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Abstract

Background Cardiovascular disease (CVD) is a major complication in type 1 diabetes mellitus (T1D) patients. Previous
studies have suggested that statins may be helpful for prevention of CVD in T1D, but there are limited data on the role
of statins in T1D. We investigated the relationship between statin treatment and cardiovascular risk in T1D patients
using a population-based cohort.

Methods We conducted a retrospective cohort study using the Korean nationwide health insurance database

from January 2007 to December 2017. This study included 11,009 T1D patients aged > 20 years without a prior history
of CVD. The primary outcome was a composite development of stroke or myocardial infarction. Statin use during fol-

low-up was treated as a time-varying variable. We performed a multivariable time-dependent Cox regression analysis
adjusting for sex, age, type of insurance, hypertension, renal disease, and use of antiplatelets and renin—angiotensin—

aldosterone system inhibitors.

Results During the mean follow-up of 9.9+ 3.7 years of follow-up, 931 T1D patients (8.5%) suffered primary out-
come. Statin treatment was associated with a reduced risk of the primary outcome (adjusted hazard ratio, 0.76; 95%
confidence interval 0.66-0.88; p <0.001). Statin use led to decreased risks of ischemic stroke and myocardial infarc-
tion, but was not related to hemorrhagic stroke. We also found that the risk of cardiovascular events decreased

as the cumulative exposure duration of statins increased.

Conclusions Statin use was associated with a lower risk of cardiovascular events in T1D patients. Further prospective
studies are needed to confirm the potential role of statins in prevention of CVD in patients with T1D.
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Introduction
Type 1 diabetes mellitus (T1D) is a chronic metabolic
disease precipitated by an immune-associated destruc-
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Statins are a class of lipid-lowering medications and
one of the most widely used drugs worldwide. With good
efficacy and well-established safety, statins remain the
cornerstone in the prevention and treatment of CVD
[3, 4]. In type 2 diabetes mellitus (T2D), statin treat-
ments have beneficial effects on the prevention of CVD
and mortality [5]. Contrary to the cumulative evidence
supporting the use of statins in people with T2D for car-
diovascular prevention, there are very limited data con-
cerning the use of statins in T1D [6]. Regarding the high
CVD risk in T1D, guidelines recommend statin treat-
ment for primary prevention in T1D patients > 40 years of
age [7, 8]. However, these recommendations are mainly
derived from studies on patients with T2D, and the effect
of statins on cardiovascular risk in T1D patients is not
well established. Especially, knowledge of the role of
statins in Asian patients with T1D is lacking [9]. In the
current study, we investigated the association between
statin use and the development of CVD in T1D using a
population-based cohort from the Korean nationwide
healthcare claims database.

Methods

Data source

This study is a retrospective analysis of a population-
based T1D cohort from a nationwide health insurance
claims database in Korea. Korea has a public single-payer
health insurance system that covers the entire nation, and
the Health Insurance Review and Assessment Service
(HIRA) is a government agency specializing in review-
ing medical claims from health care providers and quality
assessment of health care services [10]. For the purpose
of political and academic research with an appropriate
review process, HIRA provides health care claims data
to researchers. The HIRA database contains health care
information from each patient visit to a medical institu-
tion (primary-care clinics, public health centers, general
hospitals, and tertiary referral hospitals), diagnoses, pre-
scriptions, medical procedures, and demographic data.
In the claims data, the diagnoses at each hospital visit are
recorded according to the 10th edition of the Interna-
tional Statistical Classification of Diseases (ICD-10) cod-
ing scheme, and prescription records include drug name,
dose, prescription date, and duration. The provided
claims dataset is anonymized and does not contain any
identifiable information. This study was approved by the
Institutional Review Board of Yongin Severance Hospi-
tal, Yonsei University College of Medicine (9-2021-0119).
The requirement for informed consent in this study was
waived because of its retrospective nature, and analyses
were performed using fully anonymized data.
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Study cohort with T1D

