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Cardiovascular Event Recurrence and Costs after
First Myocardial Infarction, Ischemic Stroke, or
Intracerebral Hemorrhage in Taiwan

Fang-Ju Lin,1’2’3

Jhih-Gang Jhang,l Yu-Hsuan Kuo,l Eric J. Yeh,4 Lionel Pinto® and Chau-Chung wu*®

Background/Objectives: We aimed to assess the incidence of recurrent cardiovascular (CV) events after the first
myocardial infarction (Ml), ischemic stroke (IS), or intracerebral hemorrhage (ICH) and to estimate acute and

follow-up medical costs.

Methods: Using Taiwan’s National Health Insurance Research Database, we identified patients with their first Ml,
IS, or ICH between 2011 and 2017. The cumulative incidence rates of second CV events (including events of the
same type [recurrent] or of the other two types) were estimated. The costs for hospitalization and all-cause follow-
up were calculated for the first and recurrent CV events and are presented as median (Q1~Q3) in 2017 US dollars.
Results: We identified 70,428 patients with a first MI, 123,857 with a first IS, and 41,347 with a first ICH. The
cumulative incidence rates of recurrence during the first year and after six years were 3.9% and 10.1% for Ml, 5.3%
and 13.8% for IS, and 3.9% and 8.9% for ICH, respectively. For first and recurrent nonfatal events, acute hospitalization
costs were $4,729 (3,737~5,985) and $4,459 (2,887~6,026) for Ml; $1,136 (756~2,183) and $1,224 (774~2,412) for
IS; and $2,985 (1,264~8,831) and $2,170 (1,183~4,675) for ICH, respectively. Total annual costs for nonfatal first
events in the first year and second year of follow-up were $2413 (1,393%6,120) and $1,293 (654~2,868) for M,
$2,174 (1,040~5,472) and $1,394 (602~3,265) for IS, and $2,963 (995~8,352) and $1,185 (405~3,937) for ICH,

respectively.

Conclusion: In patients with a first Ml, IS, and ICH, recurrent CV events continue to substantially impact public

health and escalate the economic burden.

Key Words:
Myocardial infarction

Received: June 4, 2022 Accepted: October 21, 2022
'Graduate Institute of Clinical Pharmacy; %School of Pharmacy, College
of Medicine, National Taiwan University; 3Department of Pharmacy,
National Taiwan University Hospital, Taipei, Taiwan; 4Amgen Inc.,
California, United States; *Department of Internal Medicine (Cardiology
Section), National Taiwan University Hospital; ®Graduate Institute of
Medical Education & Bioethics, College of Medicine, National Taiwan
University, Taipei, Taiwan.

Corresponding author: Dr. Chau-Chung Wu, Department of Internal
Medicine (Cardiology Section), National Taiwan University Hospital,
No. 7, Chung-Shan South Road, Taipei, Taiwan. Tel: 886-2-2312-3456
ext. 88560; Fax: 886-2-2321-7485; E-mail: chauchungwu@ntu.edu.tw
This author takes responsibility for all aspects of the reliability and
freedom from bias of the data presented and their discussed inter-
pretation.

457

Event recurrence e Intracerebral hemorrhage e Ischemic stroke e Medical costs e

Abbreviations

cv Cardiovascular

ICD-9-CM International Classification of Diseases,
Ninth Revision, Clinical Modification

ICH Intracerebral hemorrhage

IS Ischemic stroke

Ml Myocardial infarction

NHIRD National Health Insurance Research Database

NTD New Taiwan dollar

SD Standard deviation

usbD United States dollar
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INTRODUCTION

Cardiovascular (CV) diseases are the leading cause
of death in Taiwan and worldwide."? In Taiwan, the inci-
dence of acute myocardial infarction (Ml) has increased
over the past several decades®* and is associated with
high costs.> While the incidence of ischemic stroke (IS)
decreased between 2001 and 2012, it nevertheless re-
mains one of the leading causes of death.® IS is also a
leading cause of disability in those who survive, and it is
associated with a considerable healthcare burden. Intra-
cerebral hemorrhage (ICH) accounts for 16% of strokes
in Taiwan® and is associated with a 30-day mortality rate
of 19.8% and 1-year mortality rate of 29.6% in Taiwan,
along with considerable hospitalization costs.”

