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Abstract

Background Coronary artery angiography (CAG) and percutaneous coronary intervention (PCl) are superior to non-
invasive approaches in reducing mortality in patients with ST-segment elevation myocardial infarction (STEMI). How-
ever, their efficacy remains uncertain in non-ST-elevation acute coronary syndromes (NSTE-ACS) and limited in low-
resource settings. This study aimed to compare in-hospital and 5-year mortality rates between patients with a first
event of STEMI and NSTE-ACS who underwent CAG and PCl and those with similar severity who did not undergo CAG
and PCl.

Methods A propensity-matched retrospective cohort study was conducted using population-based claims data

of national universal coverage of Thailand for identification of patients with acute coronary syndromes. The mortal-
ity of recruited patients was additionally linked to the national database of vital registration. Patients aged > 40 years
who were hospitalized for STEMI and NSTE-ACS in 2017, with a focus on access to CAG and PCl were included.

For each condition either STEMI or NSTE-ACS, patients who underwent CAG and PCl were matched to those who did
not undergo using propensity score matching (PSM) to balance measured confounders, such as age, sex, and under-
lying conditions. In-hospital mortality rate ratio and 5-year mortality were analyzed as measures.

Results Through PSM, 2,702 non-intervention STEMI patients were paired with an equal number of intervention
patients, and similarly, 5,072 non-intervention NSTE-ACS patients were matched with an equivalent group who
received interventions. For patients with STEMI, the in-hospital mortality rate ratio (95% confidence interval (Cl))

for those who underwent CAG and PCl compared to those who did not was 30.1% (30.0%, 30.2%). Similar trends
were observed in patients with NSTE-ACS with a mortality rate of 34.7% (34.6%, 34.8%). For the five-year mortality
comparison, the hazard ratios (95% Cl) of mortality after discharge were 0.55 (0.50, 0.62) for STEMI and 0.57 (0.54, 0.61)
for NSTE-ACS cases.
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Conclusions Access to CAG and PCl was significantly associated with lower in-hospital and 5-year mortality rates
in patients who experienced their first event of ACS, despite the limited availability of some unmeasured or residual
confounders. Healthcare systems should expand their resources for CAG and PCl in Thailand and other countries

to equitably enhance longevity.
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Introduction

Acute coronary syndrome (ACS) is a prevalent car-
diovascular disease and a leading global cause of death
[1]. Approximately 75% of ACS-related deaths occur in
low- and middle-income countries [2], which is related
to aging populations, sedentary lifestyles, unhealthy
diets, and limited resources [3]. In Thailand, ACS has
consistently ranked as the leading cause of death and
disability-adjusted life years over the past decade [4, 5].
Coronary artery angiography (CAG) and percutaneous
coronary intervention (PCI) are the preferred proce-
dures for the diagnosis and treatment of patients diag-
nosed with ST-segment elevation myocardial infarction
(STEMI) [6] and have been proven more effective than
thrombolytic therapy [7]. Patients with non-ST-ele-
vation ACS (NSTE-ACS) with high-risk features also
require coronary angiography and PCI [6]. Research
from the United States, United Kingdom, and Sweden
has shown that the primary utilization of PCI has been
increasing among patients with STEMI since 2004 [8,
9]. This trend is also observed in Thailand, where PCI
usage for patients with STEMI rose from 21.9% in 2011
to 53.9% in 2017 [10]. Although 18-month follow-up
outcomes are well-studied [7, 11, 12], research on long-
term survival after PCI over two years is still limited.
Most PCl-effectiveness studies have been conducted in
Western countries [8, 9, 11] in which healthcare struc-
tures and socioeconomic status differ from those in
Thailand [10].

Unlike wealthy nations, Thailand, which has a low-
resource setting, faces challenges in providing equita-
ble support for CAG and PCI for all patients with ACS.
From 2011 to 2017, the National Health Security Office
(NHSO) in Thailand identified preliminary evidence
suggesting that enhancing access to PCI for patients
with STEMI could notably reduce mortality rates over
time [10]. Since 2017, the NHSO has endeavored to
facilitate reimbursement for all patients requiring CAG
and PCI, including those with STEMI and NSTE-ACS.
Despite these efforts, a discrepancy exists between the
number of cases and the capacity of the health system.
As a result, some patients who need CAG and PCI have
been unable to access such services. The effect of dis-
parities in access to CAG and PCI on patient survival
remains unclear. This knowledge gap underscores the

necessity for real-world data analyses to elucidate the
decreased mortality rate associated with access to CAG
and PCIL.