Using population-based healthcare claims data from the
HIRA, we selected patients who received an insulin pre-
scription with a diagnostic code of T1D (ICD-10 code
of “E10”) between 2007 and 2017. Because T1D is often
confused with other types of diabetes mellitus, such as
T2D, we tried to identify T1D patients using strict crite-
ria from a previous study of T1D in Korea [11]. Accord-
ing to the criteria, we only included patients with>3
claims for prescription of insulin. Patients without an
additional insulin regimen established between 1-2 years
after the first insulin treatment were excluded. Patients
who had a diagnosis of another type of diabetes (“E11-
14”) within 2 years of the first insulin prescription were
also excluded. We also excluded patients<20 years of
age in whom the effect of statins is uncertain. Patients
with pancreatic cancer or who underwent total or par-
tial pancreatectomy were excluded. Additionally, those
who had CVD prior to T1D diagnosis (ischemic heart
diseases: “I20-25; stroke: “160—64, 169", carotid artery
stent, carotid endarterectomy, coronary stent insertion,
coronary artery bypass graft) and those with a follow-up
period <90 days were excluded. Figure 1 demonstrates
the inclusion and exclusion of study participants.

Follow-up and study outcomes

The index date and start date of follow-up were defined as
the initial date of insulin prescription with the diagnostic
code of “E10” for T1D in each patient. Patients with T1D
included in the study were followed up to the occurrence
of the primary outcome; censoring; or until December
31, 2020 (the study end date). The primary outcome was
development of a cardiovascular event and was a com-
posite of stroke and myocardial infarction (MI)—which-
ever occurred first. Stroke was determined by admission
with the primary diagnosis of “I60—63” with brain com-
puted tomography or magnetic resonance imaging per-
formed during the admission [12]. MI was defined by
admission with a primary diagnosis of “I21” Diagnostic
accuracies for stroke and MI based on the health claims
data in Korea have been reported as sufficient [13, 14].
The secondary outcome was ischemic stroke (“I163”),
hemorrhagic stroke (“160-62”), or MI (“I121”), which are
components of the primary outcome. In the analysis for
secondary outcomes, individual outcomes were treated
as competing events, and patients experiencing compet-
ing events were censored at the time the event occurred.

Covariates

We collected data on demographics, such as age, sex,
type of insurance (national health insurance and
medical aid from the government), and presence of
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Patients who had at least one claim of
insulin prescription with ICD-10 code of “E10”
(Type 1 diabetes) in HIRA database [2007-2017]
N = 240,927
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A 4

No more than two times of additional insulin prescriptions
after the first prescription (N = 78,730)

No claim for prescription of insulin between 365 and 730 days
after the first prescription of insulin (N = 54,552)

Patients diagnosed type 2 diabetes (E11-14 code) within
730 days after the first prescription of insulin (N = 93,653)

Patients under 20 years of age (N = 2,222)

Patients diagnosed pancreatic cancer or
underwent pancreatectomy (N = 287)

A

Patients with type 1 diabetes
N =11,483

Prior cardiovascular disease or procedure (N = 392)

Follow-up < 90 days (N = 82)

Final study inclusion of patients with type 1 diabetes
N =11,009

Fig. 1 Flow chart of patient enrollment

hypertension and renal disease from the HIRA data-
base. The public health care system in Korea is a two-
tiered system of national health insurance and medical
aid. The Korean medical aid program provides free or
reduced-cost care for low-income families and indi-
viduals. The remaining proportion of the population
is covered by national health insurance. The presence
of hypertension was considered if the patient received
anti-hypertensive agents and had the correspond-
ing diagnostic codes of hypertension (ICD-10 codes
“I10-137% “I15”) [15]. Renal disease was identified by the
presence of relevant diagnostic codes (ICD-10 codes
“N17-19% “E10.2” or “I12-13”) or claims of hemodi-
alysis, peritoneal dialysis, and/or procedures related to
renal disease [12, 16].

Use of statins, antiplatelets, and RAAS inhibitors

During the study period, we collected prescription data
(drug name, dose, and duration) from the HIRA data-
base for statins (atorvastatin, fluvastatin, lovastatin,
pitavastatin, pravastatin, rosuvastatin, and simvasta-
tin) and oral antiplatelets (aspirin, clopidogrel, ticlopi-
dine, ticagrelor, prasugrel, triflusal, dipyridamole, and
cilostazol) in each patient. Because medication intake
varies over time, treatments involving these medica-
tions during the follow-up period have a time-varying
feature. Additionally, we assessed the use of renin—
angiotensin—aldosterone system (RAAS) inhibitors,
such as angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers, in each patient through-
out the follow-up period. On each day of the follow-up
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period, the use of medications was determined by pre-
scription coverage (Fig. 2). In the analyses, the use of
medications (statins, antiplatelets, and RAAS inhibi-
tors) was treated as a time-dependent variable.

