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ABSTRACT

Objectives To describe the occurrence of recurrent
atherosclerotic cardiovascular disease (ASCVD) events
within 3 years after a new-onset event, the associated
disease burden and statin prescribing in patients with
ASCVD in Taiwan.

Design Retrospective cohort study.

Setting This was a retrospective cohort study using
Taiwan’s National Health Insurance Research Database.
Participants In total, 111 399, 133 538 and 21 572
patients who were hospitalised with diagnosis of coronary
heart disease (CHD), cerebrovascular disease (CBVD) and
peripheral artery disease (PAD), respectively, between 1
January 2012 and 31 December 2014.

Primary and secondary outcome measures For each
index and recurrent event, patients were observed for

12 months after admission to quantify risks of mortality,
recurrent events, statin treatment and healthcare use.
Results We identified 97 321, 120 914 and 14 794

patients with new-onset CHD, CBVD and PAD, respectively.

The proportions of developing first, second and third
recurrent events were 22.5%, 25.6% and 30.9% for CHD;
20.9%, 26.2% and 32.4% for CBVD and 40.2%, 41.4%
and 43.6% for PAD, respectively. Most patients had the
same type of ASCVD for their recurrent events as their
new-onset event. The mortality rates increased with each
recurrent event (p<0.05 for all three ASCVD groups).

The rates of hospital readmission and emergency room
(ER) visit increased with increasing recurrent events. For
example, in the CHD group, the 1-year readmission rates
following the index, first and second recurrent events
were 43.1%, 47.6% and 55.3%, respectively, and the
proportions of visiting ER were 46.4%, 51.9% and 57.8%,
respectively. Statin prescribing was suboptimal at time of
index event and recurrent events.

Conclusion Recurrent ASCVD events were associated
with a higher risk of recurrent event and mortality and
greater healthcare use. However, statin prescriptions

at index event and after each recurrent event were
suboptimal.

> Hung-Ju Lin,? Ho-Min Chen,’
Yea-Harn Yang,® Wei-Ju Chen,® Chieh-Min Chen,* Fei-Yuan Hsiao

4,5,6

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This retrospective cohort study using Taiwan’s na-
tional health insurance claims data, which provides
nationwide estimates of recurrent atherosclerotic
cardiovascular disease (ASCVD) events.

The methodology is noteworthy in capturing up to
third recurrent ASCVD events and its associated
mortality and healthcare use due to its longitudinal
study design.

As with all studies using claims data, healthcare
uses that are not covered by the national health in-
surance are not captured in this study.

INTRODUCTION

Atherosclerotic cardiovascular  disease
(ASCVD)  comprises acute  coronary
syndrome, myocardial infarction (MI),

unstable angina, coronary or other arterial
revascularisation, transient ischaemic attack
and peripheral artery disease (PAD).' Patients
who have had a first ASCVD event have an
increased risk for future events compared
with those with no events.'

Prior studies have indicated that some
ASCVD patients develop recurrent events
within a relatively short period.** For
example, in a US study comprising 48 688
Medicare beneficiaries with index acute MI,
the recurrence rate remained relatively high
for patients experiencing acute MI or coro-
nary heart disease (CHD), at 68.5 and 124.9
per 1000 person-years, respectively, during
2007-2009.% In a cohort of 7870 patients with
acute MI enrolled in the Osaka Acute Coro-
nary Insufficiency Study, 353 patients (4.5%)
experienced recurrent MI with a median
follow-up of 8.9 years.” Another study of 1 96
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765 patients with ischaemic stroke in the Swedish Stroke
Register (Riksstroke) reported that 11.3% had a recur-
rent ischaemic stroke within 1 year.”

In addition, as different ASCVD events share common
risk factors, such as hypertension, hypercholesterol-
emia, diabetes mellitus and smoking, some studies have
suggested that the recurrent event may not be identical to
the index event. For example, 1.4% of patients discharged
after acute MI experienced a stroke event during the next
12 months.® Therefore assessing for other types of recur-
rent ASCVD events in addition to the index event type
may produce a more complete picture of recurrent event
risk, but examples of such an approach in the literature
are rare.