Thailand is an upper-middle-income country with
three primary healthcare schemes: civil servant medi-
cal benefits, social security, and universal coverage (UC).
For ACS, the claims data of UC (accounting for over 75%
of cases) are collected by the NHSO [13] and the health
facilities, have been reimbursed for the costs of throm-
bolytic agents and instruments for CAG and PCI, since
2009 using fee schedules [10]. Additionally, the claims
databases of the NHSO are linked to the national data-
base of vital registration (VR) [14], thereby enabling the
tracking of mortality. In this study, we aimed to compare
the in-hospital and five-year mortality rates of patients
with a first event of STEMI and NSTE-ACS who could
access CAG and PCI with those who could not. By
understanding the benefits of access to CAG and PCI in
prolonging lifespan on a national scale, we can advocate
for policymakers in the health system to enhance access
to CAG and PCI for all patients experiencing their first
ACS event. This approach ensures equity and upholds
human rights to promote longevity [15].

Methods

Study design

This study utilized a retrospective cohort design, select-
ing individuals hospitalized due to STEMI or NSTE-ACS
from claims databases in 2017 and analyzing each condi-
tion separately. We focused on access to CAG and PCI,
using no access to these as the reference. All individu-
als were tracked in the VR database until September 30,
2023, using the relevant databases.

Data sources and enrolled participants

Inpatient claims and VR databases were linked using
encrypted identification numbers. Using the Interna-
tional Classification of Diseases, Tenth Revision (ICD-
10), we retrieved only the data of patients with a primary
diagnosis of STEMI (I121.0-3) and NSTE-ACS (121.4) who
were hospitalized in PCI-center hospitals. We selected
these ICD-10 codes to eliminate confounding from
repeat events and to ensure a more focused analysis on
the first presentation of ACS in our study. To obtain the
most updated situation of CAG and PCI services with a
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5-year follow-up, we selected only patients hospitalized
due to a first event of STEMI or NSTE-ACS between Jan-
uary 1 and December 31, 2017.

Considering the rarity of ACS in patients
aged <40 years, [16] such patients were excluded from
our analysis. As indicated by the ICD, Ninth Revision,
Clinical Modification (ICD-9-CM) codes, our study
excluded individuals who had previously undergone PCI
(00.40-00.48, 00.66, and 36.06—36.07) or coronary artery
bypass grafting (CABG) procedures (36.10-36.19). Addi-
tionally, individuals with a history of hospitalization due
to any form of ischemic heart disease, classified under
diagnoses 120-25, prior to January 1, 2017 (since 2011)
were excluded. The exclusion criteria were also extended
to those who received CABG as the initial definitive
treatment for their first ACS event.

Exposure and confounders

Using ICD-10 codes, individuals were stratified into two
groups: STEMI identified by 121.0-3 and NSTE-ACS
identified by 121.4. Within each stratum, access to CAG
and PCI was the exposure of interest, as determined by
the ICD-9-CM codes for CAG (88.5-7) and PCI (00.40—
00.48, 00.66, and 36.06—36.07). Individuals who received
medical treatment without undergoing coronary pro-
cedures were included in the control group. Within the
STEMI stratum, nearly all patients in the unexposed
group (99%) underwent revascularization with streptoki-
nase, whereas only 1% were treated with a recombinant
tissue plasminogen activator agent.

Age and sex were obtained from the VR database as
confounding variables. The underlying diseases were
identified through data mining for any ICD-10 code in
the claims database prior to the date of hospitalization
for the first ACS event, as shown in sTable 1 (Supple-
mentary Table 1). In the STEMI group, the purpose of
admission was classified as waiting for the evaluation of
primary and rescue PCIL In the NSTE-ACS group, the
reasons for admission included direct admission from
any department of the PCI-center hospital and refer-
ral from another hospital for CAG consideration. These
referral cases were severe, necessitating urgent transfer
to a PCI-center hospital for further evaluation. As clini-
cal assessment data were not available in the claims data-
bases, this variable was used as a surrogate for assessing
the high-risk group for NSTE-ACS. The health zonal
region in Thailand is also a potential confounder, as peo-
ple in each region have different lifestyles associated with
mortality [17] and there is a varying capacity for han-
dling cases of CAG and PCI [10]. We identified the health
zonal region based on the PCI-center hospital where the
patients were hospitalized.
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Outcomes