Statistical analyses
Characteristics are expressed as mean * standard devia-
tion values for continuous variables and number (%) for
categorical variables. To evaluate whether treatment
with statins was associated with the occurrence of a sub-
sequent stroke or MI, we calculated hazard ratio (HR)
and 95% confidence interval (CI) values based on a time-
dependent Cox proportional hazards regression model
for the development of cardiovascular events, which
included the use of statins as a time-dependent variable.
Adjustments were performed for sex, age, type of insur-
ance, presence of hypertension and renal disease, use of
antiplatelets and RAAS inhibitors. The assumption of
proportional hazards for use of statins in the Cox regres-
sion model was tested by calculating the Schoenfeld
residuals using the “cox.zph” function in the R package
of “survival” and was satisfactory. To evaluate the poten-
tial interactions with statin treatment, we performed
subgroup analyses according to sex, age group (20-39
or >40 years), and enrollment period.

As an additional sensitivity analysis, we conducted a
nested case—control study with the T1D cohort [17].

T1D Statin
index date prescription
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In this design, cases are patients who experienced the
primary outcome during the follow-up period. For each
case, we matched three controls with replacements
from the cohort (1:3 matching) who were free from
the event at the time of the primary outcome in their
matched case by incidence density sampling. Cases and
controls were matched for all collected variables except
the use of statins (sex, age [+ 1 year], type of insurance,
presence of hypertension, renal disease, use of anti-
platelets and RAAS inhibitors). Conditional logistic
regression analysis was performed with the matched
case—control groups to estimate the odds ratio (OR)
and 95% CI for the primary outcome according to statin
treatment. We also evaluated the risk for the primary
outcome according to cumulative exposure duration
to statins instead of the use of statins. The cumulative
exposure duration to statins was calculated as the sum
of days of statin treatment between the index date and
the time of the primary outcome, which was subdivided
into three categories of < 1 year, 1-3 years, and > 3 years.
We used the group of cumulative exposure duration to
statins <1 year as the reference category to investigate
the results for each duration group. Statistical analyses
were performed using SAS (version 9.4; SAS Institute,
Cary, NC, USA) and R software (version 3.3.3; The R
Foundation for Statistical Computing, Vienna, Austria;

Study end date

Patient 1
Duration is determined by the number of days in each prescription record
Patient 2 h
Patient 3 —b
l Stroke
pationt 4 _
Patient 5
|

Follow-up period after the index date

- time period covered by statins
- time period not covered by statins X

v

End of follow-up by
QO censoring

event outcome

Fig. 2 An example of determining the prescription of a statin as a time-dependent variable
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http://www.R-project.org/). P values were two-sided,
and P<0.05 was considered statistically significant.

Results

Characteristics of the included T1D patients

According to the inclusion and exclusion criteria, 11,009
patients with T1D aged >20 years were included in this
study (Fig. 1). Among the included T1D patients, 6785
(61.6%) were men, and the mean age at enrollment was
50.7+15.2 years. For the type of health insurance, 805
patients (7.3%) were eligible for medical aid from the
government, while 10,204 patients (92.7%) were covered
by the National Health Insurance Service. Hypertension
and renal disease were present in 4548 (41.3%) and 1508
(13.7%) patients, respectively (Table 1). At the index date,
7% of patients were taking statins, while 17% were doing
so at 90 days. However, although this number increased
over time, it did not reach 50% even 10 years after T1D
diagnosis (Table 2).

Associations between statin treatment and cardiovascular
events

During the mean follow-up period of 9.9+3.7 years,
931 patients (8.5%) experienced the primary outcome
of cardiovascular event. As a first cardiovascular event,
669 (71.9%) patients suffered stroke (ischemic stroke:

Table 1 Baseline characteristics of included patients

Variable Total (n=11,009)
Sex, male 6785 (61.6)
Insurance type
Health insurance 10,204 (92.7)
Medical aid 805 (7.3)
Age, years 50.7£15.2
Comorbidities
Hypertension 4548 (41.3)
Renal disease 1508 (13.7)
Index year
2007-2008 6456 (58.6)
2009-2012 2950 (26.8)
2013-2017 1603 (14.6)

