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Secondary prevention with medications is essential for the better prognosis of patients who have
experienced cardiovascular events. We aimed to evaluate the use of guideline-based medications for
secondary prevention in older adults in the community settings after discharge following percutaneous
coronary intervention (PCI). A retrospective cohort study was conducted using anonymized claims data of
older beneficiaries in a suburban city of Japan between April 2012 and March 2015. The prescriptions of
antiplatelets, statins, angiotensin-converting enzyme inhibitors (ACEi)/angiotensin Il receptor blockers
(ARB), and B-blockers were evaluated for 3 months before and after the month in which the participants
underwent PCIl. Multivariable logistic regression analysis was conducted to evaluate the associations of
age (“pre-old” group [63-72 years] vs. “old” group [= 73 years]) and sex with the prescriptions, adjusting for
whether a participant was followed-up by the PCl-performing hospital. Of 815 participants, 59.6%
constituted the old group and 70.9% were men. The prescription rates for antiplatelets, statins, ACEi/ARB,
and B-blockers after discharge were 94.6%, 65.0%, 59.3%, and 32.9%, respectively. The adjusted analysis
indicated that statins were less likely to be prescribed for the old group (adjusted odds ratio [aOR], 0.70;
95% confidence interval [Cl], 0.51-0.95; p = 0.023) and for men (aOR, 0.64; 95% CI, 0.45-0.89; p = 0.008).
B-blockers were more likely to be prescribed for men (aOR, 1.66; 95% CI, 1.17-2.33; p = 0.004). Our
results suggest the potential for improvements in secondary prevention by increasing the prescription rates
of guideline-based medications in this population.
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The current practice guidelines developed by the Japanese

Introduction

During the past few decades, both short-term and long-
term mortality after myocardial infarction have markedly
improved owing to prompt performance of coronary revas-
cularization via percutaneous coronary intervention (PCI)
combined with the initiation of and adherence to pharmaco-
logical treatment (Tjia et al. 2013; Szummer et al. 2019).

Circulation Society (JCS), American Heart Association and
American College of Cardiology (AHA/ACC), and
European Society of Cardiology (ESC) universally recom-
mend the use of the following four types of drugs for the
secondary prevention of myocardial infarction: antiplate-
lets, statins, angiotensin-converting enzyme inhibitors
(ACEi)/angiotensin II receptor blockers (ARB), and
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p-blockers (O’Gara et al. 2013; Windecker et al. 2014;
Kimura et al. 2019). Furthermore, the Japan Geriatrics
Society recommends that physicians should consider start-
ing statins for secondary prevention in patients with coro-
nary artery disease (Kojima et al. 2016). This is of particu-
lar importance due to the substantial increase in the number
of older adults undergoing PCI, which is attributed to the
large aging population in Japan (Numasawa et al. 2019;
Uemura et al. 2019).

Contrary to the recommendations, several studies con-
ducted in Western and Asian countries have reported low
prescription rates for guideline-based medications among
older patients with coronary artery disease (Borden et al.
2011; Maddox et al. 2014; Byeon et al. 2016; Fanaroff et al.
2017; Eindhoven et al. 2018; Kang et al. 2018). In Japan,
insufficient use of guideline-based medications at discharge
after PCI or hospitalization for coronary artery disease has
also been reported (Endo et al. 2013; Kohsaka et al. 2015;
Miyachi et al. 2016; Nakao et al. 2019); however, the
administration of pharmacotherapy for secondary preven-
tion in the community settings after discharge following
PCI remains unclear, despite its importance in preventing
cardiac events in the future. In this study, we aimed to
evaluate the use of guideline-based medications in the com-
munity settings among older adults undergoing PCI. We
also aimed to assess the associations of age and sex with
the prescription of guideline-based medications.