Although the development of recurrent ASCVD events
has been investigated, most existing studies observe event
rates and outcomes associated with the first ASCVD recur-
rence; data on event rates beyond the first recurrence are
limited. The epidemiology of ASCVD events and the treat-
ment patterns of these patients are not well understood,
particularly in Taiwan. First, it is not known if recurrent
ASCVD events incur a higher burden to patients in terms
of healthcare use or mortality. Second, it is not clear
whether these high-risk patients receive lipid-lowering
treatment as recommended by the international guide-
lines." 7 Previous studies have suggested that patients with
a history of CVD events are often undertreated. Data
from Europe show that 80% of such patients are not
at low-density lipoprotein (LDL) target, and in low-to-
middle income countries fewer than 10% of patients are
on multidrug treatment.®

Therefore, the aim of this study is to evaluate the
temporal pattern and healthcare burden of recurrent
ASCVD events within 3 years following a new-onset
ASCVD event (index event) in patients in Taiwan. For
each ASCVD event (index, first and second recurrent
events), we followed up to 18 months after admission to
estimate risk of mortality and recurrent events. Health-
care use was also estimated following each event using the
same landmark approach.

METHODS

Data source

This retrospective cohort study used data from Taiwan’s
National Health Insurance Research Database (NHIRD)
from 1 January 2010 to 31 December 2017, provided by
the Health and Welfare Data Science Center, Ministry of
Health and Welfare (HWDC, MOHW). Taiwan’s National
Health Insurance (NHI) system is a mandatory, single-
payer health insurance programme, which provides
comprehensive benefits including inpatient care, ambu-
latory care, dental care and prescription drugs to its
beneficiaries. Over 99% of Taiwan’s 23 million people
are covered by the NHI. The NHIRD is a database of
uniquely identified claims and transactions for all covered
services used by patients enrolled in the programme. It
provides patient-level information for research, including

demographic, clinical, medical resource use (ambu-
latory care claims, emergency room (ER) claims and
inpatient claims) and treatment patterns. All traceable
personal identifiers were encrypted to protect patient
confidentiality.”

Study design

This was a retrospective longitudinal study using Taiwan’s
NHIRD. Figure 1 illustrates the study design. We iden-
tified patients with a new-onset ASCVD event (index
event) and followed up their recurrent ASCVD events
(first, second and third recurrent events). The date of the
new-onset event was defined as the index date. The 2-year
baseline period before the index date was examined to
ensure that patients had no history of prior ASCVD and to
ascertain baseline characteristics. The observation period
for recurrent events was from the index date (inclusive
of index date) to death or 3 years after the index date,
whichever came first.

For each ASCVD event (index, first and second recur-
rent event), we observed patients for 12 months after
admission to estimate risks of mortality and recurrent
events and healthcare use. Sensitivity analyses using
follow-up durations of 6 and 18 months were performed.

Study population

All patients in the NHIRD with a primary ASCVD event
during 1 January 2012 through 31 December 2014 and
aged 20 years or above were included in this study. An
ASCVD event was defined as a hospitalisation with a
primary or a first secondary discharge diagnosis of
ASCVD. In addition, no history of hospitalisation with
any ASCVD diagnosis within 2 years prior to the index
event was required to guarantee new-onset events (index
event).

We categorised patients with new-onset ASCVDs into
three categories using International Classification of
Diseases version 9 and 10 (ICD-9/10-CM) codes: (1)
those with CHD, including MI (ICD-9-CM codes 410.x,
412; ICD-10-CM codes 121, 122, 125.2), angina (ICD-9-CM
codes 411.1, 413.x; ICD-10-CM code 120) and other isch-
aemic heart disease (ICD-9-CM codes 411.0, 411.8x; ICD-
10-CM code 124); (2) those with cerebrovascular disease
(CBVD), including ischaemic stroke (ICD-9-CM codes
433.x1, 434.x1; ICD-10-CM code 163) and transient isch-
aemic attack (ICD-9-CM codes 435.8, 435.9; ICD-10-CM
codes G45.0-G45.2, G45.8-G45.9) and (3) those with
PAD (ICD-9-CM codes 250.7x, 440.2x, 440.8, 440.9, 443.9,
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444.2x, 444.9; ICD-10-CM codes E10.5, E11.5,170.2-170.9,

173.9, 174.3, 174.5, 175). Patients diagnosed with more
than one type of ASCVD in new-onset hospitalisation
were excluded to avoid interaction effects of dual ASCVD
events on outcome measurements.