Data are represented as number of participants (%) or mean + standard
deviation
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553 patients; hemorrhagic stroke: 116 patients), and 262
(28.1%) suffered MI. Among patients who experienced
the primary outcome, 32.3% were taking statins at the
time of the event. In multivariable time-dependent Cox
analysis, statin treatment was significantly associated
with decreased risk of cardiovascular events (adjusted
HR, 0.76; 95% CI 0.66—0.88) (Table 3). During the sec-
ondary outcome analyses to identify the effects of sta-
tin on individual outcomes, statin use was significantly
associated with low risk of ischemic stroke (adjusted HR,
0.74; 95% CI 0.61-0.89) and MI (adjusted HR, 0.74; 95%
CI 0.56-0.96), whereas there was no association between
statin use and hemorrhagic stroke (Table 4).

In subgroup analyses (Fig. 3), the beneficial effect of
statins was present in both male (adjusted HR, 0.88;
95% CI 0.74—1.06) and female (adjusted HR, 0.60; 95%
CI 0.48-0.76), but the statistical significance was only
found in female. Both the 20-39-year-old (adjusted HR,
0.75; 95% CI 0.40-1.40) and the >40-year-old (adjusted
HR, 0.71; 95% CI 0.61-0.82) groups showed a tendency
to be associated with a low rate of the primary outcome
on statins, but statistical significance was present only in
those >40-year-old. There was no significant interaction
between the association of statin and low cardiovascu-
lar events according to the type of health insurance or
enrolled year.

Nested case-control study

In the nested case—control analysis performed as a sen-
sitivity analysis, 675 cases (patients with the primary
outcome) were matched to 2025 controls without the
primary outcome using 1:3 incidence density sampling
(Table 5). The cases and controls were fully matched
according to baseline characteristics, the use of antiplate-
lets and RAAS inhibitors. The proportion of those taking
statins was lower in the case group than in the control
group (32.4% in the case group vs. 38.4% in the control
group). In the conditional logistic regression analysis,
statin treatment was significantly associated with a lower
risk of cardiovascular events (OR, 0.73; 95% CI 0.59-
0.89). When we evaluated the risk according to the dura-
tion of cumulative exposure to statins, as the amount of
cumulative exposure to statins increased, the risk of car-
diovascular events decreased (1-3 years: OR, 0.73 [95%
CI 0.57-0.94] and > 3 years: OR, 0.60 [95% CI 0.47-0.77]

Table 2 Proportion of type 1 diabetes patients taking statins over time after cohort enroliment

Index date +90 days +2 years +4 years +6 years +8 years +10 years
Statin users 773 (7.02) 1894 (17.20) 2220 (20.49) 2740 (27.20) 2968 (34.29) 2952 (38.87) 2561 (43.66)
Number at risk 11,009 11,009 10,832 10,072 8955 7595 5864

Data are number (%)
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Table 3 Factors associated with occurrence of the primary outcome
Variable Univariable HR [95% Cl] P value Adjusted HR [95% CI]? P value
Sex, male 1.16 [1.01-1.32] 0.035 1.38[1.20-1.58] <0.001
Age, years 1.05 [1.05-1.06] <0.001 1.05[1.04-1.05] <0.001
Insurance type
Health insurance 1 (Ref) - 1 (Ref) -
Medical aid 1.35[1.08-1.69] 0.009 1.35[1.07-1.70] 0.010
Comorbidities
Hypertension 2.04[1.79-2.32] <0.001 1.26 [1.08-1.48] 0.004
Renal disease 1.32[1.10-1.59] 0.003 1.18 [0.98-1.43] 0.080
Medication
Antiplatelet 1.81[1.59-2.07] <0.001 1.32[1.14-1.53] <0.001
RAAS inhibitor 1.36 [1.19-1.56] <0.001 0.89[0.76-1.04] 0.131
Statin 0.96 [0.83-1.10] 0.531 0.76 [0.66-0.88] <0.001

Data were obtained from a multivariable time-dependent Cox proportional hazard regression model
Cl confidence interval, HR hazard ratio, RAAS renin-angiotensin-aldosterone system
2 Adjusted for sex, age, insurance type, hypertension, renal disease, and medications

