanti S, Elfar E, Luke ], Luke M, Grisanti S. Serum
cytokines as biomarkers for age-related macular degeneration. Graefes
Arch Clin Exp Ophthalmol. 2015;253:699-704.

Rajeswaren V, Wagner BD, Patnaik JL, Mandava N, Mathias MT,
Manoharan N, et al. Interleukin-4 Plasma Levels Stratified by Sex in
Intermediate Age-Related Macular Degeneration and Geographic
Atrophy. Transl Vis Sci Technol. 2023;12:1.

Chakravarthy U, Wong TY, Fletcher A, Piault E, Evans C, Zlateva G,
et al. Clinical risk factors for age-related macular degeneration: a
systematic review and meta-analysis. BMC Ophthalmol. 2010;10:31.

Kim YK, Kim SH, Tak Y], Jee YK, Lee BJ, Kim SH, et al. High prevalence
of current asthma and active smoking effect among the elderly. Clin Exp
Allergy. 2002;32:1706-12.

Murrison LB, Brandt EB, Myers JB, Hershey GKK. Environmental
exposures and mechanisms in allergy and asthma development. J Clin
Invest. 2019;129:1504-15.

Celebi Sozener Z, Ozdel Ozturk B, Cerci P, Turk M, Gorgulu Akin B,
Akdis M, et al. Epithelial barrier hypothesis: Effect of the external
exposome on the microbiome and epithelial barriers in allergic disease.
Allergy. 2022;77:1418-49.

Garcia-Larsen V, Del Giacco SR, Moreira A, Bonini M, Charles D,
Reeves T, et al. Asthma and dietary intake: an overview of systematic
reviews. Allergy. 2016;71:433-42.

Zubeldia-Varela E, Barker-Tejeda TC, Obeso D, Villasenor A, Barber D,
Perez-Gordo M. Microbiome and Allergy: New Insights and Perspectives.
J Investig Allergol Clin Immunol. 2022;32:327-44.

Merle BM]J, Colijn JM, Cougnard-Gregoire A, de Koning-Backus APM,
Delyfer MN, Kiefte-de Jong JC, et al. Mediterranean Diet and
Incidence of Advanced Age-Related Macular Degeneration: The
EYE-RISK Consortium. Ophthalmology. 2019;126:381-90.




/ <. Asian Pac ] Allergy Immunol DOI 10.12932/AP-280524-1865

APJAI

61. Seddon JM, Cote J, Davis N, Rosner B. Progression of age-related 63. Hersoug LG, Linneberg A. The link between the epidemics of obesity
macular degeneration: association with body mass index, waist and allergic diseases: does obesity induce decreased immune tolerance?
circumference, and waist-hip ratio. Arch Ophthalmol. 2003;121:785-92. Allergy. 2007;62:1205-13.

62. Song WJ, Chang YS. Respiratory allergies in the elderly: findings from 64. Maggi E, Parronchi P, Azzarone BG, Moretta L. A pathogenic integrated
the Korean Longitudinal Study on Health and Aging phase I study view explaining the different endotypes of asthma and allergic disorders.
(2005-2006). Asia Pac Allergy. 2017;7:185-92. Allergy. 2022;77:3267-92.

A. Atopic dermatitis B. Atopic dermatitis
S - — Control & - — Control
< - AMD © = AMD without VD
~ AMD with VD
©
S 0
d N. -
o
w
8
=1 <

Z 2 o

3 3+ 8

£ s 5 .

a & 2

s © <}

2 g o |
8 B S
o

0

- S -
o o
=]
g | g |
e T T T T T T ° T T T T T T

0 2 4 6 8 10 0 2 4 6 8 10

Time(Years) Time(Years)
C. Allergic rhinitis D. Allergic rhinitis

© | ©
S | = Control S | = Control

— AMD ——  AMD without VD

~= AMD with VD

© ©
o o

z Z

e o | |

s 3 s 3

o o

5 5

k=l k=l

= g
o o
= =
o o |
o o

T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
Time(Years) Time(Years)

