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Abstract: The purpose of the current study is to evaluate the incidence of age-related macular
degeneration (AMD) in dyslipidemia-related diseases with or without the use of fibrate. Patients were
defined as dyslipidemia-related diseases according to the diagnostic code and lab exam arrangement,
then the population was divided into those with fibrate application and those without via 1:2 ratios
of propensity-score matching. The primary outcome is the development of AMD after dyslipidemia-
related diseases by the Cox proportional hazard regression. Besides, the relationship between
the medical compliance of fibrate, presented as medical possession ratio (MPR), and the AMD
development was also analyzed. A total of 22,917 patients and 45,834 individuals were enrolled in
the study and control groups. There were 572 and 1181 events of any AMD development in the study
and control groups which showed identical risk of AMD (aHR: 0.94, 95% CI: 0.85–1.04). However,
a reduced risk of any AMD was found in those patients reached a baseline MPR more than 20%
(aHR: 0.729, 95% CI: 0.599–0.887, p = 0.0016) and overall MPR more than 5% three years after the
diagnosis of dyslipidemia-related diseases (aHR: 0.712, 95% CI: 0.557–0.909, p = 0.0065). Besides,
a lower risk of dry-AMD was also found in those patients with the above conditions (aHR: 0.736,
95% CI: 0.599–0.906, p = 0.0038 and aHR: 0.721, 95% CI: 0.557–0.934, p = 0.0133, respectively).
In conclusion, the use of fibrate with fair initial medical compliance will decrease the incidence of
AMD in patients with dyslipidemia-related diseases, especially for the development of dry-AMD.

Keywords: age-related macular degeneration; epidemiology; fibrate; dyslipidemia; compliance

1. Introduction

Dyslipidemia refers to the dysregulation of blood lipid level which features elevated
low density lipoprotein and very low density lipoprotein or triglyceride in different sub-
types [1]. Recently, the prevalence of dyslipidemia has been estimated to be above 20% in
the European population and the age-standardized prevalence of treatment-need dyslipi-
demia in Japan is more than 30% [1,2]. Dyslipidemia is related to a numbers of atheroscle-
rotic cardiovascular co-morbidities, including the coronary heart disease, peripheral arterial
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occlusive disease and cerebrovascular disease, which can lead to death [3]. Consequently,
dyslipidemia treatment is necessary to prevent further mortality, in which both the statin
and fibrate have been used frequently to manage the lipid dysregulation [4].

Aside from the systemic morbidities, dyslipidemia is also associated with certain
ocular diseases [5,6]. Retinal vascular occlusions, which could be sight-threatening due
to macular ischemia and ruberosis iridis, can occur more frequently in patients with
hyperlipidemia and atherosclerotic change [7]. Also, dyslipidemia and atherosclerosis
could lead to subsequent internal carotid artery stenosis and ocular ischemic syndrome [8].
On the other hand, age-related macular degeneration (AMD) which features the deposition
of lipid materials between the retinal pigment epithelium and Bruch’s membrane [9], is also
related to the presence of dyslipidemia [10]. In previous experience, the patients with high
cholesterol as well as triglyceride levels are under greater risk of developing AMD [10,11].

As far as the relationship between dyslipidemia treatment and the occurrence of
AMD is concerned, several studies have proposed a protective effect of statin against
the AMD development [12–14]. According to a previous systemic review, the risk of
early AMD was significantly reduced in patients with dyslipidemia who took statin as
treatment agent [12]. Besides, the visual acuity in patients with AMD was improved
after high-dose statin application [14]. Nevertheless, there is little research that surveys
the association of fibrate application and the risk of following AMD in patients with
dyslipidemia-related diseases. Moreover, treatment compliance is always an issue for
chronic diseases, including dyslipidemia, in which a poor compliance in patients with
dyslipidemia would lead to the development of coronary heart disease [15], but whether
such compliance influences the risk of other dyslipidemia-related complication like AMD
development still need further elucidation.