In total, we identified 111 399, 133 538 and 21 572
patients who were hospitalised with a diagnosis of CHD,
CBVD or PAD, respectively, between 1 January 2012 and
31 December 2014.
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Figure 1
disease; PAD, peripheral artery disease.

Study variables

Index event and recurrent event

This study identified the index event as the date of new-
onset ASCVD events and defined recurrent ASCVD
events as occurring within the 3 years of follow-up after
the index event (sequentially characterised as a first,
second or third recurrent event). Recurrent ASCVD
events, defined as a hospitalisation with the primary or
the first secondary discharge diagnosis of ASCVD, were
also classified as CHD events, CBVD events or PAD events.
Length of hospital stay of each event was calculated in
days. Time between events was calculated in days between
the discharge date of the event and the admission date of
the next event. Follow-up time of each event was calcu-
lated in months from the discharge of each event until
the end of study follow-up.

Study design. ASCVD, atherosclerotic cardiovascular disease; CBVD, cerebrovascular disease; CHD, coronary heart

Risk of mortality and recurrent event

Following each ASCVD event, mortality was identified
using the National Death Registry (linked to the NHIRD
by encrypted personal identities). Recurrent events were
identified using the definition mentioned above. Risk of
mortality associated with a recurrent event was followed
up from discharge after each event to occurrence of the
outcome or 31 December 2017, whichever came first.

Healthcare use

Healthcare use following each ASCVD event (index, first
and second recurrent event), excluding use for the event
itself, was estimated for 12 months following discharge
after the event. Healthcare use was estimated by calcu-
lating the number of outpatient visits, ER visits and
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readmissions. Sensitivity analyses using follow-up dura-
tions of 6 and 18 months were performed.

Statin use

Proportions of patients prescribed statins following each
ASCVD event (index, first and second recurrent event)
were calculated for 12 months following admission for the
event. During the study period (2012-2017), statins were
used as the major lipid-lowering therapy in the Taiwan
NHI system, while ezetimibe was reimbursed when used
in combination with statin treatment.'’ Therefore, we
only described statin use in this study. Sensitivity anal-
yses using follow-up durations of 6 and 18 months were
performed.

Statistical analysis

Variables were summarised through descriptive anal-
yses, including tabular and graphical display of mean,
standard deviation (SD), median and the interquartile
range (IQR) for continuous variables and frequency and
percentage for categorical variables.

Following each ASCVD event, risk of all-cause mortality
and risk of recurrent event over time were estimated
and compared across patients who developed desig-
nated subsequent events. For example, among patients
with new-onset CHD, the risk of all-cause mortality for
the index event was calculated from the time of index
event till the end of observation; the mortality risk for the
first subsequent event was calculated from the time they
developed the first recurrent event till the end of observa-
tion, similarly for those developed with the second recur-
rent event (online supplemental file 1). The data were
presented as Kaplan-Meier survival curves. For estimating
risk of recurrent events, we conducted Fine and Gray
analysis to account for competing risks of death.

Statistical analysis was performed using SAS V.9.4 (SAS
Institute, Cary, North Carolina). Two-sided p<0.05 were
considered statistically significant.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting or dissemination plans
of this research.

RESULTS

Study population

We identified 111 399, 133 538 and 21 572 patients who
were hospitalised with a diagnosis of CHD, CBVD or PAD,
respectively, between 1 January 2012 and 31 December
2014. We excluded patients with a history of ASCVD in
the 2 years prior to the index event and patients younger
than 20 years of age. Patients with multiple ASCVD types
at the index event were excluded (985 patients in the
CHD cohort; 1068 patients in the CBVD cohort and 353
patients in the PAD cohort). Therefore, we analysed the
records of 97 321, 120 914 and 14 794 patients with new-
onset CHD, CBVD and PAD, respectively (selection flow

of study population in online supplemental file 2). Base-
line characteristics showed that 68.5%, 59.5% and 57.7%
of patients were men, with median age 65, 71 and 74
years in the CHD, CBVD and PAD groups, respectively
(table 1).