Materials and Methods

Data source

We used anonymized data regarding medical and long-
term care claims of older beneficiaries of the National
Health Insurance or the Late Elders’ Health Insurance sys-
tem between April 2012 and March 2015 in Kashiwa City,
a suburban city in the Tokyo metropolitan area of Japan.
Most of the older people in Japan are beneficiaries of one of
these two insurance systems (Ikegami et al. 2011). The
National Health Insurance system is designed for those who
have retired or do not have employer-based insurance. All
individuals 75 years of age or older are enrolled in the Late
Elders’ Health Insurance, irrespective of previous health
insurance coverage. In April 2013, more than 402,000 citi-
zens resided in Kashiwa City, including 88,000 (22%) that
were more than 65 years of age. An agreement between
Kashiwa City and the University of Tokyo allowed us to
utilize the medical and long-term care claims data for
research purposes. The study protocol was approved by the
Ethics Committee of the University of Tokyo (approval
number 18-109). The requirement of obtaining informed
consent was waived because of the anonymous nature of
the data.

During the data anonymization process, birth years
were converted from continuous to 5-year range categories.
For example, a person born between 1940 and 1944 was
considered 68 to 72 years old as of January 1, 2013. Based
on the available data, we categorized the study participants

(n~96,900; NHI n ~ 52,600; LEHI n ~ 44,300)

Older beneficiaries of the NHI or LEHI system between April 2012 and March 2015

v

Participants undergoing PCI (n = 1,217)

* Index month: the month when a participant first underwent PCl during the study period

v

Participants with a record of CABG before PCI during the study
period (n = 10)

v

Participants without 3 months of observation before and after
the index month (n = 308)

v

Participants undergoing PCl with the pre- and post-index observation periods (n = 899)

v

Participants who were hospitalized and/or stayed in an LTCF with
a bundled payment system for medications for each month of the
3-month pre- and/or post-index observation periods (n = 50)

o| Participants without any claims data for prescriptions within 3
months both before and after PCI (n = 34)

Study cohort (n = 815)

Fig. 1. Selection of the study participants.

CABG, coronary artery bypass grafting; LEHI, Late Elders’ Health Insurance; LTCF, Long-term care facility; NHI,
National Health Insurance; PCI, percutaneous coronary intervention.
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Fig. 2. Schematic diagram of the study design.

into a pre-old group (63-72 years) and an old group (> 73
years) based on the approximated birth year data available.

Study population

The study participant selection process is shown in
Fig. 1, and the study design is presented in Fig. 2. Initially,
there were approximately 96,900 older beneficiaries
between April 2012 and March 2015. We selected partici-
pants who underwent PCI during the same period (n =
1,217). For each participant, we defined the index month as
the first month undergoing PCI during the study period. We
excluded participants with a history of coronary artery
bypass grafting before their first PCI during the study
period. We limited participants to those with at least 3
months of baseline and follow-up data, resulting in 899
remaining participants. We then excluded participants
whose claims for prescription drugs were unavailable
because of bundled payments or receipt of public welfare,
for example. As a result, the study ultimately included 815
participants for analysis.

Guideline-based medications

The latest JCS 2018 guidelines recommend secondary
prevention with antiplatelets, statins, ACEi/ARB, and
p-blockers for people undergoing PCI (Kimura et al. 2019).
This recommendation has not changed since 2011 (JCS
Joint Working Group 2013), and thus the guideline-based
medications had not changed during the study period for
this study. In this study, antiplatelets included aspirin and
P2Y12 inhibitors. The same four-drug combination is gen-
erally recommended for stable coronary artery disease (e.g.,
stable angina) as acute coronary syndromes (e.g., acute
myocardial infarction and unstable angina) (Igbal and
Serruys 2017). Prescriptions of these drugs were evaluated
during the 3 months before and after the index month (Fig.
2). We did not evaluate the drug prescriptions during the
index month because we could not distinguish prescriptions
administered before and after hospitalization, or at dis-
charge due to a lack of information regarding the exact date
of the prescriptions.