Herein, we aimed to evaluate the correlation between the use of fibrate medications and
the subsequent AMD in patients with dyslipidemia-related diseases via the National Health
Insurance Research Database (NHIRD) of Taiwan. In addition, a subgroup analysis of the
medical treatment compliance of fibrate was also conducted in the multivariable analysis.

2. Materials and Methods
2.1. Data Source

This retrospective population-based cohort study adhered to the Declaration of
Helsinki in 1964 and its later amendments and was approved by both the National Health
Insurance Administration and the Institutional Review Board of Chung Shan Medical
University Hospital (Project identification code: CSMUH CS2-15061, date of approval:
1 June 2015). Besides, the need for informed consent was also waived by the above institu-
tions. The total population of Taiwan is around 22 to 23 million and the NHIRD contains
data of insurance claims from nearly all the Taiwan’s inhabitants, and the Longitudinal
Health Insurance Database, which is a derivative from NHIRD that also produced by
the National Health Insurance Administration, was used in the current study. In more
detail, around 1,000,000 individuals were randomly selected from the NHIRD in the year of
2005 and chosen from the Longitudinal Health Insurance Database, which can be regarded
as a reduced version of NHIRD. The reason that the National Health Insurance Admin-
istration selected patients from at the years of 2005 to constitute the Longitudinal Health
Insurance Database is to ensure the patient enrolled in the research has sufficient past medi-
cal history (up to five years) and an adequate follow up period (up to eight years). Then the
medical data of each subject was traced from 1 January 2000 to 31 December 2013. The In-
ternational Classification of Diseases Ninth Revision (ICD-9) was used for disease diagnosis
in the current study. Besides, the demographic data, residence, socioeconomic status, labo-
ratory exam and medicine prescribed by physician were all available in the Longitudinal
Health Insurance Database and NHIRD. The medical prescription in Taiwan or in the
NHIRD means that the physician prescribed certain medicine to patient and the patient
obtain the medicine at hospital, clinic or pharmacy via the prescription note gave by the
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physician. The acquirement of over-the-counter medicine is not included as the “medical
prescription:” in NHIRD.

2.2. Patient Selection

Patients were defined as having dyslipidemia-related diseases if the following criteria
were fulfilled: (1) a diagnosis of chronic ischemic heart disease, atherosclerosis or hyper-
lipidemia from 2000 to 2012 according to corresponding ICD-9 diagnostic codes; (2) the
receipt of any blood lipid profile examination before or at the same time of dyslipidemia-
related diseases diagnosis; and (3) the dyslipidemia-related diseases were diagnosed by
an internal medicine physician. The index date was set as one year after the diagnosis of
dyslipidemia-related diseases. In addition, to exclude individuals with extremely severe
health impairment, the following exclusion criteria were applied in the current study:
(1) had admitted to intensive care unit before the index date, (2) had received coronary
artery bypass graft surgery or percutaneous coronary intervention before the index date
(3) the receipt of a diagnosis of legal blindness before the index date, (4) the receipt of a
diagnosis of ocular tumors at any times, (5) the receipt of ocular removal surgery before
the index date, (6) the development of AMD before the index date, (7) aged lesser than
20 or more than 100 years old at the time of the diagnosis of dyslipidemia-related dis-
eases, (8) died before index date, and (9) had missing demographic data. In the next step,
the study population was divided to those received fibrate therapy and those without such
medication, then the patients received fibrate treatment were propensity-score matched to
a dyslipidemia patients without fibrate use with a 1:2 ratio and caliper of 0.01 to constitute
the study and control group. In the subgroup analysis, patients in the both group were di-
vided into different subgroups according to age, gender, use of other systemic medications
and the MPR of fibrate analyzed in the statistical model.

2.3. Main Outcome Measurement

The primary outcome of the current study is the development of AMD which is
according to (1) the receipt of a diagnosis of AMD; (2) the arrangement of optical coherence
tomography before or at the time of AMD diagnosis; and (3) the AMD diagnosis was made
by an ophthalmologist. Moreover, the incidences of dry-AMD and neovascular AMD
(nAMD) were analyzed separately to find the effect of fibrate on different AMD subtypes.
The definition of nAMD was based on the coexistence of ICD-9 diagnostic codes of AMD
and the use of anti-vascular endothelial growth factor therapy according to the related
ATC codes since the anti-vascular endothelial growth factor therapy is always used to
manage nAMD [16].