Patients who survive a first Ml, IS, or ICH are at high
risk of recurrence, with a further risk of mortality and
healthcare expenditure.3’5'7
may have a higher risk of other types of major CV events:
for example, patients with ICH are at an appreciable risk
of arterial ischemic events of the brain-and heart.? These
subsequent events, including both recurrent and other
types of events, can impose an additional economic bur-
den on society and require further exploration to under-
stand their impact on patients and healthcare systems.

More current information on the incidence and cost
burden of subsequent events after Ml, IS, and ICH could
inform clinical treatment or health policy decisions and
highlight the potential for improvement in disease man-
agement. In addition, such an analysis can provide cost
data for cost analysis during health technology assess-
ment, as well as for consideration of reimbursement.

The 2017 Taiwan lipid guidelines recommend dis-
ease management with effective treatment strategies
for the secondary prevention of CV events.” In addition
to changes in clinical practice guidelines, changes in re-
imbursement criteria by Taiwan’s National Health Insur-
ance Administration may have led to different disease
management and patient outcomes that were not cap-
tured in older datasets. Unit or annual costs of MI/IS/
ICH events are important to calculations in health eco-
nomic or cost analyses, which are a key component in
reimbursement decisions.

Therefore, using Taiwan’s National Health Insurance
Research Database (NHIRD), we aimed to describe the
cumulative incidence of second events as well as acute

In addition, event survivors
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and follow-up costs after a first Ml, IS, or ICH.

METHODS

Study design

This was a retrospective cohort study of the NHIRD
spanning 2008 to 2017 (Supplementary Figure 1A). Pa-
tients with a first hospitalization for M, IS, or ICH be-
tween 2011 and 2017 (index event) were identified. Those
who survived the first Ml, IS, or ICH event were then fol-
lowed for up to seven years to capture the recurrence of
an event (same event that occurred the second time), as
well as the occurrence of the other two types of CV
events. For each type of first event (M, IS, and ICH), we
captured the incidence of all three types of second event
(Supplementary Figure 1B). Those who were hospitalized
for one of the three types of events (both first and sec-
ond event hospitalizations) were followed up for two
years after discharge to obtain information on acute and
follow-up costs. As shown in Supplementary Figure 1A,
all-cause costs were included for the two-year follow-up
period after an index event, even when the second event
occurred within the index event follow-up period.

Patient eligibility

Eligible patients had at least one primary inpatient
diagnosis of MI (ICD-9-CM code: 410.x; ICD-10 CM code:
121.x), IS (433.x1, 434.x1; 163.x, 164), or ICH (431; 161.x)
(Supplementary Table 1A) between January 1, 2011 and
December 31, 2017. The participants were adults (> 20
years of age) with at least three years of data available
prior to the first event. Patients with a prior diagnosis of
Ml, IS, or hemorrhagic stroke (using a broader defini-
tion; Supplementary Table 1B) in the past three years or
more before the first admission of M, IS, or ICH were ex-
cluded. Those with missing sex data were also excluded.

Outcomes and analyses

We estimated the cumulative incidence rates of sec-
ond events after the first nonfatal Ml, IS, or ICH (overall
and by sex); in-hospital case-fatality rates for the first
(i.e., index) and second M, IS or ICH events; acute hos-
pitalization costs for M, IS or ICH events (separately re-
ported by fatal, nonfatal, first or second event); and to-
tal all-cause follow-up costs. Patient-level costs were es-
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timated. The definitions and estimations of outcomes are
described below.