Statistical analysis

Descriptive statistics were used to summarize baseline
characteristics of the study participants during the index
month, including prescriptions of guideline-based medica-

tions during the 3 months before the index month. Frailty
for each participant was assigned based on a care needs
level of 1 to 5 according to the presence of certified long-
term care needs (Tsutsui and Muramatsu 2005). The
changes in medications from the baseline to follow-up peri-
ods were tested using the McNemar’s test. We compared
the proportions of participants who were prescribed guide-
line-based medications according to age group and sex by
using the chi-squared test. The associations of age and sex
with prescriptions were evaluated using multivariable logis-
tic regression analysis, adjusting for follow-up at the PCI-
performing hospital, and adjusted odds ratios (aOR) and
95% confidence intervals (CI) were reported. Participants
that received at least one prescription of any of the guide-
line-based medications from the PCI-performing hospital
during the 3-month follow-up period were considered to be
followed-up at the PCI-performing hospital. These partici-
pants were expected to have more severe conditions with
increased comorbidities and complications. Further, we
conducted an exploratory analysis to compare prescription
rates after PCI by the chi-squared test between participants
who underwent acute PCI (i.e., PCI for acute myocardial
infarction and unstable angina) and those that underwent
elective PCI (i.e., PCI for all others), which could be deter-
mined by medical procedure data for participants who
underwent PCI in April 2014 or after. p <0.05 was consid-
ered statistically significant. All analyses were conducted
using STATA version 16.0 (Stata Corp. LP, College Station,
TX, USA).

Results

Baseline characteristics

The study included 815 participants; of these, 59.6%
were in the old group (> 73 years) and 70.9% were men
(Table 1). The study participants underwent PCI in 40 dif-
ferent hospitals (the number of participants at a given hos-
pital ranged from 1 to 357). More than 90% of the partici-
pants underwent PCI at one of the top five hospitals. The
old group included more women than the pre-old group
(32.9% vs. 23.4%). The proportions of participants with
long-term care needs were 5.9% at baseline and 7.5% dur-
ing the follow-up period, with higher frequencies for the
old group and women. The participants were prescribed the
following drugs during the baseline period: antiplatelets,
58.3%; statins, 42.2%; ACEi/ARB, 54.8%; and f-blockers,
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Table 1. Characteristics of the study participants.
Age group Sex
Overall
(n=815) Prf—old (31d p value Ii/Ien Wi)men p value
(n=329) (n =486) (n=578) (n=237)
Age group® 63-67 118 (14.5)  118(35.9) - - 94 (16.3) 24 (10.1) 0.003°
68-72 211 (25.9) 211 (64.1) - 158 (27.3) 53 (22.4)
73-77 231 (28.3) - 231 (47.5) 166 (28.7)  65(27.4)
78-82 176 (21.6) - 176 (36.2) 119 (20.6) 57 (24.1)
83-87 63 (7.7) - 63 (13.0) 34 (5.9) 29 (12.2)
88+ 16 (2.0) - 16 (3.3) 7(1.2) 9(3.8)
Sex Men 578 (70.9) 252 (76.6) 326 (67.1)  0.003 - - -
Index month July to December 2012 140 (17.2) 48 (14.6) 92 (18.9) 0.249 97 (16.8) 43 (18.1) 0.251
January to December 2013 325(39.9) 138 (41.9) 187 (38.5) 241 (41.7) 84 (354)
January to December 2014~ 350 (42.9) 143 (43.5) 207 (42.6) 240 (41.5) 110 (46.4)
Long-term care needs At baseline, Yes 48 (5.9) 4(1.2) 44 (9.1) <0.001 23 (4.0) 25(10.5) <0.001
Follow-up period, Yes 61 (7.5) 5(1.5) 56 (11.5) <0.001 31(5.4) 30 (12.7)  <0.001
Medications® Antiplatelets 475(58.3) 169 (51.4) 306 (63.0) 0.001 359(62.1) 116 (48.9) 0.001
Statins 344 (42.2) 139(42.2) 205(42.2) 0985 228(39.4) 116 (48.9) 0.013
ACEi/ARB 447 (54.8)  169(51.4) 278(57.2) 0.101 312 (54.0) 135(57.0) 0.437
p-blockers 227 (27.9) 84 (25.5) 143(29.4) 0.224 170(29.4) 57 (24.1) 0.121
Frequencies (percentages) are shown, except for the p values.
ACE], angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor antagonists.
aDuring the data anonymization process, the birth year was converted from continuous to 5-year range categories.
bComparison between the pre-old (63-72 years) and old (> 73 years) groups.
Prescriptions of drugs during the 3 months before the index month.
Table 2. Changes in the guideline-based medications between the baseline and follow-up periods.
Antiplatelets Statins ACEi/ARB [-blockers
Baseline Follow-up pvalue Baseline Follow-up pvalue Baseline Follow-up pvalue Baseline Follow-up p value
Overall 475 (58.3) 771 (94.6) <0.001 344 (42.2) 530(65.0) <0.001 447 (54.8) 483(59.3) 0.003 227(27.9) 268 (32.9) 0.003
Age group
Pre-old 169 (51.4) 310(94.2) <0.001 139 (42.2) 230(69.9) <0.001 169 (51.4) 188(57.1) 0.015 84 (25.5) 108 (32.8) 0.007
old 306 (63.0) 461 (94.9) <0.001 205 (42.2) 300 (61.7) <0.001 278(57.2) 295(60.7) 0.062 143 (29.4) 160(32.9) 0.097
Sex
Men 359 (62.1) 549 (95.0) <0.001 228 (39.4) 361 (62.5) <0.001 312(54.0) 339(58.7) 0.009 170 (29.4) 207 (35.8) 0.002
Women 116 (48.9) 222 (93.7) <0.001 116 (48.9) 169 (71.3) <0.001 135(57.0) 144 (60.8) 0.139 57 (24.1) 61(25.7) 0.564
Follow-up by the PCI-
performing hospital
Yes 126 (54.5) 230(99.6) <0.001 107 (46.3) 187 (81.0) <0.001 123 (53.2) 156 (67.5) <0.001 76 (32.9) 103 (44.6) 0.002
No 349 (59.8) 541(92.6) <0.001 237 (40.6) 343 (58.7) <0.001 324 (55.5) 327(56.0) 0.748 151(25.9) 165(28.3) 0.178