Index event and recurrent events

Among the new-onset patients, 22.5% of patients with
CHD (21 902/97 321), 21.0% of patients with CBVD
(25 337/120 914) and 40.2% of patients with PAD (5
951/14 794) had at least one recurrent event (table 1).
The proportion of patients developing a recurrent event
during follow-up increased with each additional event that
occurred (the proportions developing the first, second
and third recurrent events were 22.5%, 25.6% and 30.9%
for CHD; 21.0%, 26.2% and 32.4% for CBVD and 40.2%,
41.4% and 43.6% for PAD; online supplemental file 3).

With more recurrent events, there was a trend towards
a shorter median time to next event in patients with CHD
(213 days from index event to first recurrent event; 176
days from first to second recurrent event; 124 days from
second to third recurrent event) or CBVD (162 days;
99 days; 72 days), but not in those with PAD (112 days;
112 days; 115 days). The median length of hospital stay
showed little change between events in CHD and PAD
groups, whereas an increasing trend was observed in
CBVD group (from 7 days for index event to 11 days for
third recurrent event).

Most patients had the same type of ASCVD for their
recurrent events as for their index event; 66%-81% of
patients with new-onset CHD had CHD at first recur-
rence, whereas this percentage was 79%-84% for CBVD
and 76%-78% for PAD (online supplemental file 3).
When assessing these data by ASCVD type, the propor-
tion of PAD events increased with each additional event
in the CHD group (from 6% for the first recurrent event
to 19% for the third recurrent event) and CBVD group
(from 4% for the first recurrent event to 9% for the third
recurrent event). In contrast, the proportions of CHD
and CBVD remained stable across recurrences in the non-
CHD (CBVD/PAD) and non-CBVD (CHD/PAD) groups,
respectively (online supplemental file 3).

Risk of mortality and recurrence rate following each event
For patients with PAD with one recurrent event, the
mortality rate was 40.5%; patients with CHD or CBVD
with one recurrent event had mortality rates of 21.8% and
25.8%, respectively. The survival rates decreased as recur-
rent events accumulated (p<0.05 for all three ASCVD
groups; figure 2). The l-year survival rates following the
index event, first recurrent event and second recurrent
event in the CHD group were 85.9%, 84.4% and 79.8%,
respectively (online supplemental file 4). For patients
with CBVD or PAD, l-year survival rates were highest after
the index event, compared with later events, and survival
rates were similar following the first and second recur-
rent event (CBVD: 85.9%, 83.0% and 83.3%, respectively;
PAD: 77.0%, 73.7% and 72.5%, respectively.
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Table 1 Patient demographics and characteristics of each event
First recurrent Second recurrent Third recurrent
Index event event event event

CHD
Patients, n 97321 21902 5601 1731
Male, n (%) 66690 (68.5)
Age, years, median (Q1-Q3) 65 (56-77)
Length of stay, days

Median (Q1-Q3) 4 (2-6) ) 2-7) 4 (2-8) 5) (2-9)
Time from last event to the current event, days

Median (Q1-Q3) NA 213 (56-500) 176 (55-384) 124  (43-303)
Follow-up, months

Median (Q1-Q3) 36 (36-36) 24 (11-33) 16 (6-26) 13 (5-21)
CBVD
Patients, n 120914 25337 6644 2153
Male, n (%) 71934  (59.5)
Age, years, median (Q1-Q3) 71 (61-80)
Length of stay, days

Median (Q1-Q3) 7 (4-13) 8 (4-19) 9 (5-23) 11 (5-26)
Time from last event to the current event, days

Median (Q1-Q3) NA 162 (80-502) 99 (84-306) 72 (85-210)
Follow-up, months

Median (Q1-Q3) 36 (33-36) 24 (10-34) 19 (8-30) 18 (7—29)
PAD
Patients, n 14794 5951 2463 1073
Male, n (%) 8534 (57.7)
Age, years, median (Q1-Q3) 74 (63-82)
Length of stay, days

Median (Q1-Q3) 8 8-16) 7 (8-15) 7 (8-15) 7 (8-15)
Time from last event to the current event, days

Median (Q1-Q3) NA 112 (87-366) 112 (89-297) 115 (42-287)
Follow-up, months

Median (Q1-Q3) 36 (14-36) 22 (8-33) 17 (6-27) 13 (5-23)

CBVD, cerebrovascular disease; CHD, coronary heart disease; PAD, peripheral artery disease; Q, quartile.
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Figure 2 Survival rates following each event. (A) coronary heart disease (CHD). (B) cerebrovascular disease (CBVD). (C)
peripheral artery disease (PAD).
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Figure 3 Cumulative recurrent event rates following each event. (A) coronary heart disease (CHD). (B) cerebrovascular disease

(CBVD). (C) peripheral artery disease (PAD).