Table 4 Secondary outcome analysis according to statin treatment

Medication Adjusted HR [95% CI]?
All stroke Ischemic stroke Hemorrhagic stroke Myocardial infarction
Number of events 669 553 116 262
Statin 0.77 [0.65-0.92], 0.74 [0.61-0.89], P=0.002 0.96 [0.65-1.42], P=0.854 0.74 [0.56-0.96], P=0.025
P=0.003

Data were obtained from a multivariable time-dependent Cox proportional hazard regression model

HR hazard ratio, Cl confidence interval

2 Adjusted for sex, age, insurance type, hypertension, renal disease, and treatment with antiplatelets and renin-angiotensin-aldosterone system inhibitors

compared to<1 year). The dose-response association
between longer cumulative exposure to statins and lower
risk was seen for ischemic stroke and myocardial infarc-
tion, but not for hemorrhagic stroke (Table 6).

Discussion

In this population-based T1D cohort study, we evalu-
ated the risk of CVD according to statin treatment. The
number of 11,483 adult T1D patients is in line with the
estimate of the registry study conducted in Korea [11]. In
patients with T1D, treatment with statins was associated
with a 24% lower risk of CVD. The association between
statin use and fewer cardiovascular events was consistent
in sensitivity analysis with a nested case—control design,
and we also observed that fewer cardiovascular events
occurred over a longer period of statin treatment.

It is well known that cardiovascular risk is increased
in T1D patients [18]. Indeed, in our cohort study with
11,009 T1D patients, approximately 1 in 12 without pre-
vious CVD experienced a stroke or MI during the 10 year
follow-up period. Several studies have demonstrated that
development of cardiovascular complications is common

in T1D patients, and the risk of CVD in T1D is greater
than that in T2D patients [19, 20]. A cohort study con-
ducted in the United Kingdom reported a 3.6- to 7.7-fold
increase in major CVD in T1D patients compared to the
general population [21]. Cardiovascular mortality in T1D
patients is higher than that both in the general population
and in T2D patients [19, 22]. Currently, CVD remains the
leading cause of morbidity and mortality in T1D patients
[23-25]. Considering the relatively early onset of T1D
patients compared to T2D patients, development of CVD
in T1D patients leads to more life-years lost [26].

The mechanism of high CVD risk in T1D is not fully
understood, but long-term exposure to hyperglycemia,
oxidative stress, and low-grade inflammation are char-
acteristics of T1D and can contribute to the develop-
ment and progression of vascular complications [27].
T1D is associated with a higher prevalence and more
rapid progression of coronary atherosclerosis [28, 29].
Furthermore, the presence of both traditional and non-
traditional cardiovascular risk factors is frequently con-
firmed in T1D patients, and metabolic syndrome is also
commonly observed [30, 31]. Hyperglycemia due to a
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Patients outcome Adjusted HR 95% Cl  P-Value P for interaction
Sex 0.043
Female 4,224 331 e : 0.60 0.48-0.76 <0.001
Male 6,785 600 }—.—Ei 0.88 0.74-1.06 0.184
Age : 0.120
20-39 2,759 56 ——— 0.75 0.40-140  0.367
240 8,250 875 e E 0.71 0.61-0.82 <0.001
Insurance type 0.484
General Health insurance 10,204 849 = 2 E 0.79 0.67-0.91 0.002
Medical aid 805 82 }—0—1: 0.59 0.35-0.99 0.045
Index year 0.721
2007-2008 6,456 689 }—H: 0.81 0.68-0.97 0.020
2009-2012 2,950 196 }—0—5 0.74 0.54-1.00 0.053
2013-2017 1,603 46 }—0—51 0.59 0.31-1.12 0.107
00 05 10 15 20
Hazard Ratio (95% Cl)
Fig. 3 Subgroup analysis of cardiovascular disease occurrence according to statin treatment
Table 5 Characteristics of cases and matched controls in the nested case—control study
Variable Case n=675 Control n=2025 0Odds ratio [95% Cl] P value
Sex, male 400 (68.1) 1,380 (68.1) Matched
Age, years 578+104 578+104 Matched
Insurance type Matched
Health insurance 668 (99.0) 2004 (99.0)
Medical aid 7(1.0) 21(1.0)
Comorbidities
Hypertension 352 (52.1) 1056 (52.1) Matched
Renal disease 39(5.8) 117 (5.8) Matched
Medication
Antiplatelet 261 (38.7) 789 (38.7) Matched
RAAS inhibitor 302 (44.7) 906 (44.7) Matched
Statin 219 (324) 778 (38.4) 0.73[0.59-0.89] 0.002
Cumulative statin exposure
<1 year 431 (63.9) 1129 (55.8) 1 (Ref)
1-3 year(s) 103 (15.3) 352(17.4) 0.73[0.57-0.94] 0.015
>3 years 141 (20.9) 544 (26.9) 0.60[0.47-0.77] <0.001

Cl confidence interval, RAAS renin-angiotensin-aldosterone system

defect in insulin secretion in T1D also contributes to an
increased risk of cardiovascular events [32].