2.4. Demographic Variables and Co-Morbidities

To make the general status of study and control groups more comparable and reduce
bias, we evaluated the influence of age, gender, residence, occupation and the following
systemic/ocular co-morbidities on the development of AMD in the multivariable anal-
ysis [17–19]: hypertension, diabetes mellitus (DM), cerebrovascular disease, dementia,
hemiplegia or paraplegia, cataract, glaucoma and optic neuropathy. Besides, the protective
effects of the following medications on the risk of AMD were also considered in the analy-
sis [13,20,21]: statin, aspirin, metformin, angiotensin-converting enzyme inhibitors (ACEi),
angiotensin receptor blockers (ARB), calcium channel blocker (CCB) and beta-blocker.
The presences of above medications were based on the emergence of related ATC codes.
Because most individuals in the Taiwan are Han Taiwanese, ethnicity was not considered
as a covariate. We longitudinally traced the data from the index date until the date of AMD
diagnosis, patient withdrawal from the National Health Insurance program, or the end of
NHIRD which means 31 December 2013.
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2.5. Statistical Analyses

SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was employed for all the analyses
in the current study. First, the fibrate population and non-fibrate users were matched by
propensity score matching which corporate the demographic data, co-morbidities and
systemic medications, and the homogeneity of one parameters between the two groups
was defined as an absolute standardized difference (ASD) lesser than 0.1. The descriptive
analysis was used for the presence of basic characters. Then the incidence rate and related
95% confidence intervals (CI) of any AMD, dry-AMD and nAMD were calculated via the
use of Poisson regression. After that, the Cox proportional hazard regression was used to
produce the adjusted hazard ratios (aHR) of any AMD, dry-AMD and nAMD by incorpo-
rating the preceding demographic data, co-morbidities and systemic medications. Also,
the Kaplan–Meier curve was drawn to demonstrate the cumulative incidence proportion
of AMD between the study and control groups. For the sensitivity analysis, patients in the
study and control groups were analyzed by the difference of age, gender and the use of other
systemic medications. Furthermore, the MPR of fibrate was calculated which had been used
as an index of medical compliance previously [22]. We conducted the landmark analysis to
survey whether the MPR of fibrate would influence the development of AMD. Except the
initial index date, there were two more landmark points after the index date which means
three and five years after the diagnosis of dyslipidemia-related diseases, and the landmark
analysis only included the patients who were at risk at the landmark time point (Figure 1).
Moreover, the MPR in the landmark analysis was divided into the baseline MPR, past MPR
and current MPR based on the date of landmark time point. The MPR was categorized
into lesser than five percent, five to ten percent and more than ten percent in the past and
current analysis, while the category of baseline MPR is ranged from five percent to more
than 20 percent. Then the interaction of MPR degree and MPR time status on the risk of
AMD was evaluated and the details were shown in Table 1. Statistical significance was set
at p < 0.05. A p value lesser than 0.0001 was depicted as p < 0.0001.
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Figure 1. The definition of landmark time point.

Table 1. The details of subgroup in landmark analysis of medical procession ratio.

Group

Landmark Point 1
(+1080 Days after Diagnosis)

Landmark Point 2
(+1800 Days after Diagnosis)

Past Use (−90 to +720 Days
from Diagnosis)

Current Use (+720 to
+1080 Days)

Past Use (−90 to
+1440 Days)

Current Use (+1440 to
+1800 Days)

1 <5% <10% <5% <10%
2 <5% ≥10% <5% ≥10%
3 ≥5% ≥10% ≥5% ≥10%
4 ≥5% ≥10% ≥5% ≥10%

3. Results

After selection, a total of 22,917 dyslipidemia patients and 45,834 non-dyslipidemia
individuals were enrolled in the study and control group respectively, and the flow chart
of subject selection is shown in Figure 2. The distributions of basic characteristics including
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index date, age, gender, residence, occupation, co-morbidities and systemic medications were
similar between the two groups due to the propensity score matching process (Table 2).
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Figure 2. Flowchart of patient selection.