Figure S1. Graphs of cumulative incidence probability of (A) Atopic dermatitis (C) Allergic rhinitis, and (E) Asthma grouped
by the presence of age-related macular degeneration. Graphs of cumulative incidence probability of (B) Atopic dermatitis,
(D) Allergic rhinitis, and (F) Asthma grouped by the presence of age-related macular degeneration with/without visual disability.
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Figure S1. (Continued)
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Figure S2. Forest plots for subgroup analyses of atopic dermatitis (AD)/allergic rhinitis (AR)/Asthma development by the
presence of age-related macular degeneration (AMD). Individuals without AMD were set as a reference group for each subgroup
category, and adjusted hazard ratios (95% ClIs) were calculated using a Cox proportional hazards model.
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Figure S3. Forest plots for subgroup analyses of atopic dermatitis (AD)/allergic rhinitis (AR)/Asthma development by the
presence of age-related macular degeneration (AMD) with/without visual disability (VD). Individuals without AMD were set as
a reference group for each subgroup category, and adjusted hazard ratios (95% Cls) were calculated using a Cox proportional
hazards model.
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Table S2. Criteria for visual disability grading in South Korea.

Grade 1 Visual acuity of the better eye is less or equal to 20/1000
Grade 2 Visual acuity of the better eye is less or equal to 20/500
Grade 3 Visual acuity of the better eye is less or equal to 20/300

Or visual field of each eye is less than 5 degrees in any direction

Grade 4 Visual acuity of better eye is less or equal to 20/200
Or visual field of each eye is less than 10 degrees in any direction

Grade 5 Visual acuity of the better eye is less or equal to 20/100
Or sum of the visual field of both eyes is less than 50% of normal

Grade 6 Visual acuity of the worse eye is less or equal to 20/1000

Visual acuity is given based on the Snellen visual acuity system.

Table S3. Baseline characteristics between subjects with age-related macular degeneration with/without visual disability.

AMD without VD AMD with VD
(n=27,031) (n=2,135)

Sex (male) 11894 (44.0) 1069 (50.1) <0.01
Age (year) 66.7 + 8.6 67.4+84 <0.01
Smoking <0.01

Non-smoker 19582 (72.4) 1494 (70.0)

Ex-smoker 4294 (15.9) 347 (16.3)

Current Smoker 3155 (11.7) 294 (13.8)
Alcohol consumption <0.01

None 19859 (73.5) 1593 (74.6)

Less than 30 g/day 5983 (22.1) 441 (20.7)

More than 30 g/day 1189 (4.4) 101 (4.7)
Regular exercise’ 5551 (20.5) 443 (20.8) 0.28
Income Low* 4850 (17.9) 426 (20.0) <0.01
Place (urban) 10919 (40.4) 869 (40.7) <0.01
Body-mass index 23.9+3.0 23.8+3.0 <0.01
Diabetes 15629 (57.8) 1235 (57.9) <0.01
Hypertension 5997 (22.2) 507 (23.8) <0.01
Dyslipidemia 8880 (32.9) 668 (31.3) <0.01
Charlson comorbidity index 1.6+ 1.5 1.6+1.5 <0.01
Waist circumference 82.5+8.3 82.9+8.5 <0.01
Systolic blood pressure 128.4 +16.0 128.2+17.0 <0.01
Diastolic blood pressure 77.8 £10.0 77.5+10.3 <0.01
Fasting blood glucose 104.4 +£29.8 104.8 + 31.0 <0.01
High-density lipoprotein 55.4 +33.6 54.9 +39.5 0.30
Low-density lipoprotein 118.5 +40.0 117.7 + 40.0 0.21
Triglyceride 120.3 (119.6-121.0) 121.5 (118.9-124.2) 0.04
Glomerular filtration rate 80.4+344 79.9 343 <0.01

Abbreviations: AMD, Age-related Macular Degeneration; VD, Visual disability.

Numerical continuous parameters were described as mean + standard deviation, and categorical parameters were described as total numbers (percentages).
*Individuals with income of less than the lower 20th percentile were defined as low income.

"Regular exercise was defined as strenuous physical activity performed for at least 30 minutes at least five times a week.