Statins have been established to be beneficial for pre-
venting cardiovascular events, which are major compli-
cations in T2D patients [33]. Based on the cumulative
evidence, statin therapy is recommended for primary

and secondary prevention of CVD in diabetic patients
who are at greater risk [7]. Evidence from multiple large-
scale randomized controlled trials of statin treatment
suggests that the beneficial effect of statins on CVD is
largely attributable to decrease of low-density lipopro-
tein cholesterol (LDL-C) [34]. In a study using Swedish
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Table 6 Risk of individual outcome according to treatment with statin in the nested case—control study

Variable Primary outcome?® Secondary outcome

All Ischemic stroke

stroke

Hemorrhagic stroke Myocardial infarction

Statin 0.73[0.59-0.89], P=0.002 0.81
[0.63—
1.03],

P=0.083
Cumulative statin exposure
1 (Ref) 1 (Ref)

0.73[0.57-0.94], P=0.015 0.80
[0.60-
1.07],
P=0.131

0.60 [0.47-0.77], P<0.001 0.66
[0.49-
0.88],
P=0.005

<1 year 1 (Ref)

1-3 year(s)

>3 years

0.76 [0.58-0.99], P=0.039

0.82 [0.60-1.12], P=0.219

0.63 [0.45-0.87], P=0.005

1.12[0.62-2.00], P=0.710 0.56 [0.38-0.82], P=0.003

1 (Ref)
0.69[0.33-1.48], P=0.345

1 (Ref)
0.58 [0.35-0.95], P=0.031

0.81[0.41-1.58], P=0.531 0.46 [0.29-0.74], P<0.001

Data are expressed as odds ratio [95% confidence interval] obtained from conditional logistic regression analyses using the nested case-control dataset matched for
sex, age, insurance type, comorbidities, and treatment with antiplatelets and renin-angiotensin-aldosterone system inhibitors

2 Composite of stroke or myocardial infarction

national diabetes registry data, LDL-C was a significant
predictor of death and CVD in patients with T1D [32].
For each 1 mmol/L increase of LDL-C level in T1D, there
was a 35-50% greater CVD risk. Meanwhile, a low level
of LDL-C in T1D was negatively associated with coro-
nary atherosclerosis [35]. The relationship between the
LDL-C-lowering effect of statins and a proportional
reduction in CVD events is consistent between patients
with T1D or T2D and non-diabetic individuals [36, 37].
In addition to lowering the LDL-C level, statins have
multiple pleiotropic effects such as improving endothe-
lial dysfunction, increasing nitric oxide bioavailability,
inhibiting inflammatory responses, and stabilizing ath-
erosclerotic plaques [38]. T1D patients have elevated
levels of plasma markers, which reflect inflammation and
endothelial dysfunction even before the clinical mani-
festation of macroangiopathy [39]. Elevated markers of
inflammation and endothelial dysfunction are associated
with a high risk of CVD in T1D patients [40, 41]. Admin-
istration of statins reduces the levels of inflammatory
markers and improves endothelial dysfunction, although
it is unclear whether statins have a similar effect in T1D
[42].

There is a concern that the use of statins in T1D
patients may adversely affect diabetes itself [43]. Con-
cerns about impaired glycemic control and increased
risk of diabetes with statin treatments are major discour-
ages of adherent use of statins in clinical practice. In a
study of T1D patients, statin use was associated with
an increased level of HbAlc, reflecting the presence of

impaired glycemic control [44]. A report also suggests
that statins deteriorate insulin sensitivity in T1D patients
[45]. Therefore, it is unclear whether regular statin use
for the primary prevention of CVD is beneficial for T1D
patients. In the current study, we demonstrated that sta-
tin use, particularly longer cumulative use, is associated
with a lower risk of CVD. Our study suggests that the use
of statins would assist with primary cardiovascular pre-
vention in T1D patients at high risk. Whether the use of
statins can promote hemorrhagic stroke is also a concern
that inhibits statin use [46]. However, we did not find a
significant relationship between the use of statins and
hemorrhagic stroke in T1D patients.