Baseline characteristics of the included patients were
collected in the year prior to their index admission. Co-
morbidities were determined based on the presence of
at least one inpatient or two outpatient diagnoses (pri-
mary or secondary) in any claim. Medication use was
defined as the presence of at least one prescription dur-
ing the one-year baseline observation period. Case-fa-
tality rates during event hospitalizations were calculated
for the first (i.e., index) and second events. A second event
was defined as a subsequent new hospitalization after
28 days from the first discharge of a nonfatal event.'**
To estimate the incidence of a particular second event,
patients who survived 28 days after discharge from the
index hospitalization were followed up until the date of
that second event, death, or the end of the study period
(31 December 2017), whichever occurred first. Cumula-
tive incidence function, which takes into account com-
peting risk events (i.e., death), was used to separately
estimate the cumulative incidence proportion of recur-
rent events (of the same type) and the other two types
of events over time after the first nonfatal M, IS, and
ICH."™ When studying the incidence of a particular sec-
ond event, the occurrence of the other types of second
event was not considered a competing risk event; this is
because these types of second events do not preclude
the occurrence of one another, and the main purpose of
this study was to describe the overall incidence of each
type of event over time, rather than to focus on the sec-
ond events that occurred first.

Acute event costs were estimated from hospitaliza-
tion costs for both first and second events (including fa-
tal and nonfatal). Direct transfer to another hospital
within one day with the same primary discharge diagno-
sis was combined to contribute to the same index event
and avoid underestimating acute hospitalization costs.

Follow-up costs after hospital discharge for the first
events were analyzed only in patients who survived the
event and had at least two years of follow-up. The pati-
ents included in the cost analysis were a subset of those
included in the analyses of event incidence. Total all-
cause follow-up costs (for inpatient, outpatient, and em-
ergency room visits after hospital discharge) were esti-
mated in the first and second year after the index/sec-
ond event. Medication costs were included in the cost of

each visit and are not reported separately. The follow-up
costs included all costs incurred after the index/second
event, and therefore included the costs of subsequent
events if they happened within the timeframe. For ex-
ample (Supplementary Figure 1A), if the second event
occurred 16 months after the first event, the second
event costs were included in the second-year follow-up
costs after the first event, but not included in the first-
year follow-up costs after the second event.

Incremental follow-up costs during the first and sec-
ond year after the index nonfatal event were estimated
to understand the long-term economic impact of the
events. The first- and second-year incremental follow-up
costs were calculated by subtracting the baseline cost
(all-cause costs during the year prior to the index event)
from the first- and second-year total follow-up costs of
the index event, respectively.

All analyses were performed using SAS statistical
software, version 9.4 (SAS Institute Inc., Cary, NC, USA).
SAS PROC LIFETEST was used to estimate the cumulative
incidence function. Costs are presented as median (Q1~
Q3) and in 2017 US dollars (USD) at the currency exchange
rate of 1 USD (S) = 30.28 New Taiwan dollars (NTD).

RESULTS

Study cohort

We identified 70,428 patients with a first MI, 123,857
with a first IS, and 41,347 with a first ICH (Supplemen-
tary Figure 1C). The mean age [standard deviation (SD)]
was 63 (14), 68 (13), and 60 (15) years for those with a
first MI, IS, and ICH, respectively, and the majority were
men (76%, 60%, and 66%, respectively) (Table 1). In all
three groups, the most common comorbidities were hy-
pertension, diabetes, coronary artery disease, and renal
disease. Antihypertensive drugs, platelet aggregation in-
hibitors, hypoglycemic drugs, and statins were the most
common medications.