The outcomes of interest were in-hospital death and
death after discharge; however, if our analysis only con-
sidered any death after discharge as an outcome, the
results might be biased due to deaths from causes unre-
lated to heart conditions, a phenomenon known as col-
lider bias [18]. Therefore, we analyzed both deaths from
any cause and deaths related to heart conditions, as
documented in the VR database. Causes of death are
recorded in Thai as reported in clinical autopsies and
verbal autopsies when clinical autopsies are not feasi-
ble. Deaths related to heart conditions were identified
through the cause of death recorded in the VR database
in Thai, specifically any text containing “#l, which
translates to “heart”

Propensity score matching

For patients with STEMI and NSTE-ACS, our goal was to
balance the mortality risk between those who underwent
CAG and PCI and those who did not. We performed
1:1 propensity score matching (PSM) using an optimal
matching algorithm [19] for age, sex, underlying diseases,
purpose of admission, and health zone regions. Individu-
als who did not meet the inclusion criteria were excluded
from the study. Theoretically, we hypothesized that
groups with and without access to CAG and PCI would
exhibit comparable characteristics and baseline survival
risks after matching.

Statistical analysis
For both pre- and post-matched groups, demographic
information was systematically summarized using
descriptive statistical methods to compare the baseline
characteristics of patients with and without access to
CAG and PCI. This comparison was facilitated by apply-
ing a standardized mean difference (SMD) metric. An
SMD value exceeding 0.1 was deemed to be statistically
significant [20]. After balancing all measured confound-
ers through PSM, we designated patients without access
to CAG and PCI as the reference group. We then com-
pared this reference group with the exposed group in
terms of three outcomes: in-hospital death, death from
any cause after discharge, and death related to heart con-
ditions after discharge. To compare in-hospital mortality
rates, we computed mortality rate ratios, subsequently
utilizing the logarithmic transformation method to
derive the 95% confidence interval (95% CI) [21].
Post-discharge mortality was analyzed using a time-
to-event approach. Patients who experienced in-hospital
death were excluded. For this analysis, all participants
were censored at the completion of the 1,825-day follow-
up period or on the date of death. Thus, the number of



Kumwichar et al. Global Health Research and Policy (2024) 9:48

patients at risk was consistent over time for both out-
comes despite differing event numbers. A Kaplan—Meier
plot was used to visualize survival trends over time for
both outcomes after discharge. Cox regression analysis
was used to compare the hazard ratios (HRs) between the
exposed and reference groups. The parallelism of a log-
minus-log plot of the hazard function was used to ver-
ify the proportional hazards assumption [22]. Since the
observed association in our analysis could be attributed
to unmeasured or residual confounders, we calculated
the “E-value” This represents the minimum strength of
association required between access to coronary proce-
dures (CAG + PCI) and mortality for an unmeasured or
residual confounder to explain the observed association.
A notably high E-value suggests that it is implausible for
an unmeasured or residual confounder to explain the
findings [23].

All analyses were performed using the Matchlt [24],
epiDisplay [25], survminer [26], tidyverse [27], and
EValue [28] packages in the R language and environment
(version 4.1.1; R Core Team, Vienna, Austria). Statistical
significance was set at p <0.05.

Results
Characterisitcs of patients recruited
The selection and stratification processes for the cohort
study of patients hospitalized with ischemic heart dis-
ease between January 1 and December 31, 2017, are
presented in sFigure 1 (Supplementary Fig. 1). Initially,
39,944 patients were included, and after exclusion, 34,606
remaining patients were stratified into two groups based
on their primary diagnosis at admission: STEMI and
NSTE-ACS. Of the 10,925 patients with STEMI, 930
who underwent CAG without PCI were excluded. Using
PSM, 2,702 non-intervention patients were matched with
an equal number of patients who underwent interven-
tions. Similarly, of the 23,681 patients with NSTE-ACS,
2,868 who underwent CAG without PCI were excluded.
Another PSM process matched 5,072 non-intervention
patients with an equal number of intervention patients.
A comparison of the characteristics of patients expe-
riencing their first STEMI event before and after PSM
is presented in Table 1. Initially, 7,293 patients with
access to CAG and PCI were compared with 2,702
patients across various demographics. After matching,
2,702 patients from each group were compared, show-
ing closer alignment of characteristics, as indicated by
SMD values less than 0.1. Table 2 compares the charac-
teristics of patients who experienced their first NSTE-
ACS event before and after PSM. Initially, it compared
5,072 patients with access to CAG and PCI with 15,741
patients without access, considering various demograph-
ics and health conditions. After matching, each group
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consisted of 5,072 patients, revealing a closer alignment
of characteristics.

