
679www.eymj.org

INTRODUCTION

Age-related macular degeneration (AMD) is a progressive dis-
ease of the macula that affects central vision. In industrialized 
countries, it is the leading cause of irreversible blindness in 
people aged 65 years or older.1 The prevalence of AMD is likely 
to increase due to the exponential increase in aging popula-
tions.2 The etiology of AMD is not clearly understood; however, 

several studies have suggested that immunologic and inflam-
matory processes3,4 and atherosclerosis5 are involved in its 
pathogenesis. In contrast, dietary intake of antioxidants has 
been associated with a decreased risk of exudative AMD.6 In 
Korea, the prevalence and incidence of wet AMD in a subset of 
the population aged 40 years or older were 36.43 (per 10000 
people) and 3.02 (per 10000 person-years).7 

Statins,8 metformin,9 angiotensin-converting enzyme (ACE) 
inhibitors,10 and angiotensin II receptor blockers (ARBs)11 are 
well-known medications that exert pleiotropic effects, such as 
anti-inflammatory and antioxidant effects, endothelium-pro-
tective actions, antiaggregatory and profibrinolytic effects, 
and atherosclerosis attenuation. Observational studies have 
examined the association of AMD with statins and ACE inhibi-
tors. A systematic review reported that statin users experienced 
no preventive effect for AMD compared to non-users [relative 
risk (RR)=0.95, 95% confidence interval (CI)=0.74–1.15].12 Ad-
ditionally, a nested case-control study found no decrease in 
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the risk of AMD associated with ACE inhibitor use [odds ratio 
(OR)=1.19, 95% CI=1.07–1.33] compared with non-use.13 Thus 
far, no previous studies have examined the association of met-
formin and ARBs with AMD incidence. 

Using a cohort of elderly patients from the Korean National 
Health Insurance Service database, this nested case-control 
study aimed to determine whether users of statins, metformin, 
ACE inhibitors, or ARBs had a reduced risk of AMD compared 
to that in non-users. 

MATERIALS AND METHODS

Data sources
We used the National Health Insurance Service-National El-
derly Cohort (NHIS-NEC) database from South Korea. South 
Korea introduced the National Health Insurance program in 
1977, and gradually expanded its coverage until it achieved 
universal healthcare in 1989.14 NHIS collects the healthcare 
utilization records of the entire Korean population through 
claim data, which is generated by medical institutions for the 
reimbursement of costs covered by national insurance.15 Using 
the claim data, NHIS established a sample cohort database of 
elderly patients aged ≥60 years. Through simple random sam-
pling, NHIS-NEC consists of 10% of the total population aged 
≥60 years and eligible for health insurance or medical aid.16 
This database includes demographic information and details 
on the healthcare services provided. Personal identification 
numbers were anonymized before providing information to 
researchers, and all diagnoses were coded according to the In-
ternational Classification of Diseases, Tenth Revision (ICD-10).

Cohort construction
NHIS-NEC database was established from claim data from 
2002–2015. Our study cohort included patients aged 65 years 
or older who were diagnosed with diabetes mellitus, includ-
ing types 1 and 2 (ICD-10: E10–E14), or cardiovascular diseases 
(ICD-10: I05–I15, I20–I28, I30–I52, I60–I89) in 2002. This pop-
ulation was considered to contain patients with the aforemen-
tioned diseases, and cohort entry date was defined as the first 
date of diagnosis.

Case definition and control selection
We identified all incident patients with AMD between January 
2012 and December 2015. Incident patients were defined as 
patients without a diagnostic history of degeneration of the 
macula and posterior pole (ICD-10: H35.3) before 2012, as di-
agnosis related to the disease of interest was specified by four 
digits in ICD code, which were introduced in 2011. Therefore, 
we excluded the patients who were diagnosed in 2011 or ear-
lier from the study cohort. Cases were defined as all patients 
with incident AMD diagnosed with non-exudative (ICD-10: 
H35.30) or exudative (ICD-10: H35.31) AMD after the cohort 

entry date. To differentiate the cases from other cases with dis-
eases related to the degeneration of the macula and posterior 
pole (ICD-10: H35.32–H35.39), we defined cases as patients 
with non-exudative or exudative AMD and not as those with 
other disease types. The first date of AMD diagnosis was de-
fined as the index date. For each case, 10 controls were randomly 
selected by risk set sampling, and the controls were matched for 
sex, age, cohort entry date (±60 days), and follow-up duration.