Rates of recurrent and other second events

The cumulative incidence rates of a recurrent or
other type of second event after a first M, IS, or ICH are
shown overall and by sex in Figure 1, with exact esti-
mates by year of follow-up presented in Supplementary
Table 2. The cumulative incidence rates of recurrence at
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Table 1. Demographic and baseline patient characteristics

Characteristics, n (%)

First Ml (n = 70,428)

First IS (n = 123,857)

First ICH (n = 41,347)

Age (years), mean (SD) 62.9 (14.2)

Sex (men) 53,771 (76.4)

Comorbidities
Hypertension 34,071 (48.4)
Coronary artery disease 13,326 (18.9)
Peripheral artery disease 977 (1.4)
Congestive heart failure 4628 (6.6)
Atrial fibrillation 1491 (2.1)
Venous thromboembolism 375 (0.5)
Diabetes mellitus 20,866 (29.6)
Liver disease 3717 (5.3)
Renal disease 8782 (12.5)

Medications
Antihypertensive drugs

43,735 (62.1)

Hypoglycemic drugs 20,564 (29.2)
Statins 17,184 (24.4)
Other lipid-lowering drugs 4789 (6.8)
Oral anticoagulants 985 (1.4)
Platelet aggregation inhibitors 21,480 (30.5)
Antiarrhythmic drugs class | and 1l 2817 (4.0)

67.9 (13.5) 60.4 (14.9)
73,570 (59.4) 27,216 (65.8)
64,355 (52.0) 14,931 (36.1)
15,139 (12.2) 2981 (7.2)

1511 (1.2) 307 (0.7)
7157 (5.8) 1315 (3.2)
6183 (5.0) 768 (1.9)
691 (0.6) 220 (0.5)
35,192 (28.4) 6502 (15.7)

6568 (5.3) 3197 (7.7)

9678 (7.8) 3186 (7.7)
82,364 (66.5) 20,218 (48.9)
35,051 (28.3) 6284 (15.2)
22,789 (18.4) 4176 (10.1)

6564 (5.3) 1240 (3.0)

3715 (3.0) 578 (1.4)
30,221 (24.4) 5457 (13.2)

6316 (5.1) 1075 (2.6)

ICH, intracerebral hemorrhage; IS, ischemic stroke; MI, myocardial infarction; SD, standard deviation.

one year and at six years were 3.9% and 10.1% for MI,
5.3% and 13.8% for IS, and 3.9% and 8.9% for ICH, re-
spectively. Women with a first MI had a proportionally
higher cumulative incidence of MI recurrence than men
(11.2% for women and 9.8% for men at six years). The
incidence of post-MlI IS was also proportionally higher in
women than in men (5.2% and 3.5%, respectively, over
six years). The rate of post-MI ICH was low for both sexes
(0.8% for women and 0.6% for men during six years of
follow-up). In the case of IS, recurrent or second events
were slightly more frequent in men, with the six-year
cumulative incidence of recurrent IS estimated at 13.1%
for women and 14.4% for men; post-IS Ml (2.0% in wo-
men and 2.7% in men) and post-IS ICH (1.5% in women
and 2.1% in men) both occurred with a lower rate. Re-
current or second events after ICH were similarly more
frequent in men: recurrent ICH had a six-year cumula-
tive incidence of 7.8% in women and 9.4% in men; while
post-ICH Ml was relatively infrequent (0.7% in women
and 1.2% in men) and post-ICH IS was observed in 4.8%
of women and 6.1% of men.

Case-fatality rates
The in-hospital case-fatality rates were 8.2% for a
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first MI, 8.5% for recurrent MI, 8.4% for a post-MlI IS,
and 37.5% for a post-Ml ICH. The case-fatality rates for
IS were 4.3% and 4.6% for the first and recurrent events,
respectively; however, for post-IS Ml and post-IS ICH,
the fatality rates were considerably higher at 14.7% and
24.0%, respectively. The highest case-fatality rates for
first and recurrent events were observed for ICH, at
18.5% and 12.6%, respectively. Post-ICH Ml and post-ICH
IS were associated with case-fatality rates of 12.6% and
3.4%, respectively.