In-hospital mortality

Table 3 presents mortality rate ratios for patients with
two types of ACS based on their access to CAG and
PCL In the case of STEMI, patients with access to CAG
and PCI had a mortality rate of 102.1 deaths per 1,000
patients, significantly lower than the 339.4 deaths per
1,000 patients in the group without access, resulting in a
mortality rate ratio (95% CI) of 30.1% (30.0%, 30.2%). For
NSTE-ACS, patients with access had a mortality rate of
32.9 deaths per 1,000 patients, compared to 94.8 deaths
per 1,000 patients in the no access group, with a mortal-
ity rate ratio (95% CI) of 34.7% (34.6%, 34.8%).

Five-year mortality after discharge

After excluding those who died in-hospital, among the
patients with STEMI, the remaining total was 4,211,
with 1,785 (42.4%) not undergoing CAG and PCI and
2,426 (57.6%) undergoing CAG and PCIL For patients
with NSTE-ACS, the remaining number was 9,496, with
4,591 (48.3%) not undergoing CAG and PCI and 4,905
(51.7%) undergoing CAG and PCI. We re-evaluated the
balance of characteristics after post-exclusion and iden-
tified an imbalance solely in the distribution of healthy
zonal areas, caused specifically by an imbalance in the
11th zonal area. This led to an SMD greater than 0.1 but
less than 0.3, as detailed in sTable 2 and sTable 3 (Sup-
plementary Tables 2—-3), which is considered acceptable.
Hence, we continued the time-to-event analysis without
any rematching.

Figure 1 presents the Kaplan—Meier survival curves,
including 95% CI bars, comparing overall survival and
heart condition-related mortality for STEMI and NSTE-
ACS cases between patients with access to CAG and
PCI (blue) and those without (red). The survival curves
suggest that patients with access to CAG and PCI exhib-
ited a higher survival rate over the observed period of
1,825 days, with both overall survival and specific sur-
vival from heart condition-related mortality outperform-
ing that of those without access.

The HRs for the overall and heart condition-related
mortality in patients with STEMI and NSTE-ACS are
shown in Table 4. Access to CAG and PCI was signifi-
cantly associated with a 45% lower risk of mortality from
STEMI (HR=0.55) and a 43% reduction in NSTE-ACS
(HR=0.57) than those without access. The parallelism of
a log-minus-log plot of the hazard function for all mod-
els, indicating no violation of the proportional hazard
assumption as shown in sFigure 2 to sFigure 5 (Supple-
mentary Figs. 2-5).
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Table 1 Comparison of characteristics of patients with first STEMI event pre- and post-matching for access to CAG and PCl
Demographics Pre-matched Post-matched