Exposure definition
Statins, metformin, ACE inhibitors, and ARBs were the main 
exposures in this study. Therefore, we collected patient medi-
cation history until one year prior to index data collection. We 
defined exposure as a prescription history for single or combi-
nation administration of the aforementioned medications. 
Patients who were prescribed more than two types of these 
medications were defined as combination users, whereas the 
remaining patients were considered non-users. For subgroup 
analysis, we classified exposure more specifically according to 
the cumulative duration and timing of medication use. Cumu-
lative duration was calculated as total days of medication pre-
scription without duplicated days, and it was classified into 
three categories as follows: 1) fewer than 90 days, 2) fewer than 
300 days, and 3) greater than 300 days. Additionally, the tim-
ing of medication use was classified into three categories as 
follows: 1) recent use, 2) current use, and 3) past use. We de-
fined recent use as when the latest administration duration of 
the study medications overlapped with the index date. Cur-
rent use was defined as cases in which the latest administra-
tion duration of the study medications occurred within 30 
days from the index date, whereas the remaining cases were 
defined as past use.

Potential confounders
The following baseline characteristics and clinical details for 
all of the study subjects were considered possible confounders 
of the association between medication use and AMD: income 
level, health insurance type, Charlson comorbidity index, num-
ber of healthcare resources used, disease history, and medica-
tions. Disease history included cerebrovascular disease, com-
plicated diabetes, uncomplicated diabetes, hyperlipidemia, 
hypertension, liver disease, myocardial infarction, and pe-
ripheral vascular disease. Medication history included the use 
of alpha-blockers, alpha-glucosidase, aspirin, beta-blockers, 
calcium channel blockers, diuretics, meglitinide, sulfonylurea, 
and thiazolidinedione. Claim data from over one year before 
the index date were used to define the number of healthcare 
resources used and disease and medication history.

Statistical analysis
We conducted a nested case-control study to investigate the 
preventive effect of statins, metformin, ACE inhibitors, ARBs, 
and their combinations on AMD. To compare the general char-



681

Hyesung Lee, et al.

https://doi.org/10.3349/ymj.2019.60.7.679

acteristics between the case and control groups, we described 
categorical data with frequencies or proportions and continu-
ous data with means and standard deviations. Furthermore, 
we conducted chi-square tests for unmatched categorical vari-
ables. To overcome the multiplicity problem for variables with 
more than two groups, we applied Bonferroni method. The 
level of significance was adjusted by 0.05/k, where k was the 
number of groups for each variable. For primary analysis, we 
used conditional logistic regression to estimate the ORs and 
corresponding 95% CIs for AMD in patients who used the study 
medications and their combinations versus non-users. These 
ORs assume unbiased estimates of the hazard ratios due to the 
use of risk set sampling.17 To adjust conditional logistic regres-
sion model, we used all of the potential confounders previously 
defined. For secondary analysis, we repeated the primary anal-
ysis, including cumulative duration and timing of medication 
use. To identify statistically significant differences in variables, 
including age, sex, AMD type, and several comorbidities, be-
tween cases and controls, we performed an interaction test 
and conducted subgroup analyses for variables with interac-
tion effects. All statistical analyses were performed using SAS 
9.4 for Windows (SAS Institute, Inc., Cary, NC, USA). The pres-
ent study protocol was reviewed and approved by the Institu-
tional Review Board of Sungkyunkwan University (approval 
no. 2018-02-008).

RESULTS

Of the 231274 patients diagnosed with diabetes mellitus or car-
diovascular diseases in 2002, the study cohort included 200333 
patients (Fig. 1), with 2330 incident cases and their 23278 
matched controls. Matching ratio by risk set sampling was 
1:9.99. There were several substantial differences in the base-
line characteristics of subjects (Table 1). Cases were more like-
ly to show greater healthcare resource use and higher Charlson 
comorbidity index and prevalence of comorbidities, including 
cerebrovascular diseases, complicated diabetes mellitus, un-
complicated diabetes mellitus, and peripheral vascular diseas-
es. Moreover, compared with controls, cases were more likely 
to have a history of combined medication use, excluding aspi-
rin, beta-blockers, and thiazolidinedione.

Compared to non-users, the adjusted ORs and their 95% CIs 
for the occurrence of AMD in users of statins, metformin, ACE 
inhibitors, ARBs, and all medication combinations were 1.12 
(0.94–1.32), 1.15 (0.91–1.45), 0.90 (0.61–1.34), 1.21 (1.05–1.39), 
and 1.21 (1.06–1.38), respectively (Table 2). 