Costs

The acute hospitalization costs for the first and re-
current fatal and nonfatal events are shown in Table 2.
The median acute costs for both first (index) and recur-
rent nonfatal Ml were the highest of the three event
types, costing $4,729 (3,737~5,985) and $4,459 (2,887~
6,026) respectively, followed by $2,985 (1,264~8,831)
and $2,170 (1,183~4,675) respectively for ICH, and $1,136
(756~2,183) and $1,224 (774~2,412) respectively for IS.
The median costs for fatal events were generally higher
than those for nonfatal events, except for ICH. The base-
line one-year costs before a first event and total follow-
up costs (for the first and second year) after a first or
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Figure 1.

Cumulative incidence of second events starting from 28 days after first MI, IS, or ICH. Subject numbers for each type of second event at

each time point are presented below each graph. ICH, intracerebral hemorrhage; IS, ischemic stroke; Ml, myocardial infarction.

Table 2. Acute hospitalization costs of first (index) and recurrent events (presented in 2017 USD)

Cost Mi IS ICH
First event
Fatal, n 5,747 5,321 7,644
Median (Q1~Q3) $5,756 (1,771~11,764) $2,677 (1,384~5,734) $2,170 (860~5,863)
Mean (SD) $9,876 (14,001) $5,216 (8,396) $4,845 (8,076)
Nonfatal, n 64,681 118,536 33,703
Median (Q1~Q3) $4,729 (3,737~5,985) $1,136 (756~2,183) $2,985 (1264~8,831)
Mean (SD) $5,554 (5,463) $2,341 (3,863) $6,659 (8,751)
Recurrent event
Fatal, n 359 512 262
Median (Q1~Q3) $5,033 (1,852~11,420) $2,480 (1,303~5,467) $1,816 (703~5,434)
Mean (SD) $9,134 (13,028) $5,478 (9,912) $4,331 (6,123)
Nonfatal, n 3,871 10,724 1,823
Median (Q1~Q3) $4,459 (2,887~6,026) $1,224 (774~2,412) $2,170 (1,183~4,675)
Mean (SD) $5,302 (5,511) $2,414 (4,531) $4,842 (7,540)

ICH, intracerebral hemorrhage; IS, ischemic stroke; MI, myocardial infarction; SD, standard deviation; USD, united states dollar.
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recurring event are shown in Supplementary Table 3 by
cost type. The numbers of patients with a hospital stay
and emergency room visit were reported and the associ-
ated costs are presented. Incremental follow-up costs
(subtracting baseline costs from total costs) in the first
and second years after the index events were $1,429
(633~4,506) and $591 (-35~1,541) for MI, $1,128 (286~
3,861) and $591 (-84~1,984) for IS, and $2,038 (482~
7,022) and $640 (0~3,036) for ICH, respectively (Table 3).

DISCUSSION

In this large retrospective cohort study of patients
with a first Ml, first IS, or first ICH between 2011 and
2017 in the NHIRD, we report the cumulative incidence
rates of recurrence and other CV events over six years of
follow-up, in-hospital case-fatality rates, and all-cause
costs for both first and second events over two years of
follow-up. In-hospital fatality rates of Ml and IS were
lower than those reported in earlier studies, although
the mortality rate of ICH remained high. Not only was
event recurrence common, but we also found that pati-
ents who had a first event were also at an increased risk
of other types of CV events. Sex differences in the rates
of recurrence were observed. Acute and all-cause fol-
low-up costs, although substantial, were lower than those
previously reported in earlier cohorts. These data offer a
current view of mortality, recurrence, and costs associ-
ated with CV events in Taiwan, and show that both fatal
and nonfatal M, IS, and ICH continue to impose a sub-
stantial public health burden, as well as an economic
burden, on Taiwan’s healthcare system.