Access to CAG and PCl No access to SMD Access to CAG and PCI No access to SMD

CAG and PCI CAG and PCI

Total, N 7293 2702 2702 2702
n (%)
Male 5209 (71 4) 1756 (65.0) 0.139 1799 (66.6) 1756 (65.0) 0.034
Age, mean+SD 63.6+1 665+129 0.236 658+12.0 66.5+12.9 0.052
Hypertension 3501 (48.0) 1152 (42.6) 0.108 1128 (41.7) 1152 (42.6) 0.018
Hypercholesterolemia 3342 (45.8) 927 (34.3) 0.237 935 (34.6) 927 (34.3) 0.006
Diabetes 2064 (28.3) 662 (24.5) 0.086 671 (24.8) 662 (24.5) 0.008
Hyperthyroidism 38(0.5) 25(0.9) 0.048 25(0.9) 25(0.9) <0.001
Hypothyroidism 81(1.1) 38(1.4) 0.027 36(1.3) 38(14) 0.006
Chronic kidney disease 626 (8.6) 365 (13.5) 0.158 332(123) 365 (13.5) 0.036
Severe obesity 28 (0.4) 6(0.2) 0.029 5(0.2) 6(0.2) 0.008
Valvular heart disease 228 (3 1) 84 (3.1) 0.001 85(3.1) 84 (3.1) 0.002
Previous TIA/stroke 1(3.0) 160 (5.9) 0.14 132(4.9) 160 (5.9) 0.046
Atrial fibrillation ( 7) 165 (6.1) 0.026 184 (6.8) 165 (6.1) 0.029
Heart failure 1305 (17.9) 620 (22.9) 0.126 605 (22.4) 620 (22.9) 0.013
Purpose of admission 0.348 0.045
at a PCl-center hospital
To consider primary PCl 6142 (84.2) 142 (5.3) 116 (4.3) 142 (5.3)
To consider rescue PCl 1151 (15.8) 2560 (94.7) 2586 (95.7) 2560 (94.7)
Health regional zone 0.632 0.078
1 687 (9.4) 286(106) 318(11.8) 286 (10.6)
2 400 (5.5) 39(5.1) 151 (5.6) 139(5.1)
3 352 (4.8) 8(44) 120 (44) 118 (4.4)
4 642 (8.8) 23 (4.6) 115(4.3) 123 (4.6)
5 607 (8.3) 240 (8.9) 252(9.3) 240 (8.9)
6 651 (8.9) 64 (6.1) 167 (6.2) 164 (6.1)
7 578 (7.9) 104 (3.8) 113 (4.2) 104 (3.8)
8 524(7.2) 124 (4.6) 116 (4.3) 124 (4.6)
9 725(9.9) 126 (4.7) 127 (4.7) 126 (4.7)
10 410 (5.6) 153 (5.7) 171 (6.3) 153 (5.7)
Il 450 (6.2) 459 (17) 403 (14.9) 459 (17.0)
12 596 (8.2) 554 (20.5) 541 (20.0) 554 (20.5)
13 671(9.2) 112(4.7) 108 (4.0) 112 (4.0)

CAG, coronary artery angiography; PCl, percutaneous coronary intervention; SD, standard deviation; STEMI, ST-segment elevation myocardial infarction; SMD,

standardized mean difference; TIA, transient ischemic attack

Sensitivity analysis

In-hospital mortality was observed to have an E-value of
6.1 among patients admitted for STEMI and 5.2 for those
admitted for NSTE-ACS. Regarding five-year overall
or condition-specific mortality, the E-values for the HR
were 2.4 for STEMI admissions and 2.3 for NSTE-ACS.
Our literature review suggests that the five-year mortality
rates might be attributable to unmeasured confounders
of current smoking status. This factor exhibits a relative
risk of 3.06 for cardiac death [29], which surpasses the
E-value for five-year mortality rates. Thus, it is plausible

that current smokers are less likely to undergo CAG and
PCI, contributing to increased 5-year mortality rates.
However, our review did not identify any confounders
that could account for the decreased in-hospital mortal-
ity associated with access to CAG and PCI.

Discussion

In this study, after balancing potential confounders,
patients with access to CAG and PCI experienced sig-
nificantly lower in-hospital mortality rates in both the
STEMI and NSTE-ACS groups than those without
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Table 2 Comparison of characteristics of patients with first NSTE-ACS event pre- and post-matching for access to CAG and PCl

Demographics Pre-matched Post-matched

Access to CAG and PCI No access to SMD Access to CAG and PCl No access to SMD

CAG and PCI CAG and PCI

Total, N 5072 15,741 5072 5072
n (%)
Male 3061 (60.4) 8057 (51.2) 0.185 3061 (60.4) 3025 (59.6) 0.014
Age, mean+SD 65.0+10.8 69.0+12.2 035 65.0+10.8 65.1+£12.1 0.009
Hypertension 3639 (71.7) 9016 (57.3) 0.306 3639 (71.7) 3576 (70.5) 0.027
Hypercholesterolemia 3300 (65.1) 6018 (38.2) 0.557 3300 (65.1) 3242 (63.9) 0.024
Diabetes 2131(42.0) 5599 (35.6) 0.133 2131 (42.0) 2158 (42.5) 0.011
Hyperthyroidism 54(1.1) 205 (1.3) 0.022 54(1.1) 54(1.1) <0.001
Hypothyroidism 109 (2.1) 388 (2.5) 0.021 109 (2.1) 113(2.2) 0.005
Chronic kidney disease 951 (18.8) 4213 (26.8) 0.192 951(18.8) 989 (19.5) 0.019
Severe obesity 35(0.7) 51(0.3) 0.052 35(0.7) 26 (0.5) 0.023
Valvular heart disease 285 (5.6) 967 (6.1) 0.022 285 (5.6) 263 (5.2) 0.019
Previous TIA/stroke 179 (3.5) 605 (3.8) 0.017 179 (3.5) 190 (3.7) 0.012
Atrial fibrillation 403 (7.9) 1730 (11.0) 0.104 403 (7.9) 414 (8.2) 0.008
Heart failure 1473 (29.0) 6064 (38.5) 0.201 1473 (29.0) 1476 (29.1) 0.001
Type of admission at a PCI- 0.236 0.071
center hospital
From any department 4598 (90.7) 15,176 (96.4) 4598 (90.7) 4698 (92.6)
Referred from other hospital 474 (9.3) 565 (3.6) 474 (9.3) 374 (74)
Health regional zone 0437 0.089