In secondary analyses, there were no significant associa-
tions of AMD prevention with the long-term use and timing of 
medication use for any of the medications evaluated (Tables 3 
and 4). This finding was supported by the results of subgroup 
analyses for age group, sex, and peripheral vascular disease 
presence. Interaction test showed a significant difference in 
the results according to the type of AMD and presence of cere-
brovascular diseases; however, the results of subgroup analy-
ses were statistically insignificant (Fig. 2).

Potentially eligible 
case patients 

(n=2330)

1:10 matched for age, 
gender, cohort entry date*
and duration of follow-up

Potentially eligible 
control patients 

(n=198003)

Control group 
(n=23278)

Case group 
(n=2330)

Patients with cardiovascular diseases 
or diabetic mellitus in 2002 

(n=231274)

Potentially eligible patients 
(n=200333)

Excluded 
   Patients diagnosed with degeneration of macular and 
     posterior pole (H35.3) until 2011 (n=25088)
   Patients diagnosed with other diseases related with 
     degeneration of macular and posterior pole 
     (H35.32–H35.39) after 2012 (n=5853)

Fig. 1. Flowchart of study cohort construction. *Cohort entry date was matched with the cohort entry date of the cases, ranging from 30 days before or af-
ter the entry date.
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DISCUSSION

We found that statin, metformin, ACE inhibitor, or ARB use did 
not decrease the risk of AMD in an aged population after ad-
justing for several potential confounders, such as socioeco-
nomic status, healthcare resource utilization, combined medi-
cation use, and comorbidities. No significant associations were 
observed between AMD risk and cumulative duration or tim-
ing of medication use. Additionally, there were no considerable 
differences between age groups, sex, AMD types, presence of 
cerebrovascular or peripheral vascular diseases, and uncom-
plicated or complicated diabetes mellitus.

Several studies have investigated the association between 
the risk of AMD and statins, and found no preventive effects. 
A case-control study suggested that statin use and AMD inci-
dence have no association (OR=0.93, 95% CI=0.81–1.07).18 In 
a 5-year cohort study, statins did not prevent early age-related 
maculopathy (early onset: OR=1.12, 95% CI=0.47–2.67; pro-
gression: OR=1.22, 95% CI=0.54–2.76; late incidence: OR=0.41, 
95% CI=0.12–1.45).19 In contrast, a nested case-control study 
reported a risk for AMD with statin use (OR=1.30, 95% CI=1.17– 
1.44).13 However, the findings of other studies conflict with our 
results. According to one cross sectional study,20 the relation-
ship between statin use and AMD was negative (OR=0.14, 95% 
CI=0.02–0.83). Moreover, several studies have demonstrated 
preventive effects of statins.21-23

Some studies have investigated the association between the 
risk of AMD and use of ACE inhibitors or ARBs. A nested case-
control study reported that ACE inhibitor use may be associ-
ated with an increased risk of AMD (adjusted RR=1.19, 95% 
CI=1.07–1.33).13 A study that analyzed data pooled from three 
population-based cohort studies found no significant rela-
tionship between ACE inhibitor use and the incidence of early 
age-related maculopathy in each of the three cohort studies, as 
well as in the pooled cohort (OR=1.1, 95% CI=0.8–1.5).24 A case-
control design study showed that ARBs have a protective effect 
on the development of choroidal neovascularization, which is 
a late form of AMD, in patients with AMD.25 However, these 

Table 1. Baseline Demographic and Clinical Characteristics of the Study 
Population

Characteristics
Cases*
(n=2330)

Controls*
(n=23278)

p value

Age group N/A

Mean±SD (yr) 66.5±5.0 66.4±5.0

<66 1136 (48.8) 11360 (48.8)

66–70   722 (31.0)   7220 (31.0)

71–75   351 (15.1)   3510 (15.1)

76–80   97 (4.2)   970 (4.2)

81–85   18 (0.8)   180 (0.8)

>85     6 (0.3)     38 (0.2)

Sex N/A

Female 1471 (63.1) 14710 (63.2)

Male   859 (36.9)   8568 (36.8)

Income level†,‡ 0.720

Q0–Q2   363 (15.6)   3616 (15.5)

Q3–Q5   461 (19.8)   4651 (20.0)

Q6–Q8   707 (30.3)   7277 (31.3)