In-hospital case-fatality rates were highest for ICH
(18.5%), followed by MI (8.2%) and IS (4.3%). Previous
studies using the NHIRD have reported a trend of de-
creasing in-hospital mortality rates for Ml, ranging from
15.9% in 1999 to 12.3% in 2008 and from ~13% in 2009
to under 12% in 2015." The result of 8.2% in this study,
which is the lowest yet reported, provides evidence of
steadily decreasing mortality caused by MI. The in-hos-
pital mortality rate of IS was reported to be approximately
6-8% in Taiwan in the 1990s." The previously reported
30-day mortality for ICH in Taiwan from 2005 to 2010
was 19.8%,” consistent with the observation of 18.5% in
the present cohort. Thus, mortality rates from Ml and IS
have decreased in recent years, along with advances in
technology and availability of primary and secondary pre-
ventive treatments such as antiplatelets, beta-blockers,
angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers, and statins, as well as procedures such
as primary coronary or cerebral intervention. In contrast,
mortality from ICH has remained high due to the lack of
effective therapies.

After the first (index) event, we observed that recur-
rent events occurred continuously, with a six-year cumu-
lative incidence of 10.1% for Ml, 13.8% for IS, and 8.8%
for ICH. Thus, the risk of recurrent events remained high
for all three cardiovascular events investigated. Other
types of second events were also observed, although at
a lower frequency. In patients with a first MI during
2008-2009 in the NHIRD, Chen et al. reported a 5.3% re-
currence rate of Ml and a 5.0% incidence of stroke in
the first three years in patients who had survived for
one year without a recurrent event.'® The rate of recur-
rent Ml reported in the present study was slightly higher

Table 3. Incremental follow-up costs of first events (presented in 2017 USD)

Cost, median (Q1~Q3)

First MI (n = 44,212)

First IS (n = 85,223) First ICH (n = 23,978)

First year incremental follow-up cost vs. baseline
Total

$1,429 (633~4,506)

$1,128 (286~3,861) $2,038 (482~7,022)

Inpatient $0 (0~3,198) $0 (0~1,307) $0 (0~3,231)
Outpatient $964 (391~1,428) $673 (151~1,551) $844 (230~2,397)
Emergency room S0 (0~113) $0 (0~110) $0 (0~126)
Second year incremental follow-up cost vs. baseline
Total $591 (-35~1,541) $591 (-84~1,984) $640 (0~3,036)
Inpatient S0 (0~0) S0 (0~0) S0 (0~0)
Outpatient $494 (-3~981) $450 (-52~1,159) $484 (0~1,586)
Emergency room S0 (-10~47) S0 (0~33) S0 (0~22)

ICH, intracerebral hemorrhage; IS, ischemic stroke; MI, myocardial infarction; USD, united states dollar.
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than that reported by Chen et al. (6.68% during three
years), although we found a lower rate of post-Ml IS
(2.22%); however, the difference in entry criteria com-
plicates comparisons with the present study, as we did
not require patients to be recurrence-free in the first 12
months.

We observed that women with a first Ml had a higher
cumulative incidence of Ml recurrence than men, and
that the incidence of post-MI IS was also higher in wo-
men than men. However, these differences were numer-
ical only and not statistically significant, and therefore
further investigations are needed to clarify this issue.
Previous studies have shown that women are more li-
kely to die from Ml in the hospital than men® and are
less likely than men to receive treatment."” Sex differences
in stroke were also observed in this study. Men were
more likely to have recurrence of stroke, adding to a pre-
vious report in a Taiwanese population in 2013 showing
that men had higher medical costs for stroke than wo-
men."®
In this analysis, the costs of an acute event for both
first and recurrent nonfatal Ml were the highest of the
three event types. For Ml and IS, fatal events were asso-
ciated with higher costs than nonfatal events. This may
be explained by the large number of procedures per-
formed in an attempt to save the patient’s life after Ml
or IS. In contrast, in the case of ICH, those with nonfatal
ICH might be expected to incur a higher expense to treat
their complications if they survived the acute event. In a
Taiwanese cohort from 2005 to 2010, the in-hospital
costs were higher than those in the present study, at
$7,572 for first ICH events,” although methodological
differences may also explain this difference.