Higher rates of developing another recurrent event
were observed when patients experienced more recur-
rent events (p<0.05 for all three ASCVD groups; figure 3).
The 1l-year recurrent event rates following the index
event, first and second recurrent event were 14.7%,
19.6% and 27.3%, respectively, in the CHD group (online
supplemental file 5). A similar trend was observed for the
CBVD and PAD groups (CBVD: 14.0%, 21.6% and 29.8%,
respectively; PAD: 30.1%, 34.1% and 37.6%, respectively).
The risk of having an event increased significantly within
the first 6 months after each event (figure 3).

Healthcare use

Cumulative rates of hospital readmission and ER visit
increased with increasing recurrent events. For example,
in the CHD group, the 1-year readmission rates following
the index, first and second recurrent events were 43.1%,
47.6% and 55.3%, respectively, and the proportions
visiting the ER were 46.4%, 51.9% and 57.8%, respec-
tively (figure 4). The rate of outpatient visits remained
over 90% for all patient groups and events. Similarly
high rates of healthcare usage were observed even if
only hospital visits related to CV health were considered
(online supplemental file 6).

Statin use

Statin prescriptions after each event were suboptimal
in all patient groups: 63.4%-68.4% in the CHD group,
49.5%-51.9% in the CBVD group and 34.5%-40.8% in
the PAD group within 12 months following the index

event and the second recurrent event (figure 5). Patients
with index CHD were most frequently prescribed statins
compared with patients with index CBVD or index PAD.
Similar trends were evident when assessed at 0-6 or 0-18
months from the event (online supplemental file 7)

DISCUSSION

Our study demonstrates a higher risk of recurrence,
mortality and increasing healthcare use among patients
with occurrence of each additional recurrent ASCVD
events; 22.5% of patients with CHD (21 902/97 321),
21.0% of patients with CBVD (25 337/120 914) and
40.2% of patients with PAD (5 951/14 794) at index had
at least one recurrence during 3-year follow-up. Patients
were more likely to have a recurrent event if they had
already experienced a recurrence, and this risk increased
with increasing episodes of recurrence. In addition, the
study found a trend towards a shorter median time to
next event in patients in Taiwan with CHD or CBVD, but
a similar median time between PAD events.

A notable finding is the suboptimal prescription of
statins among patients in Taiwan with ASCVD events.
Only 34.5% of patients with PAD, 63.4% of patients with
CHD and 49.5% of patients with CBVD received statins
in the 12 months after the index event. This finding is
similar to US database studies, where approximately
45% of patients with ASCVD were not on lipid-lowering
therapy."' '* The particularly low statin prescribing rates

A CHD B CBVD C PAD
Index event [l 15t recurrent event [Jl] 2" recurrent event Index event Ml 15t recurrent event [l 2" recurrent event Indexevent Ml1< recurrent event Ml ! recurrent event
o
94.6% 93.2% 93.7% 94.2% 93. 30/92 2%
92.8% 94.5% 93.8%
oo
e - 3‘y67 2%
B R 63.1% 57.9%
e = sies 55:3% sae% % 55.8% s57.1%°79%
> Tg 47.6%, ; 63.1%
.E S 54.4%
48.89
o 3 46.4% y A 8.8%| »
*E; L
a
OPD visits ER visits Admission OPD visits ER visits Admission OPD visits ER visits Admission

Figure 4 Proportion of patients having healthcare use following each event during a 12-month follow-up. (A) coronary heart
disease (CHD). (B) cerebrovascular disease (CBVD). (C) peripheral artery disease (PAD).
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Figure 5 Proportion of statin prescription following each event during a 12-month follow-up. CBVD, cerebrovascular disease;

CHD, coronary heart disease; PAD, peripheral artery disease.