Q9–Q10   799 (34.3)   7734 (33.2)

Type of health insurance 0.957

Health insurance 2316 (99.4) 23136 (99.4)

Medical aid   14 (0.6)   142 (0.6)

No. healthcare resources used† <0.001

Mean±SD   46.9±37.7   37.6±34.9

<16   345 (14.8)   6624 (28.5)

16–24   535 (23.0)   5726 (24.6)

25–40   659 (28.3)   5511 (23.7)

>41   791 (33.9)   5417 (23.3)

Comorbidities

Cerebrovascular diseases   941 (40.4)   8253 (35.5) <0.001

Complicated diabetes mellitus   260 (11.2) 2210 (9.5) 0.009

Uncomplicated diabetes mellitus   501 (21.5)   4324 (18.6) 0.001

Hyperlipidemia   43 (1.8)   375 (1.6) 0.394

Hypertension     0 (0.0)       3 (0.0) 1.000

Liver diseases   32 (1.4)   325 (1.4) 0.929

Myocardial infarction   32 (1.4)   257 (1.1) 0.241

Peripheral vascular diseases   489 (21.0)   4245 (18.2) <0.001

Combined medications

Alpha-blockers   987 (42.4)   9278 (39.9) 0.019

Alpha-glucosidase   536 (23.0)   4879 (21.0) 0.021

Aspirin   25 (1.1)   197 (0.8) 0.261

Beta-blockers 119 (5.1) 1094 (4.7) 0.377

Calcium channel blockers   70 (3.0)   465 (2.0) 0.001

Diuretics 1034 (44.4)   9739 (41.8) 0.018

Meglitinide 1358 (58.3) 12676 (54.5) <0.001

Sulfonylurea   743 (31.9)   6602 (28.4) <0.001

Thiazolidinedione 138 (5.9) 1357 (5.8) 0.855

Charlson comorbidity index† <0.001

Mean±SD  0.9±0.6   0.8±0.6

Table 1. Baseline Demographic and Clinical Characteristics of the Study 
Population (Continued)

Characteristics
Cases*
(n=2330)

Controls*
(n=23278)

p value

0   681 (29.2)   7872 (33.8)

1–2 1315 (56.4) 12643 (54.3)

>3   334 (14.3)   2763 (11.9)

SD, standard deviation; N/A, not applicable.
Variables are presented as a number (percentage) unless otherwise noticed.
*Cases and controls are matched by age, sex, cohort entry date, and follow-up 
duration; †According to Bonferroni method, the level of significance was ad-
justed by 0.05/k, where k is the number of groups for each variable; ‡Income 
levels are classified into 11 groups ranging from 0–10, according to the type of 
health insurance. Ten of the groups are for employee and district subscribers. 
Group 0 indicates medical aid.
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authors concluded that ARBs were unlikely to confer a preven-
tive effect against choroidal neovascularization in patients with 
AMD. 

We examined whether these medications protected against 
AMD using a nested case-control study design. This observa-
tional study design integrates the concept of traditional case-
control studies within a constructed cohort.26 Moreover, this 
study design overcomes some of the disadvantages associated 
with case-control studies, while incorporating the advantages 
of cohort studies. Particularly, selection bias, which is a consid-

erable concern in traditional case-control studies, is minimized 
by selecting cases and controls from populations with the same 
risk. Moreover, information bias is decreased. However, this 
study design had some disadvantages, including the fact that 
all pertinent risk factors were not recorded and the statistical 
power was low due to the small sample sizes.

Our study had several strengths. First, we used NHIS-NEC 
data sourced from a well-established and validated national 
longitudinal database, and included follow-up data from 2002– 
2015 for 558147 elderly subjects. Additionally, this database was 