We calculated both total costs and incremental costs
to achieve the most accurate cost estimates. To better
measure the longer-term costs of the targeted CV events,
we analyzed incremental costs in the two years after the
index event, subtracting the baseline costs from the
year before the index event; in this way, the incremental
cost can give a better indication of the additional cost
burden in the years following the index MI/IS/ICH event.
Because inpatient costs of the index hospitalization were
not included, most follow-up costs in all groups were
from outpatient expenses. In comparison, Tang et al.’ in-
cluded acute event costs when they analyzed the costs
of MI and stroke in a cohort from 2005 to 2009: the

first- and second-year costs were NT$293,995 (10,150
USD in 2017) and $63,365 (2,188 USD) for M, respec-
tively, and NT$141,086 (4,871 USD) and NTS$52,513
(1,812 USD) for stroke. Although differences in method-
ology make direct comparisons difficult, our results sup-
port the finding that costs in the second year of follow-
up were much lower than in the first year. Our analysis
adds to previously published literature by providing a
more recent cost estimate, by estimating different cate-
gories of costs (acute vs. follow-up costs, fatal vs. non-
fatal event costs, and first vs. second event costs), and
by providing a useful estimate of incremental costs over
two years, which would minimize the potential confound-
ing of the cost of comorbid conditions from before the
index event.

There were several limitations to this study. First,
claims-based data have inherent limitations, such as be-
ing subject to reporting bias in which activities with high
reimbursement values tend to be reported more than
low-cost activities. In the present study, such bias would
be expected to be minimal due to the relatively high costs
associated with M, IS, and ICH events. Claims data are
also subject to possible patient misclassification due to
miscoding, misdiagnosis, and underdiagnosis. In addi-
tion, we assessed only the incidence of second events
after the first M, IS, or ICH; subsequent events were not
included. A 28-day lag period was set to define a new CV
event; thus, there is a risk of misclassification in the case
that a second event occurred within the 28-day window.
Moreover, since it is very difficult to differentiate CV and
non-CV related costs, we measured all-cause costs ra-
ther than CV-related costs; however, we attempted to
adjust for the costs of other comorbid conditions by sub-
tracting baseline costs in our calculation of incremental
follow-up costs. The results should be interpreted with
caution due to the lack of a control group. Lastly, in this
study, we focused only on the costs associated with ma-
jor CV events, while the economic burden of primary
prevention is another important issue.

Future analyses could assess the impact of changes
in reimbursement policies that can affect the clinical
management of CV disease and the resulting cost esti-
mates, such as the 2013 change in the reimbursement
criteria for statins, or the 2018 change in the reimburse-
ment of surgery costs for intra-arterial mechanical th-
rombectomy (for acute ischemic stroke) by Taiwan’s Na-

Acta Cardiol Sin 2023;39:457-468



Fang-Ju Li

n et al.

tional Health Insurance Administration. Preventive treat-
ment has the potential to ease the clinical and cost bur-
den by reducing the number of CV events. Modeling us-
ing data from other populations has shown that treat-
ment reduces Ml and stroke recurrence.” Future stud-
ies could explore the effect of lipid-lowering treatment
patterns on the incidence of first and second CV events
in this more recent real-world dataset in the Taiwanese
population.

CONCLUSION

In summary, MI, IS, and ICH were associated with a
high likelihood of recurrent or other types of CV events,
and both first and second events continue to cause a great
burden on the healthcare system in Taiwan, especially in
the first year after an acute event (Central lllustration).
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Central lllustration.  Cardiovascular event recurrence and costs after first
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Supplementary Figure 1.