The median of follow-up intervals were 99 months and 98 months in the study and
control groups, respectively (Table 3). There were 572 and 1181 events of any AMD develop-
ment in the study and control groups which showed identical risk of AMD (aHR: 0.94, 95%
CI: 0.85–1.04), and same phenomenon were observed about the risk of dry-AMD (aHR: 0.96,
95% CI: 0.86–1.06) and nAMD (aHR: 0.78, 95% CI: 0.56–1.08) (Table 3). Besides, the cumula-
tive probability of AMD between the two groups also revealed an insignificant difference
(Figure 3). On the other hand, the covariates that related to the increased occurrence
of any types of AMD included the age older than 40 years old (all p < 0.05), male gen-
der (p = 0.0469), DM (p = 0.0403), cataract (p < 0.0001), and optic neuropathy (p < 0.0001).
The use of any medications other than fibrate did not alter the chance of AMD development
(all p > 0.05) (Table 4).
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Table 2. Characteristics among fibrate and non-fibrate group after propensity score matching.

Characteristics Non-Fibrate Fibrate ASD

N 45,834 22,917
Year of index 0.000

2000–2003 19,918 (43.46%) 9963 (43.47%)
2004–2007 13,246 (28.90%) 6650 (29.02%)
2008–2012 12,670 (27.64%) 6304 (27.51%)

Age 0.040
20–30 874 (1.91%) 464 (2.02%)
30–40 4962 (10.83%) 2612 (11.40%)
40–50 12,085 (26.37%) 6151 (26.84%)
50–60 13,662 (29.81%) 6581 (28.72%)
60–70 8815 (19.23%) 4323 (18.86%)
70–80 4525 (9.87%) 2314 (10.10%)

80–100 911 (1.99%) 472 (2.06%)
Gender 0.008
Female 18,456 (40.27%) 9609 (41.93%)
Male 27,378 (59.73%) 13,308 (58.07%)

Urbanization 0.033
Urban 27,271 (59.50%) 13,653 (59.58%)

Sub-urban 13,765 (30.03%) 6814 (29.73%)
Rural 4798 (10.47%) 2450 (10.69%)

Occupation 0.016
Government employees 2798 (6.10%) 1495 (6.52%)

Labor 27,150 (59.24%) 13,353 (58.27%)
Farmer and fisherman 8690 (18.96%) 4289 (18.72%)

Low income 223 (0.49%) 132 (0.58%)
Unemployed 6443 (14.06%) 3344 (14.59%)

Others 530 (1.16%) 304 (1.33%)
Co-morbidities
Hypertension 23,090 (50.38%) 11,733 (51.20%) 0.016

DM 15,761 (34.39%) 8055 (35.15%) 0.016
Cerebrovascular disease 3488 (7.61%) 1873 (8.17%) 0.021

Dementia 119 (0.26%) 64 (0.28%) 0.004
Hemiplegia or paraplegia 555 (1.21%) 305 (1.33%) 0.011

Cataract 3960 (8.64%) 2088 (9.11%) 0.017
Glaucoma 845 (1.84%) 480 (2.09%) 0.018

Optic neuropathy 51 (0.11%) 32 (0.14%) 0.008
Medications

Statin 8439 (18.41%) 4341 (18.94%) 0.014
Aspirin 9431 (20.58%) 4916 (21.45%) 0.021

Metformin 9463 (20.65%) 4778 (20.85%) 0.005
ACEi 7735 (16.88%) 4009 (17.49%) 0.016
ARB 5012 (10.94%) 2665 (11.63%) 0.022
CCB 14,138 (30.85%) 7245 (31.61%) 0.017

Beta-blocker 12,554 (27.39%) 6533 (28.51%) 0.025
N: number; ASD: absolute standardized difference; DM: diabetes mellitus; ACEi: angiotensin-converting enzyme
inhibitors; ARB: angiotensin receptor blockers; CCB: calcium channel blocker.
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Table 3. Study event in study groups.