Table 2. Association between Age-Related Macular Degeneration and Exposure

Exposure Cases* (n=2330) Controls* (n=23278) Crude OR (95% CI) Adjusted ORs† (95% CI)
None   551 (23.7)   6900 (29.6) 1.00 (Reference) 1.00 (Reference)
Statins only 210 (9.0) 2009 (8.6) 1.33 (1.12–1.57) 1.12 (0.94–1.32)
Metformin only 111 (4.8) 1062 (4.6) 1.33 (1.07–1.64) 1.15 (0.91–1.45)
ACE inhibitors only   28 (1.2)   367 (1.6) 0.97 (0.65–1.43) 0.90 (0.61–1.34)
ARBs only   456 (19.6)   4319 (18.6) 1.33 (1.17–1.52) 1.21 (1.05–1.39)
All combinations   974 (41.8)   8621 (37.0) 1.44 (1.29–1.61) 1.21 (1.06–1.38)
OR, odds ratio; CI, confidence interval; ACE inhibitors, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers.
Variables are presented as a number (percentage) unless otherwise noticed.
*Cases and controls are matched by age, sex, cohort entry date, and follow-up duration; †Adjusted for income level, Charlson comorbidity index, the number of 
prescriptions, cerebrovascular disease history, complicated or uncomplicated diabetes, hyperlipidemia, hypertension and peripheral vascular disease, and the 
use of alpha-blockers, alpha-glucosidase, aspirin, beta-blockers, calcium channel blockers, diuretics, meglitinide, sulfonylurea, or thiazolidinedione.

Table 3. Association between Age-Related Macular Degeneration and Exposure according to Cumulative Duration

Exposure Cases* (n=2330) Controls* (n=23278) Crude OR (95% CI) Adjusted ORs† (95% CI)
None   551 (23.7)   6900 (29.6) 1.00 (Reference) 1.00 (Reference)
Statins only

<90 days   33 (1.4)   268 (1.2) 1.56 (1.07–2.26) 1.30 (0.90–1.90)
90–299 days   77 (3.3)   877 (3.8) 1.11 (0.87–1.43) 0.95 (0.74–1.22)
≥300 days 100 (4.3)   864 (3.7) 1.47 (1.17–1.84) 1.22 (0.97–1.53)

Metformin only
<90 days   14 (0.6)   109 (0.5) 1.62 (0.92–2.85) 1.35 (0.76–2.39)
90–299 days   45 (1.9)   333 (1.4) 1.71 (1.24–2.36) 1.50 (1.07–2.09)
≥300 days   52 (2.2)   620 (2.7) 1.07 (0.79–1.43) 0.93 (0.68–1.26)

ACE inhibitors only
<90 days     0 (0.0)     22 (0.1) N/A N/A
90–299 days   12 (0.5)   128 (0.6) 1.19 (0.65–2.17) 1.18 (0.64–2.15)
≥300 days   16 (0.7)   217 (0.9) 0.94 (0.56–1.57) 0.87 (0.52–1.45)

ARBs only
<90 days   39 (1.7)   384 (1.7) 1.27 (0.90–1.78) 1.07 (0.76–1.52)
90–299 days 158 (6.8) 1378 (5.9) 1.45 (1.20–1.74) 1.35 (1.11–1.64)
≥300 days   259 (11.1)   2557 (11.0) 1.28 (1.10–1.50) 1.16 (0.98–1.36)

All combinations
<90 days   19 (0.8)   166 (0.7) 1.44 (0.89–2.33) 1.31 (0.80–2.13)
90–299 days   249 (10.7) 2274 (9.8) 1.39 (1.19–1.63) 1.23 (1.04–1.47)
≥300 days   706 (30.3)   6181 (26.6) 1.46 (1.29–1.64) 1.20 (1.05–1.38)

OR, odds ratio; CI, confidence interval; ACE inhibitors, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; N/A, not applicable.
Variables are presented as a number (percentage) unless otherwise noticed.
*Cases and controls are matched by age, sex, cohort entry date, and follow-up duration; †Adjusted for income level, Charlson comorbidity index, the number of 
prescriptions, cerebrovascular disease history, complicated or uncomplicated diabetes, hyperlipidemia, hypertension and peripheral vascular disease, and the use 
of alpha-blockers, alpha-glucosidase, aspirin, beta-blockers, calcium channel blockers, diuretics, meglitinide, sulfonylurea, or thiazolidinedione.   
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constructed by collecting reimbursement data from all inpa-
tient and outpatient claim records under a fee-for-service sys-
tem, enabling researchers to collect detailed information about 
the utilization of healthcare resources. Second, the results of 
this study have high external validity and generalizability, 
since the database we used included data from the entire pop-
ulation of South Korea. Therefore, our findings reflect the real-
world situation.