381 (7.5) 1302 (8.3) 381 (7.5) 399 (7.9)
2 279 (5.5) 790 (5.0) 279 (5.5) 295 (5.8)
3 265 (5.2) 747 (4.7) 265 (5.2) 270(5.3)
4 566 (11.2) 1324 (84) 566 (11.2) 585(11.5)
5 579 (11.4) 1432(9.1) 579 (11.4) 591 (11.7)
6 487 (9.6) 1363 (8.7) 487 (9.6) 498 (9.8)
7 324 (6.4) 891 (5.7) 324 (6.4) 324 (64)
8 255 (5.0) 1250 (7.9) 255 (5.0 293 (5.8)
9 399 (7.9) 1500 (9.5) 399 (7.9) 389(7.7)
10 212 (4.2) 1040 (6.6) 212 (4.2) 239 (4.7)
11 318 (6.3) 1647 (10.5) 318(6.3) 322 (6.3)
12 273 (5.4) 1627 (10.3) 273 (5.4) 271 (5.3)
13 734 (14.5) 828 (5.3) 734 (14.5) 596 (11.8)

CAG, coronary artery angiography; NSTE-ACS, non-ST-elevation acute coronary syndrome; PCl, percutaneous coronary intervention; SD, standard deviation; SMD,
standardized mean difference; TIA, transient ischemic attack

Table 3 In-hospital mortality rate ratios of the patients hospitalized for STEMI and NSTE-ACS

Type of ACS Access to CAG and PCI No access to CAG and PClI (ref.) Mortality rate
ratios (%) (95%
In-hospital death Deaths per 1000 In-hospital death Deaths per 1000 Cl)
patients patients
STEMI 276/2702 102.1 917/2702 3394 30.1(30.0,30.2)
NSTE-ACS 167/5072 329 481/5072 94.8 34.7 (34.6,34.8)

ACS, acute coronary syndrome; CAG, coronary artery angiography; Cl, confidence interval; NSTE-ACS, non-ST-elevation acute coronary syndrome; PCl, percutaneous
coronary intervention; STEMI, ST-segment elevation myocardial infarction
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Time since discharge (days)

Fig. 1 Comparison of overall survival and heart condition-related mortality between patients with and without access to CAG and PCl, for STEMI
and NSTE-ACS cases. Legends: CAG, coronary artery angiography; PCl, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial
infarction; ACS, acute coronary syndrome
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Table 4 Hazard ratios for overall and heart condition-related mortality in patients with ACS with and without access to CAG and PCl

Outcome Type of ACS Events per person-years HR (95% Cl)
Access to CAG and PCI No access to CAG and PCI
(ref.)
Overall mortality STEMI 638/10210 737/6314 0.55(0.50, 0.62)
NSTE-ACS 1490/20217 2104/15945 0.57 (0.54,0.61)
Heart condition-related STEMI 380/10210 440/6314 0.55 (048, 0.63)
mortality NSTE-ACS 985/20217 1389/15945 0.57 (0.53,0.62)