Event Non-Fibrate Fibrate

N 45,834 22,917
Median follow up months (IQR) 98 (55–136) 99 (56–136)

Observed person-months 4,310,080 2,180,231
Any AMD

Event of AMD 1181 572
Incidence rate * (95% CI) 2.74 (2.59–2.90) 2.62 (2.42–2.85)

Crude hazard ratio (95% CI) Reference 0.96 (0.87–1.06)
aHR (95% CI) Reference 0.94 (0.85–1.04)

Dry-AMD
Event of AMD 1052 522

Incidence rate * (95% CI) 2.44 (2.30–2.59) 2.39 (2.20–2.61)
Crude hazard ratio (95% CI) Reference 0.98 (0.88–1.09)

aHR (95% CI) Reference 0.96 (0.86–1.06)
nAMD

Event of AMD 129 50
Incidence rate * (95% CI) 0.30 (0.25–0.36) 0.23 (0.17–0.30)

Crude hazard ratio (95% CI) Reference 0.76 (0.55–1.06)
aHR (95% CI) Reference 0.78 (0.56–1.08)

N: number; IQR: interquartile range; AMD: age-related macular degeneration; nAMD: neovascular age-related
macular degeneration; CI: confidence intervals; aHR: adjusted hazard ratios, co-variates including demographic
data, co-morbidities and medications; * Crude incidence rate, per 10,000 person months.
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age-related macular degeneration. (B) Incidence of dry age-related macular degeneration. (C) Incidence of neovascular
age-related macular degeneration.

In the sensitivity analysis, there were no significant differences concerning any AMD,
dry-AMD and nAMD in dyslipidemia-related patients with different age, gender or the
used of other systemic medications (Table 5). For the landmark analysis, however, a significant
reduced risk of any AMD was found in patients reached a baseline MPR more than 20%
(aHR: 0.729, 95% CI: 0.599–0.887, p = 0.0016) and past MPR more than 5% plus current MPR
more than 10% three years after the diagnosis of dyslipidemia-related diseases (aHR: 0.712,
95% CI: 0.557–0.909, p = 0.0065) compared to those with low MPR at that time (Table 6).
In addition, a significantly lower risk of dry-AMD was also found in patients with the above
conditions (aHR: 0.736, 95% CI: 0.599–0.906, p = 0.0038 and aHR: 0.721, 95% CI: 0.557–0.934,
p = 0.0133, respectively) (Table 6). Still, neither the landmark time point nor the MPR of fibrate
would lead to prominent influence for nAMD development (all p > 0.05) (Table 6).
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Table 4. Cox regression for estimate the hazard ratio of age-related macular degeneration.

Covariates aHR (95% CI) p Value

Fibrate 0.935 (0.846–1.034) 0.1925 *
Year of index (ref = 2000–2003)

2004–2007 0.817 (0.722–0.925) 0.0014 *
2008–2012 0.900 (0.744–1.090) 0.2826

Age (reference = 30–40)
20–30 0.187 (0.026–1.370) 0.0989
40–50 1.622 (1.108–2.374) 0.0128
50–60 4.771 (3.341–6.813) <0.0001 *
60–70 8.680 (6.075–12.402) <0.0001 *
70–80 12.530 (8.702–18.041) <0.0001 *

80–100 11.030 (7.098–17.141) <0.0001 *
Gender (reference = Female)

Male 1.102 (1.001–1.214) 0.0469
Urbanization (reference = Urban)

Sub-urban 1.026 (0.914–1.151) 0.6651
Rural 0.927 (0.772–1.114) 0.4206

Occupation (reference = Labor)
Government employees 1.027 (0.852–1.237) 0.7815
Farmer and fisherman 0.943 (0.814–1.094) 0.4396

Low income 1.102 (0.548–2.215) 0.7861
Unemployed 1.062 (0.928–1.215) 0.3812

Others 0.839 (0.532–1.323) 0.4499
Co-morbidities
Hypertension 1.067 (0.940–1.212) 0.3147