for PAD patients are also evident in US data; data from
PAD patients collected 2005-2012 found only 33.1% were
using statins.'” The low statin prescribing rate among PAD
patients in our study may contribute to the increased risk
of recurrent events in these patients relative to their coun-
terparts with CBVD or CHD. While our data show moder-
ately higher statin prescribing as patients accumulate
recurrent events, statin prescribing rates remained subop-
timal overall (63%-66% for the CHD group, 50%-52%
for the CBVD group and 35%-41% for the PAD group).
These data highlight undertreatment in ASCVD manage-
ment in Taiwan, despite multiple studies confirming that
lowering LDL cholesterol with high-intensity statins or
PCSKY inhibitors effectively reduces the risk of primary
and secondary cardiovascular events.'*'® Raising local
awareness of the recommendations for secondary preven-
tion in international guidelines may help address this
problem.

Unlike previous studies,” which only focused on the
first recurrent event and a single event type, our study
provides a more complete picture regarding the patterns
of multiple recurrent events and their associated burden.
To the best of our knowledge, our study is the first in
Asia investigating the burden of recurrent cardiovas-
cular events. A recent study in Finland has also evalu-
ated multiple recurrent events, including different event
types, with some similar findings to our study. In Finnish
CVD patients, each additional event caused increased risk
of a recurrent event, and the median time of recurrence
decreased with increasing numbers of events.'”

The pattern of recurrent events showed that patients
were more likely to develop the same type of ASCVD in
the recurrent events. In our study, 66%-81% of patients

with new-onset CHD had CHD at first recurrence, whereas
this percentage was 80%—-84% for CBVD and 76%-78%
for PAD. These findings are in line with a previous real-
world study showing survivors of MI and ischaemic stroke
are at immediate risk of having an additional cardiovas-
cular event, in most cases of the same type as previously
experienced by the patient.'® Nevertheless, our data
suggest that around one quarter of patients could expe-
rience a recurrent event of a different type to their initial
event. Notably, PAD accounted for a larger proportion
of recurrent event among patients with index CHD or
CBVD event. Therefore, patients receiving treatment for
secondary prevention should be educated on recognising
signs and symptoms of different types of events, not just
their index event.

Our study revealed an increased risk of death with
cumulative recurrent events at different follow-up periods
(6, 12 and 18 months) across different types of index
events; such data are relatively limited in the existing
literature.'” ' Furthermore, among all three types of
ASCVD we studied, patients with PAD had the highest risk
of death and highest incidence of recurrent events with
cumulative recurrent events, which is in line with findings
from previous studies.'’ ** These data indicate an urgent
need to improve secondary prevention in patients with
ASCVD, especially those with PAD.

There are several limitations to our study. First, since
the study used administrative records, we were unable to
evaluate healthcare use that was not covered by the NHI,
such as out-of-pocket payment. In addition, socioeco-
nomic factor or life style factors (such as diet or exercise)
are not available in Taiwan’s national health insurance
claims data. Second, our study only focused on recurrent
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events developing in the 3 years after the index date, and
we were unable to capture recurrent events occurring
beyond that. Moreover, the risk of mortality and devel-
oping recurrent events might be underestimated due to
the limited follow-up period after the first and second
recurrent event. Third, generalisability of our study may
be limited by its study population, as we only included
patients with new-onset ASCVD leading to hospitalisation.
Therefore, this study is likely to have included patients
with ASCVD with higher severity or morbidity. Fourth, as
we intended to capture the natural course of recurrent
ASCVD events, we did not include other control variables
beside age and sex in our competing risk model analyses.
Despite the above limitations, the use of claims data from
the NHI database in this study provided comprehensive
records on ASCVD occurrence, treatment pattern and
healthcare use. The database covers over 99% of the
population of Taiwan and is representative of Taiwan’s
general population; this allowed us to comprehensively
investigate patients with ASCVD from the general popu-
lation in Taiwan.

In a large population of patients in Taiwan, we observed
a higher risk of mortality with increasing recurrent events
as well as increased risk of developing further recurrent
ASCVD events and greater healthcare use, representing
an increase in the disease burden. Our data also show
suboptimal rates of statin use in these patients high-
lighting an opportunity to improve secondary prevention
in this population.
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