In the subgroup analysis of the current study, the
cardiovascular preventive effect of statins in T1D was
more prominent in females than males. Currently, we
did not have a clear answer whether this finding is coin-
cidental or whether there is a notable sex difference
in the effect of statins on T1D. One hypothesis is that
the more prevalent risk factors, unhealthy lifestyles,
and poor drug adherence in males might interrupt the
beneficial effect of statins. Further study is needed for
this topic. Statin treatment led to fewer cardiovascu-
lar events in both those >40 years and 20-39 years of
age. However, this relationship was only significant in
the > 40 years age group. We suppose that this trend
is due to a lack of statistical power in the younger age
group, as most cardiovascular events occurred in par-
ticipants >40 years of age. The current guideline for
statin use in T1D patients is in accordance with the
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guidelines established for T2D patients, and it is rec-
ommended to use statins in T1D patients>40 years
of age and selectively use statins in those 20-39 years
old according to cardiovascular risk [47]. However, the
evaluation of individual cardiovascular risk is chal-
lenging [48, 49]. The role of statins for primary pre-
vention in T1D patients aged 20-39 years is unclear;
further studies are needed to establish whether statin
therapy is beneficial in this patient group. In the cur-
rent study, although the use of statins in T1D patients
has increased over time, only one-third of patients were
receiving statins at the time of the cardiovascular event.
In patients with T1D, the use of statins was substan-
tially less common than the guidelines suggested, and
the difference is greater in view of primary prevention
compared to secondary prevention for CVD [50, 51].
Given this low statin usage rate, clinicians need to more
actively consider the use of statins for T1D patients and
increase patient adherence to statins.

Our study has several limitations. First, because this
was a retrospective study, there may be bias. Also, this
study used a cohort derived from a single ethnic group.
Since the characteristics of CVD and T1D may vary by
country or ethnicity, caution is needed in generalizing
the results. The use of health care claims data also pro-
duces limitations. We could not get clinical data such
as the degree of control of diabetes (including HbAlc
and glucose level) or the lipid profile of individual
patients. We also did not know the indications for sta-
tin use; there is a possibility of statins being used only
in patients with poor lipid profiles, but this could not
be verified. Although strict criteria were used to accu-
rately identify T1D patients, our dataset may include
misdiagnosis or inadequate information due to the
inherent limitation of health claims data. Based on the
claims data and utilizing several criteria, patients with
T1D were identified and an index date was established.
However, this index date may differ from the onset of
T1D. Finally, there might be a difference between the
prescription records issued by physicians and the
patients’ actual medication intake. However, several
strengths highlight the significance of this study. Unlike
many Western countries, Korea has a very low preva-
lence of T1D patients [11]. Therefore, we had to con-
duct this study using nationwide healthcare claims
data. Using a population-based cohort, we were able to
include a relatively large number of patients with T1D
and evaluate long-term data to reveal the relationship
between the development of CVD and statin treatment
in T1D in real-life practice. In addition, to increase
the strength of the research results, we reconfirmed
the association between statin use and CVD in T1D
patients by performing additional sensitivity analysis
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using a nested case—control study. We also identified a
trend toward reduced CVD risk in T1D patients with
a longer duration of statin treatment. In addition, we
performed a subgroup analysis according to insurance
status, which can indirectly reflect economic status,
and confirmed that statin use is related to CVD risk
regardless of insurance status. Our research data from
an Asian T1D population consistently showed that sta-
tin treatment could contribute to CVD risk reduction
in the high-risk group. In addition to the existing evi-
dence that statin administration in T1D patients can
contribute to CVD risk reduction [9], the present study
provides supporting evidence for the current guideline
recommending statin administration in T1D patients.

Conclusions

In this nationwide T1D cohort study, the use of statins
was associated with an ~25% reduction in CVD. Also,
statins were being used less frequently than recom-
mended in the guidelines. As the actual use of statins
was not sufficient, more aggressive use of statins for
CVD prevention in T1D patients should be considered.
Further prospective studies are needed to confirm the
results of this study.
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