Frequencies (percentages) are shown, except for the p values.
ACE], angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor antagonists; PCI, percutaneous coronary intervention.

27.9%.

Additionally, the old group was more likely to

tions were observed for ACEi/ARB or f-blockers in the old

receive antiplatelets than the pre-old group, and men were
more likely than women to be prescribed antiplatelets and
statins.

Guideline-based medications

Prescription rates of guideline-based medications
increased after PCI, irrespective of age, sex, and follow-up
at the PCl-performing hospital, with some exceptions
(Table 2). No statistically significant increases in prescrip-

group, women, or follow-up by hospitals/clinics other than
the PCI-performing hospital group.

Prescriptions of individual guideline-based medica-
tions after discharge are shown in Table 2 and Fig. 3.
During the 3 months after the index month, participants
were prescribed the following: antiplatelets, 94.6%; statins,
65.0%; ACEi/ARB, 59.3%; and f-blockers, 32.9%. Statins
were less likely to be prescribed to the old group than to the
pre-old group (61.7% vs. 69.9%; p = 0.016), and they were



Secondary Preventive Medications for Older Adults after PCI 147

(A) Age group
p =0.696
1
100 942 949

Prescription rates after discharge (%)

Antiplatelets Statins
(B) Sex
p =0.452

100 950 937
® % p=0.016
&% 80
& 71.3
S 70
@ 62.5
©
C 60
K
£
© 50
wv
3
© 40
c
S 30
=]
a
5 20
wv
o
a 10