ACS, acute coronary syndrome; CAG, coronary artery angiography; Cl, confidence interval; HR, hazard ratio; NSTE-ACS, non-ST-elevation acute coronary syndrome; PCl,
percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction

access, as demonstrated by the mortality rate ratios.
A 5-year follow-up indicated that access to CAG and
PCI was associated with improved overall survival and
reduced heart condition-related mortality. The consist-
ency of these results suggests that external causes of
death are less likely to affect long-term mortality. HRs
further confirmed the substantial reduction in mortal-
ity risk among patients with access to CAG and PCI,
underscoring the importance of access to CAG and PCI
in prolonging longevity. Access to CAG and PCI could
reduce mortality by approximately 70% during hospitali-
zation and by 50% over five years. Our sensitivity analysis
suggested a robust association between access to CAG
and PCI and decreased in-hospital mortality in patients
with ACS. However, the association between access
to CAG and PCI and decreased five-year mortality in
patients with ACS remains inconclusive because it could
be explained by smoking, as not measured in our study,
which potentially confounds the results by indication [30,
31]. It is widely recognized that understanding the rea-
sons behind treatment decisions within existing claim
data is challenging, particularly with clinical complexity
like ACS in relation to CAG and PCIL

The reduction in in-hospital mortality rates among
patients with STEMI accessing CAG and PCI is partially
attributed to the comparison with the reference group
treated with streptokinase, which has less than a 50%
chance of reperfusion within 90 min [32]. In contrast, the
definitive lesion-identification capabilities of CAG and
the subsequent targeted treatment offered by PCI under-
score its superiority over the poorly effective fibrinolytic
therapy provided by streptokinase [32, 33]. Additionally,
knowledge obtained from CAG regarding the lesion can
guide cardiologists to manage STEMI and NSTE-ACS
cases more appropriately [34].

Although the association between access to CAG and
PCI and a reduction in five-year mortality rates was not
robust, our findings corroborate those of other studies
on STEMI in high-income countries [35, 36]. These stud-
ies have uniformly illustrated the superiority of CAG and

PCI over pharmacotherapy alone for the management
of ACS. Access to CAG and PCI at the first ACS event
plausibly enhance care quality, directly influencing the
myocardial infarction area. Minimizing the infarction
size from the beginning is likely to decrease long-term
mortality rates. However, a meta-analysis of randomized
controlled trials indicated that there was no decrease in
the long-term mortality rates for NSTE-ACS after CAG
and PCI [37]. This difference may stem from the fact that
unmeasured confounders, including current smoking,
were not balanced in our study. A study using a database
from Korean National Health Insurance System collected
the information of smoking status before and after PCI
which showed the influence of smoking on all-cause
death [31]. Therefore, we recommend that mandatory
smoking data be included in the NHSO records.

The systems for CAG and PCI in STEMI and NSTE-
ACS patients under Thailand’s universal coverage scheme
differ from those in other countries, limiting direct com-
parisons. There were some limitations of this study. First,
the data on the time to revascularization intervention
and severity assessment were not presented as the vari-
ables were not recorded in the database. Hospital infor-
mation was encrypted, making it impossible to identify
hospital levels. However, the sensitivity analysis sug-
gests that these unmeasured confounders are unlikely
to explain the significant findings observed. Second, this
study did not include patients with ACS who died before
hospitalization and focused only on patients experiencing
their first ACS event. This may have led to an underesti-
mation of both the number of patients who underwent
CAG and PCI and those who did not, though this likely
represents only a small minority. Third, the use of exist-
ing ICD-10 coding for diagnosis may introduce some
errors; however, these are expected to be minimal since
all medical claims and laboratory data at the hospital
level are reviewed and audited before being finalized and
recorded in the NHSO database. Fourth, when examining
five-year mortality, the results may be influenced by cur-
rent smoking status, which we were unable to track. This
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limitation should be addressed in future research. Fifth,
we could not obtain all hospital visit data, which meant
that we could not perform more detailed analyses con-
sidering the events after discharge. Finally, the effects of
COVID-19 infection on 5-year mortality in these groups
of patients from 2020 onwards could not be measured
due to the lack of additional data. However, the survival
hazards were not strikingly different between the periods
before and after 2020.

Conclusions

In low-resource settings, access to CAG and PCI was
significantly associated with reduced mortality risk in
patients experiencing their first ACS event. This associa-
tion was observed both during hospitalization and over a
5-year follow-up period, despite the potential limitations
of unmeasured or residual confounders. Therefore, it is
imperative for healthcare systems to enhance public edu-
cation, ambulance infrastructure, and human resources
to improve access to CAG and PCI and reduce inequi-
ties in care. Further research is needed on the indications
for these procedures and on clinical monitoring systems,
including cost-effectiveness analyses, to establish an
appropriate model for policy implementation.
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