Illustration of study design and identification of target population:

flowchart. ICH, intracerebral hemorrhage; IS, ischemic stroke; Mi, myocardial infarction.
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Supplementary Table 1A. Diagnosis codes for identifying first event

Event ICD-9-CM code ICD-10-CM code Definition algorithm
Myocardial infarction (Ml) 410.x 121.x 1 1P, primary position
Ischemic stroke (IS) 433.x1, 434.x1 163.x, 164.x 1 1P, primary position
Intracerebral hemorrhage (ICH) 431 161.x 1IP, primary position
IP, inpatient.

Supplementary Table 1B. Diagnosis codes for determining medical history

Condition ICD-9-CM code ICD-10-CM code Definition algorithm

Myocardial infarction (Ml) 410.x, 412.x, 429.79 121.x, 122.x, 123.x, 125.2 11P or 1 OP, any position
Ischemic stroke (IS) 433.x, 434.x, 436.x, 437 .x, 438.x 163.x, 164.x, 165.x, 166.x, 167.x, 169.3x 1 IP or 1 OP, any position
Hemorrhagic stroke (HS) 430.x,431.x,432.x 160.x, 161.x, 162.x, 169.0x, 169.1x, 169.2x 1 IP or 1 OP, any position

IP, inpatient; OP, outpatient.

Supplementary Table 2. Six-year cumulative incidence of the second event from 28 days after first Ml, IS, or ICH

First Cumulative incidence of second event
event Second event
1year 2 years 3 years 4 years 5 years 6 years
M Recurrent Ml
All 3.93% 5.49% 6.68% 7.84% 8.99% 10.09%
Men 3.70% 5.26% 6.38% 7.60% 8.73% 9.79%
Women 4.74% 6.34% 7.74% 8.72% 9.88% 11.16%
Post-MI IS
All 0.94% 1.59% 2.22% 2.81% 3.42% 3.90%
Men 0.80% 1.35% 1.93% 2.44% 3.05% 3.53%
Women 1.44% 2.41% 3.20% 4.09% 4.72% 5.22%
Post-MI ICH
All 0.19% 0.29% 0.39% 0.47% 0.57% 0.65%
Men 0.16% 0.25% 0.35% 0.42% 0.52% 0.62%
Women 0.28% 0.44% 0.52% 0.65% 0.71% 0.76%
IS Recurrent IS
All 5.29% 7.67% 9.59% 11.12% 12.54% 13.82%
Men 5.41% 7.86% 9.87% 11.40% 12.91% 14.36%
Women 5.11% 7.39% 9.18% 10.72% 11.99% 13.05%
Post-IS Ml
All 0.50% 0.88% 1.27% 1.65% 2.03% 2.40%
Men 0.55% 0.97% 1.41% 1.84% 2.26% 2.72%
Women 0.43% 0.74% 1.07% 1.37% 1.69% 1.95%
Post-IS ICH
All 0.47% 0.82% 1.10% 1.38% 1.64% 1.86%
Men 0.53% 0.91% 1.22% 1.56% 1.85% 2.14%
Women 0.38% 0.69% 0.94% 1.11% 1.34% 1.46%
ICH Recurrent ICH
All 3.94% 5.21% 6.37% 7.37% 8.16% 8.85%
Men 4.10% 5.47% 6.67% 7.75% 8.61% 9.39%
Women 3.65% 4.72% 5.82% 6.66% 7.33% 7.83%
Post-ICH Ml
All 0.15% 0.28% 0.46% 0.63% 0.80% 0.98%
Men 0.16% 0.32% 0.48% 0.67% 0.89% 1.17%
Women 0.14% 0.22% 0.44% 0.58% 0.63% 0.72%
Post-ICH IS
All 1.76% 2.73% 3.56% 4.26% 4.87% 5.60%
Men 1.87% 2.87% 3.77% 4.49% 5.15% 6.06%
Women 1.55% 2.47% 3.17% 3.84% 4.38% 4.82%

ICH, intracerebral hemorrhage; IS, ischemic stroke; MI, myocardial infarction.
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