0

Antiplatelets

90
p=0.016
80
69.9

70
60
50
40
30
20
10

0

Statins

® Pre-old mOld
p=0.311
60.7
571
p=0977
1
32.8 329

ACEi/ARB B-blockers
m Men B Women

p=0.578

58.7 60.8

ACEi/ARB

B-blockers

Fig. 3. Prescription rates of guideline-based medications after discharge.
Prescription rates of the indicated medications are shown according to the age group (A) and sex (B).
ACE], angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor antagonists.

less likely to be prescribed to men than to women (62.5%
vs. 71.3%; p = 0.016). Moreover, f-blockers were less
likely to be prescribed to women than to men (25.7% vs.
35.8%; p = 0.005). Participants followed-up by the PCI-
performing hospital were more likely to be prescribed all of
the guideline-based medications (p < 0.001 for antiplatelets,
statins, and S-blockers, p = 0.003 for ACEi/ARB).

Effects of age and sex

The associations of age and sex with individual guide-
line-based prescriptions after PCI are shown in Table 3.
The old group was less likely to be prescribed statins than
the pre-old group (aOR, 0.70; 95% CI, 0.51-0.95; p =
0.023). Statins were less likely to be prescribed to men
than to women (aOR, 0.64; 95% CI, 0.45-0.89; p = 0.008),

whereas f-blockers were more likely to be prescribed to
men than to women (aOR, 1.66; 95% CI, 1.17-2.33; p =
0.004). There were no differences in prescriptions of the
other guideline-based medications in terms of age and sex.

Exploratory analysis for acute and elective PCI

The exploratory analysis was conducted in participants
who underwent PCI after April 2014 (n = 247) after exclud-
ing those with a procedure code for PCI with high-speed
rotating percutaneous transluminal atherectomy catheter
(without diagnosis) (n = 10). This analysis included 51
acute PCI (20.6%; 16 acute myocardial infarction and 35
unstable angina) and 196 elective PCI (79.4%) participants;
151 (61.1%) participants were in the old group and 171
(69.2%) participants were men. The proportions of acute
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Table 3. Associations of age and sex with prescription of guideline-based medications after discharge.

Old (ref. pre-old)

Men (ref. women)

aOR (95% CI) p value aOR (95% CI) p value
Antiplatelets 1.27 (0.68-2.37) 0.452 1.32 (0.69-2.54) 0.400
Statins 0.70 (0.51-0.95) 0.023 0.64 (0.45-0.89) 0.008
ACEi/ARB 1.19 (0.89-1.59) 0.235 0.93 (0.68-1.28) 0.673
p-blockers 1.11 (0.82-1.51) 0.510 1.66 (1.17-2.33) 0.004

ACE], angiotensin-converting enzyme inhibitors; aOR, adjusted odds ratio; ARB, angiotensin II receptor

antagonists; CI, confidence interval.

Table 4. Exploratory analysis according to the indications for PCI.

Baseline period

Follow-up period

Acute PCI Elective PCI

Overall Overall (n=51) (n = 196) p value
Antiplatelets 148 (59.9) 234 (94.7) 49 (96.1) 185 (94.4) 0.630
Statins 110 (44.5) 160 (64.8) 38 (74.5) 122 (62.2) 0.102
ACEi/ARB 129 (52.2) 134 (54.3) 27 (52.9) 107 (54.6) 0.833
p-blockers 77(31.2) 79 (32.0) 29 (56.9) 50 (25.5) <0.001

Frequencies (percentages) are shown, except for the p values.
Participants who underwent PCI in or after April 2014 were included in this analysis (n = 247).
ACE]i, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor antagonists; PCI,

percutaneous coronary intervention.

PCI tended to be higher in the pre-old group (24.0% vs.
18.5% for the old group) and men (22.2% vs. 17.1% for
women).

The prescription rates of guideline-based medications
in participants who underwent PCI after April 2014 were
similar to those of overall study participants (Table 4).
Participants who underwent acute PCI were more likely to
be prescribed S-blockers, and tended to be more frequently
prescribed statins (Table 4).