DM 1.142 (1.006–1.297) 0.0403 *
Cerebrovascular disease 0.948 (0.811–1.108) 0.5026

Dementia 1.242 (0.617–2.502) 0.5438
Hemiplegia or paraplegia 0.884 (0.585–1.336) 0.5597

Cataract 1.582 (1.404–1.781) <0.0001 *
Glaucoma 1.239 (0.968–1.586) 0.0888

Optic neuropathy 3.560 (1.945–6.515) <0.0001 *
Medications

Statin 1.028 (0.907–1.165) 0.6691
Aspirin 1.085 (0.972–1.212) 0.1465

Metformin 1.125 (0.973–1.301) 0.1122
ACEi 0.997 (0.884–1.125) 0.9617
ARB 0.977 (0.828–1.153) 0.7830
CCB 1.039 (0.925–1.166) 0.5200

Beta-blocker 0.974 (0.873–1.087) 0.6420
aHR: adjusted hazard ratios, covariates including demographic data, co-morbidities and medications; CI: conf-
idence intervals; DM: diabetes mellitus; ACEi: angiotensin-converting enzyme inhibitors; ARB: angiotensin rec-
eptor blockers; CCB: calcium channel blocker; *denotes significant correlation to the development of age-related
macular degeneration.
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Table 5. Sensitivity analysis for the incidence of age-related macular degeneration.

Subgroup
aHR (95% CI)

Any AMD Dry AMD nAMD

Age (year)
20–50 0.823 (0.611–1.107) 0.796 (0.576–1.100) 0.984 (0.464–2.087)
50–70 0.962 (0.858–1.079) 0.974 (0.863–1.098) 0.856 (0.588–1.244)

70–100 1.035 (0.884–1.212) 1.080 (0.917–1.270) 0.592 (0.300–1.167)
Gender

Male 0.964 (0.846–1.098) 0.983 (0.856–1.129) 0.827 (0.558–1.227)
Female 0.982 (0.871–1.108) 1.001 (0.884–1.135) 0.783 (0.496–1.234)

Other medication
With 1.003 (0.908–1.108) 1.032 (0.930–1.145) 0.746 (0.528–1.056)

Without 0.847 (0.698–1.028) 0.833 (0.678–1.022) 0.975 (0.548–1.737)
aHR: adjusted hazard ratios, covariates including demographic data, co-morbidities and medications; CI: confi-
dence intervals; AMD: age-related macular degeneration; nAMD: neovascular age-related macular degeneration.

Table 6. Time varying and dosage of fibrate on risk of any AMD.

MPR
Any AMD Dry AMD nAMD

aHR (95% CI) p Value aHR (95% CI) p Value aHR (95% CI) p Value

At baseline
(+1 year from diagnosis)

0% Reference Reference Reference
<5% 0.960 (0.823–1.120) 0.6067 0.974 (0.829–1.145) 0.7512 0.841 (0.506–1.399) 0.5048

5–10% 1.013 (0.847–1.213) 0.8864 1.039 (0.861–1.254) 0.6863 0.794 (0.429–1.471) 0.4638
10–20% 1.060 (0.888–1.265) 0.5175 1.092 (0.908–1.314) 0.3502 0.791 (0.427–1.466) 0.4569
≥20% 0.729 (0.599–0.887) 0.0016 * 0.736 (0.599–0.906) 0.0038 * 0.672 (0.362–1.248) 0.2087

Landmark 1
(+3 years from diagnosis)
Past < 5%, Current < 10% Reference Reference Reference
Past < 5%, Current ≥ 10% 0.961 (0.676–1.367) 0.8254 0.985 (0.680–1.426) 0.9344 0.777 (0.246–2.449) 0.6663
Past ≥ 5%, Current < 10% 1.038 (0.896–1.203) 0.6162 1.093 (0.938–1.273) 0.2557 0.588 (0.331–1.043) 0.0692
Past ≥ 5%, Current ≥ 10% 0.712 (0.557–0.909) 0.0065 * 0.721 (0.557–0.934) 0.0133 * 0.633 (0.294–1.364) 0.2430