There were some limitations to this study. Although the claim 
database we used contained a large sample that was represen-
tative of the population, there are concerns regarding its valid-
ity. AMD cases were defined according to the diagnoses listed 
in the database, which may differ from the actual diagnoses 
received by the patients. Although the overall positive predic-
tive value of diagnosis was 70%,27 validity remains an issue. 
Additionally, information on medication use was based solely 
on prescriptions, and the actual administration may have dif-
fered. Furthermore, we could not include variables related to 
lifestyle, family history, and cardiovascular factors (e.g., blood 
pressure, HbA1c, and lipid profile), which are possible risk fac-
tors of AMD, as this information was absent from the database. 
However, confounding by cardiovascular factors would be lim-
ited since our study design included a cohort of patients with 
cardiovascular diseases or diabetes mellitus and adjustments 

for comorbidities relevant to cardiovascular disorders. More-
over, there is a possibility of selection bias in which actual pa-
tients with AMD were misclassified as controls, since we could 
not confirm the use of optical coherence tomography, which 
was not a reimbursed procedure during the study period, for 
the diagnosis of AMD. However, this would not cause substan-
tial bias in our results, since there is no conclusive evidence for 
differential disease misclassification rates between exposed 
and unexposed patients. Finally, a previous study showed that 
statins have protective effects against early-stage and exuda-
tive AMD. However, we could not conduct a subgroup analysis 
for AMD stage as specific stages could not be identified using 
our database. Moreover, in the database, there was no informa-
tion about the number of treated eyes. Therefore, the intra-
correlation between eyes could not be investigated. This limita-
tion may have masked any preventive effects of the medications.

In conclusion, we found no evidence that statins, metformin, 
ACE inhibitors, or ARBs prevented the occurrence of AMD in 
elderly patients. We also found no significant relationships 
between the risk of AMD and duration-response or timing of 
medication use. Moreover, we found no significant differenc-
es between age groups, sex, AMD types, and presence of cere-
brovascular diseases, complicated or uncomplicated diabetes 
mellitus, or peripheral vascular diseases.

Table 4. Association between Age-Related Macular Degeneration and Exposure according to the Time of Administration

Exposure Cases* (n=2330) Controls* (n=23278) Crude OR (95% CI) Adjusted ORs† (95% CI)
None   551 (23.7)   6900 (29.6) 1.00 (Reference) 1.00 (Reference)
Statins only

Current use 164 (7.0) 1527 (6.6) 1.37 (1.14–1.64) 1.13 (0.94–1.37)
Recent use   16 (0.7)   145 (0.6) 1.41 (0.84–2.39 1.28 (0.76–2.17)
Past use   30 (1.3)   337 (1.5) 1.13 (0.77–1.65) 0.97 (0.66–1.42)

Metformin only
Current use   81 (3.5)   846 (3.6) 1.22 (0.96–1.56) 1.07 (0.82–1.39)
Recent use   11 (0.5)     99 (0.4) 1.42 (0.76–2.66) 1.25 (0.66–2.36)
Past use   19 (0.8)   117 (0.5) 2.05 (1.25–3.35) 1.65 (1.00–2.73)

ACE inhibitors only
Current use   25 (1.1)   311 (1.3) 1.02 (0.67–1.54) 0.96 (0.63–1.46)
Recent use     3 (0.1)     25 (0.1) 1.54 (0.46–5.10) 1.45 (0.43–4.89)
Past use     0 (0.0)     31 (0.1) N/A N/A

ARBs only
Current use   382 (16.4)   3526 (15.2) 1.37 (1.20–1.57) 1.25 (1.08–1.45)
Recent use   34 (1.5)   318 (1.4) 1.34 (0.93–1.94) 1.22 (0.84–1.77)
Past use   40 (1.7)   475 (2.0) 1.05 (0.75–1.47) 0.91 (0.65–1.28)

All combinations
Current use   906 (38.9)   7803 (33.5) 1.48 (1.32–1.66) 1.25 (1.09–1.42)
Recent use   47 (2.0)   470 (2.0) 1.28 (0.93–1.74) 1.09 (0.79–1.50)
Past use   21 (0.9)    348 (1.5) 0.76 (0.49–1.20) 0.69 (0.44–1.09)

OR, odds ratio; CI, confidence interval; ACE inhibitors, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers, N/A, not applicable.
Variables are presented as a number (percentage) unless otherwise noticed.
*Cases and controls are matched by age, sex, cohort entry date, and follow-up duration; †Adjusted for income level, Charlson comorbidity index, the number of 
prescriptions, cerebrovascular disease history, complicated or uncomplicated diabetes, hyperlipidemia, hypertension and peripheral vascular disease, and the use 
of alpha-blockers, alpha-glucosidase, aspirin, beta-blockers, calcium channel blockers, diuretics, meglitinide, sulfonylurea, or thiazolidinedione.
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