Discussion

Main findings

In this study, we demonstrated that a substantial pro-
portion of older adults that underwent PCI did not receive
some of the guideline-based medications recommended for
secondary prevention in the community settings after dis-
charge. Although the old group was more likely to be pre-
scribed antiplatelets at baseline, which may be a reflection
of a higher frequency of previous cardiovascular events,
almost all of the study participants were prescribed anti-
platelets after PCI regardless of age and sex. The majority
of study participants were prescribed ACEi/ARB at base-
line, and prescription rates increased after PCI with no
apparent differences based on age or sex. Only one-third of
the study participants were prescribed f-blockers, which
could be partially explained by the low proportion of acute
PCIs seen in the exploratory analysis. This may also par-
tially explain the lower prescription rate of S-blockers in
women than in men.

The prescription rate of statins at baseline was higher
in men than in women; however, after PCIL, it was higher in
women than in men. In addition, the prescription rate of
statins was similar in the pre-old and old groups at baseline;
however, after PCI, the prescription rate increase was
greater in the pre-old group. These differences were con-
sidered to be attributed to prescribing decisions based on
serum cholesterol levels, which are generally higher in
women and the younger population (Roth et al. 2011). Low
cholesterol levels in the older adults may have indicated a
terminal decline in the last years of life (Charlton et al.
2018); therefore, some of the omitted statin prescriptions
could have been appropriate. Nevertheless, we considered
statins to be under-used in this population at high risk for
cardiovascular events because we expected most of the
study participants to be fit (not require long-term care) with
enough life expectancy to benefit from secondary preven-
tive medications.

Comparisons with previous studies performed in Japan

Our findings complement those obtained from registry-
based studies performed in Japan that had indicated insuffi-
cient use of guideline-based medications at the time of hos-
pital discharge. The JCD-KiCS study showed that among
1,612 patients that underwent PCI (mean age, 67 years) at
14 hospitals between 2008 and 2009, aspirin and statins
were frequently prescribed (97.1% and 82.3%, respec-
tively); however, ACEi/ARB and f-blockers were less fre-
quently prescribed (63.4% and 69.2%, respectively) at the
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time of discharge (Endo et al. 2013). These findings were
similar to those of other related studies (Kohsaka et al.
2015; Sawano et al. 2017). Additionally, an age older than
80 years was associated with fewer prescriptions of guide-
line-based medications, including dual antiplatelet therapy,
statins, ACEi/ARB, and f-blockers (Endo et al. 2013). One
study, which focused on statins and included 13,024
patients with established coronary artery disease (mean age,
69 years; 37.3% underwent PCI), found that the presence of
chronic kidney disease was associated with the non-pre-
scription of statins at discharge (Sawano et al. 2017). Our
study also showed an association between older age and
lower frequency of statin prescription; however, this might
have been confounded by unconsidered or unmeasured fac-
tors, such as lower renal function, which were not included
in the insurance claims data.

Some studies have reported the use of guideline-based
medications for patients with acute myocardial infarction.
The Tokyo CCU network study showed that patients with
acute myocardial infarction (mean age, 68 years; 83.5%
underwent PCI) were prescribed the following mediations
during hospitalization: aspirin, 93.6%; thienopyridine (a
P2Y12 inhibitor), 73.1%; statins, 65.0%; ACEi/ARB,
58.3%; and p-blockers, 38.8% (Miyachi et al. 2016). The
prescription rates of guideline-based medications in this
study were quite similar to our results. More recently, the
JROAD-DPC study of patients with acute myocardial
infarction (mean age, 69 years; 85.7% underwent PCI) at
741 hospitals showed that there were wide variations in
prescription rates among hospitals, and that the median pre-
scription rates at discharge were 80% (interquartile range
[IQR], 75%-85%) for aspirin, 68% (IQR, 58%-76%) for
statins, 60% (IQR, 47%-70%) for ACEi/ARB, and 51%
(IQR, 36%-63%) for p-blockers (Nakao et al. 2019).
Compared to our results, despite the low rate of aspirin, the
greater use of f-blockers was consistent with the findings
from the exploratory analysis in the present study.