Landmark 2
(+5 years from diagnosis)
Past < 5%, Current < 10% Reference Reference Reference
Past < 5%, Current ≥ 10% 1.042 (0.735–1.476) 0.8187 1.131 (0.793–1.612) 0.4966 0.292 (0.041–2.096) 0.2208
Past ≥ 5%, Current < 10% 0.883 (0.731–1.066) 0.1949 0.902 (0.740–1.098) 0.3041 0.732 (0.391–1.373) 0.3316
Past ≥ 5%, Current ≥ 10% 0.860 (0.664–1.112) 0.2502 0.906 (0.694–1.183) 0.4679 0.489 (0.179–1.338) 0.1638

MPR: medical possession ratio; aHR: adjusted hazard ratios, covariates including demographic data, co-morbidities and medications;
CI: confidence intervals; AMD: age-related macular degeneration; nAMD: neovascular age-related macular degeneration; * denotes
significant correlation to the development of age-related macular degeneration.

4. Discussion

In the current study, the use of fibrate will lead to protective effect on the development
of AMD if a baseline MPR more than 20% and a persistent MPR more than 5% three years
after the diagnosis of dyslipidemia-related diseases. Moreover, the condition is mainly due
to the decreased incidence of dry-AMD. The factors that lead to the occurrence of AMD
in dyslipidemia-related diseases include older age, male gender, systemic disease of DM,
cataract, and optic neuropathy.

There were some evidences to propose the relationship between dyslipidemia and
AMD [10,11]. The pathophysiology of AMD is multifactorial with including the neutral
lipids as well as proteins precipitate processes, choroid angiogenesis and the inflammatory
processes with the complementary system involvement [9,23]. In a previous experimental
study, the component of basal linear deposit and subretinal drusenoid deposit in AMD
contain the apolipoprotein B,E-containing, cholesterol-rich lipoproteins [24], and the hy-
perlipidemia may accelerate this process and lead to the occurrence of AMD. Moreover,
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the lipid material in drusen showed similar propensity with the atherosclerotic plaques. [25].
On the other hand, the hyperlipidemia status would lead to the inflammatory reaction in
which the adipokines would trigger a low-grade chronic inflammation status via activating
the secretion of monocyte chemotactic protein, tumor necrosis factor, and interleukin [26].
Also, hyperlipidemia is frequently prevalent in rheumatoid arthritis and related to the
disease process [27]. Since the presence of dyslipidemia may trigger the development
of both the dry AMD and the nAMD, the control of dyslipidemia via statins, fibrate or
other lipid-lowering medications may have the potential to reduce the development of
subsequent dyslipidemia-related complications like AMD in the dyslipidemia population.
Moreover, medical treatment compliance is always an issue for the treatment outcome,
in which a lower-than-expectation effect of statin on the decrement of cholesterol level
was found due to the poor patient compliance [28]. Consequently, we speculate that the
medical compliance of lipid-lower medication like fibrate, not only the prescription of
fibrate, would influence the incidence of subsequent dyslipidemia-related complication
such as AMD. This hypothesis is partially supported by the analysis of the current study.

The protective effect of statin of the retardation of AMD incidence has been confirmed
before [12,13], while there is little evidence for the impact of fibrate on AMD development.
In the current study, the application of fibrate medications did not lead to the decrement of
AMD incidence though a lower aHR was found, but if we survey the relationship between
MPR and the occurrence of AMD, a significant reduction of AMD incidence were observed
in those with better MPR in the time of initial diagnosis and the time three years later
than the initial diagnosis. To our knowledge, this is the first preliminary daa that reveals
a negative association of fibrate with good MPR and AMD. Moreover, we considered a
number of protective and risk factors, including the possible protective effect of statins,
in the multivariable model thus the fibrate is more likely an independent protective factor
for AMD. This concept is further strengthened by the sensitivity analysis regarding the
applications of other medications that the aHR of AMD did not differ in fibrate patients no
matter whether other medications were used. In short, we propose that the risk of AMD
may be reduced in patients who use fibrate with good MPR.