Comparisons with previous studies performed in other
countries

Compared with our results, higher prescription rates,
especially for f-blockers and statins, were often reported in
Western and other Asian countries. To some extent, the dif-
ferences may be explained by the higher frequency of elec-
tive PCI in Japan as compared to other countries (Bradley
et al. 2015; Kohsaka et al. 2015; Inohara et al. 2019). In
addition, differences in reimbursement and payment
schemes between other countries and Japan might explain
the use of guideline-based medications. Furthermore, our
study found that men were less likely to be prescribed
statins; however, studies conducted in other countries often
reported lower prescription rates of guideline-based medi-
cations for women rather than for men.

In the United States, antiplatelet agents, statins, and
p-blockers were all prescribed to 66.0% of the 293,795
patients with stable angina that underwent PCI between

2007 and 2009 (Borden et al. 2011). The prescription rates
for antiplatelet therapy, statins, ACEi/ARB, and f-blockers
were 99.2%, 84.7%, 60.7%, and 75.9%, respectively, at dis-
charge. The TRANSLATE-ACS study showed that 10,870
patients that underwent PCI (with data regarding angina
status; median age, 60 years) from 2010 to 2012 were pre-
scribed aspirin, P2Y12 inhibitors, statins, ACEi/ARB, and
[-blockers at rates of 98.7%, 99.6%, 95.5%, 74.5%, and
93.4%, respectively, at discharge (Fanaroff et al. 2017).
Another study reported that, among patients with coronary
artery disease at outpatient cardiology practices (mean age,
68 years; 21.7% underwent PCI in the previous 12 months),
66.5% were prescribed statins, ACEi/ARB, and f-blockers
(Maddox et al. 2014). Men were more likely than women
to be prescribed all three of the drugs, without any associa-
tions of older age with the three-drug combination.

In Sweden, national registry data showed that approxi-
mately 80% and 50% of patients with ST-elevation myocar-
dial infarction and non-ST-elevation myocardial infarction,
respectively, underwent PCI during 2013 and 2014
(Szummer et al. 2019). For patients with ST-elevation
myocardial infarction, dual antiplatelet therapy, statins, and
S-blockers were prescribed to approximately 90% of
patients, and ACEi/ARB was prescribed to approximately
80% of patients. In the Netherlands, prescriptions for
patients with acute myocardial infarction (mean age, 67
years; 53% underwent PCI) were evaluated 1 year after dis-
charge (Maddox et al. 2014). There were differences in the
prescription rates of guideline-based medications based on
sex; women were less likely than men to be prescribed aspi-
rin (77% vs. 83%), P2Y 12 inhibitors (72% vs. 78%), statins
(79% vs. 87%), ACEi/ARB (71% vs. 75%), and f-blockers
(81% vs. 82%). More recently, prescriptions of guideline-
based medications for patients with ST-elevation myocar-
dial infarction (mean age, 64 years) that were referred to a
tertiary hospital for primary PCI between 2014 and 2016 in
Switzerland were studied (Bruggmann et al. 2020). At dis-
charge, prescription rates for aspirin, P2Y12 inhibitors,
statins, ACEi/ARB, and f-blockers were 98.6%, 93.9%,
83.8%, 98.6%, and 97.1%, respectively. One year after dis-
charge, these prescription rates had decreased, especially
for P2Y 12 inhibitors and statins. Female sex and age older
than 65 years were factors associated with incomplete pre-
scriptions for all drugs at discharge and one year after dis-
charge.

A study performed in South Korea showed that the
prescription rate of all of aspirin, P2Y 12 inhibitors, statins,
ACEi/ARB, and f-blockers was 75.7% at discharge for 494
patients with acute coronary syndrome, and there was a ten-
dency for lower prescription rates with increasing age and
female sex (Byeon et al. 2016). These prescription rates
decreased over time to 34.2% and 21.3% at 12 and 18
months after discharge, respectively. Another study using
national insurance claims data reported that the prescription
rates for aspirin, P2Y'12 inhibitors, statins, ACEi/ARB, and
[-blockers were 94.4%, 96.1%, 86.5%, 63.5%, and 67.4%,
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respectively (Kang et al. 2018). All five recommended
medications were prescribed to less than half of the patients
(44.2%), and there was no difference in the prescription rate
based on sex.

Strengths and limitations

One of the strengths of this study was that the use of
claims data enabled the investigation of all prescriptions
from any hospital or clinic after the participants were dis-
charged. Evaluating all prescriptions is generally difficult
in registry-based or hospital-based studies. To avoid under-
estimation of the prescription rates, we carefully selected
the study participants by using not only medical claims
data, but also long-term care claims and related data, to
identify those without claims data for prescription drugs.

There were several limitations to this study. We could
not evaluate prescriptions at discharge from the hospital
because the data regarding the exact dates of the prescrip-
tions were not available. However, medications are rarely
introduced in general practice after discharge from a hospi-
tal (Bruggmann et al. 2020); therefore, improvements in
prescription rates at discharge may be the most important
target for intervention. In addition, data regarding diagno-
ses and severity of disease for PCI (e.g., ST-elevation or
non-ST-elevation myocardial infarction, or unstable or sta-
ble angina) were generally not available for this study
although these may have affected the prescription rates of
guideline-based medications (Endo et al. 2013; Byeon et al.
2016; Miyachi et al. 2016; Fanaroff et al. 2017; Szummer et
al. 2019). However, in this study, the majority of partici-
pants might have had stable coronary artery disease, not
acute coronary syndrome, according to the exploratory
analysis and previous reports from Japan (Kohsaka et al.
2015; Inohara et al. 2019); and the four-drug combination is
not always recommended for those with stable coronary
artery disease. Specifically, there is a lack of sufficient evi-
dence supporting the use of ACEi/ARB in patients without
hypertension and fS-blockers in patients with stable coro-
nary artery disease (JCS Joint Working Group 2019).
Moreover, we could not completely distinguish participants
undergoing their first PCI because of the short duration of
the study period. Therefore, some of the study participants
had already received secondary prevention at baseline. As
with other studies using claims databases, we were not able
to know whether the participants took their prescribed
drugs, the reasons for the prescription or non-prescription
of the drugs, and the reasons for discontinuation of the
drugs. Lack of laboratory test results in the claims database
limited us to evaluate adverse events appropriately. Some
reasons for the non-prescription of statins for older adults
were considered, including statin intolerance, muscular dis-
orders (such as myopathy and rhabdomyolysis), liver disor-
ders, and new-onset diabetes (Russo et al. 2009; Zhang et
al. 2013; Mancini et al. 2016). We considered the guide-
line-based medications to be appropriate for most of the
study participants who underwent PCI without the need for

long-term care; however, the non-prescription of some of
the recommended drugs might have been appropriate for
some participants because the potential risks of adverse
effects outweighed the expected benefits. Further evidence
is needed to individualize some specific populations by
evaluating the benefits, risks, and dosing of guideline-based
medications for older adults (Peeters et al. 2017; Madhavan
et al. 2018). Finally, the generalizability of the findings
from this study to other areas in Japan and other countries
may be limited because of the wide variations in adherence
to the guidelines (Maddox et al. 2014; Nakao et al. 2019).
Our results may have been influenced by policies or direc-
tions of some of the hospitals included in the study.

Conclusions

The present study used claims data to demonstrate that
guideline-based medications are not always prescribed for
older adults in the community settings after discharge fol-
lowing PCI. Although the non-prescription of some drugs
is a result of appropriate individualized treatment, further
studies are needed to identify the reasons for non-prescrip-
tions of guideline-based medications unrelated to individu-
alized treatment. Our results suggest the potential for
improvements in secondary prevention with increased pre-
scription of guideline-based medications in this population.
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