In the sensitivity analysis according to the subtype of AMD, the dry-AMD showed
a significantly lower incidence in patients that received fibrate with a relative higher
MPR. This phenomenon is reasonable since the lipid would directly contribute to the
formation of drusen and the subsequent AMD [24]. In addition, the calcified mineral in
drusen-like hydroxyapatite is correlated to the formation of atherosclerotic plaques [25].
On the contrary, the incidence of nAMD did not show any difference, regardless of both
the use of fibrate and the MPR of fibrate. It is possible that the influence of systemic
inflammation induced by the dyslipidemia status is not strong enough to increase the
chance of nAMD. Also, the nAMD has a generally lower incidence than dry-AMD which
account for approximately 15% of all the AMD population [29], and the distribution of
nAMD in the current study is similar to that number. Accordingly, the relatively lower
number of nAMD in the current study may lead to some statistical bias. Still, the lower
aHR of the nAMD in patients under fibrate use might indicate a potential protective effect
for which a study with a longer follow up period should be conducted.

As the lifestyle of Western countries has spread across the globe, dyslipidemia and the
related metabolic syndrome have revealed a trend to increase [30,31]. In recent nationwide
studies, the prevalence of dyslipidemia was up to 34% in the Chinese population [32].
On the other hand, the AMD also influences a huge number of individuals, among which
about 1.8 million patients in the United States have either dry-AMD or nAMD [33]. More-
over, AMD is the major cause of legal blindness after only cataract and glaucoma and
influences various aspects of life [34,35]. Since the influences of both the dyslipidemia
and AMD on human health are prominent, it should be stated that the regular use of
fibrate could prevent potential AMD and blindness in patients suffering from dyslipidemia-
related disorders.
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The risk factors for the development of AMD in the current study include the older
age, male gender, DM, cataract as well as optic neuropathy. Age is a well-established risk
factor for AMD and the findings of the current study correlate to the previous concepts [9].
Regarding ocular disorders and AMD, the prominent association between cataract and
AMD in the current study may be because both diseases tend to occur in the elderly and
such correlation was also found in previous study [17]. Besides, the optic neuropathy is
related to neuron damage [36], and AMD is also related to neurosensory cell death [23].
Accordingly, the positive correlation between the two diseases may indicate that the
nervous systems in individuals with both diseases are more vulnerable. On the other hand,
the mechanism of positive correlation of DM as well as male gender to AMD development
is not clear and previous studies showed inconclusive results [37,38], thus further study
may be needed. Interestingly, the use of statins did not lower the risk of AMD in the
current study which is not in agreement with previous experience [12–14], but there were
also some studies that showed an insignificant effect of statin on AMD prevention [39,40].
Maybe MPR also plays a role in the relationship between statins and AMD occurrence.

Several limitations remain in the current study. Firstly, its retrospective nature would
lead to some bias, even after the matching process and multivariable analysis. Second,
the use of insurance claim data leaves some important information unavailable such as
the blood lipid levels, the severity of AMD, the clinical images of AMD and the laterality
of AMD. Besides, the MPR only presents the medications that physicians prescribe to
patients but not the medications they actually use, thus it cannot exactly represent patient
compliance [22]. Finally, we enrolled patients with hyperlipidemia, atherosclerosis and
chronic ischemic heart disease as the dyslipidemia populations in which the three diseases
have different pathophysiology. Still, since all three diseases are related to impaired
blood lipid levels [1,41], their enrollment as populations with lipid disorders might be
considered reasonable.

5. Conclusions

In conclusion, the application of fibrate in patients with dyslipidemia will decrease
the risk of the AMD development after considering multiple covariates. Furthermore,
this benefit is seen only in individuals with good medical treatment compliance in the
initial three years of dyslipidemia diagnosis. Consequently, patients with dyslipidemia
should be informed that adherence to physicians’ orders to use fibrate is not only for the
blood lipid control, but also for the prevention of visual impairment. Further large scale
prospective studies to investigate whether the degree of dyslipidemia would influence the
treatment difficulty of AMD are mandatory.
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