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1. ABBREVIATIONS 

 

aOR – adjusted odds ratios 

ATEs – average treatment effects 

IHD – ischemic heart disease 

MHI – median household income 

95% CI – 95% confidence interval 

non-OMI – non-occlusive myocardial infarction 

NSTE-ACS – non-ST-elevation acute coronary syndrome 

NSTEMI – non-ST-elevation myocardial infarction 

OMI – occlusive myocardial infarction 

PSM – propensity-score matching 

SDoH – social determinants of health 

STEMI – ST-elevation myocardial infarction 

STROBE – STrengthening the Reporting of OBservational studies in Epidemiology 

 

 

 

 

 

 

 

 

 



2 
 

2. INTRODUCTION 

2.1. Acute coronary syndrome 

Acute coronary syndrome is a clinical event that is associated with acute myocardial 

ischemia (1). This comprehensive clinical entity comprises several clinical scenarios in the 

setting of acute myocardial ischemia, allowing for prompt clinical proceeding to prevent 

potentially severe complications. It represents a leading cause of morbidity and mortality 

worldwide (2), and is usually considered a clinical manifestation of the critical phase of 

coronary artery disease (3). 

2.1.1. Classification of acute coronary syndrome 

Acute coronary syndrome represents a clinical entity that is composed of ST-elevation 

myocardial infarction (STEMI) and non-ST-elevation acute coronary syndrome (NSTE-ACS), 

which further encompasses non-ST-elevation myocardial infarction (NSTEMI) and unstable 

angina. In addition, patients with sudden cardiac death that is presumably due to acute 

myocardial ischemia, could also be classified as having acute coronary syndrome (4).  

This modern classification depends on the diagnostic findings during clinical, 

electrocardiographic and laboratory assessment, and has direct implications on the clinical 

decision-making processes. As the name suggests, the differentiation of STEMI and NSTE-

ACS patients includes the recognition of different electrocardiographic patterns. The greatest 

subset of patients with acute coronary syndrome shows evidence of acute myocardial injury as 

determined by the high-sensitivity troponin levels, thereby representing a population of patients 

with acute myocardial infarction (4). The remaining minor part of the population does not 

exhibit an elevation of high-sensitivity troponin levels, although having manifest clinical and 

electrocardiographic signs of acute myocardial ischemia. These patients are therefore 

considered to have unstable angina. Due to importance of laboratory analysis, patients with 

NSTEMI and unstable angina are hardly differentiated at initial encounter (5). 

Due to potential limitations of the existing categorization, emerging studies justify the 

novel classification schemes that are based on the clinical assumptions of the underlying 

coronary occlusion. These classifications stratify patients with acute coronary syndrome into 

those having occlusive myocardial infarction (OMI) or non-occlusive myocardial infarction 

(non-OMI). The rationale includes an increased awareness about the necessity for urgent 

invasive management in former scenarios, compared to clinically guided utilization of invasive 
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management in latter cases (6). Furthermore, other pathogenesis-based multi-mechanistic 

approaches have been also suggested for the classification of acute coronary syndrome (1). 

Nevertheless, further studies are warranted to determine whether different approaches offer any 

clinical benefit or have only an arbitrary meaning. 

2.1.2. Diagnosis of acute coronary syndrome 

 The diagnosis of acute coronary syndrome includes the combination of clinical factors, 

electrocardiographic findings, and laboratory parameters (7). Each component bears a 

complementary role and correct interpretation of conjoint results is of paramount importance 

(8). This requires a systematic and analytical approach with clinical scrutiny and utilization of 

different validated algorithms. 

Clinical assessment warrants a physical examination with an evaluation of clinical signs 

and patient-reported symptoms. Patient-reported symptoms could be diverse, varying from 

typical chest pain (discomfort, pressure, or tightness) or its potential equivalents (dyspnoea, 

dyspepsia, burning sensation, epigastric pain, neck pain, mandibular pain, or left arm pain) to 

ominous presentations with haemodynamic and/or electrical instability (transient loss of 

consciousness, acute heart failure, cardiogenic shock, or cardiac arrest) (8). The symptoms are 

usually clustered in the association with acute myocardial ischemia. Aside from clinical 

assessment, multiple scoring systems are available to objectivize the patient’s risk of coronary 

artery disease. Some risk scores determine a baseline cardiovascular risk providing an insight 

into the likelihood of future cardiovascular events for each patient. Selected scoring tools 

endorse the quality of patient-reported symptoms with relevance to coronary artery disease. 

Finally, several scoring tools integrate various patient characteristics and provide an estimated 

risk for acute coronary syndrome. The utilization of detailed clinical appraisal and risk 

stratification allows for calculation of pre-test probability for coronary artery disease and/or 

acute coronary syndrome in each individual patient (9). 

Electrocardiographic assessment includes a detailed evaluation of contemporary 

electrocardiogram and its comparison to previous and subsequent records (8). The detection of 

dynamic changes represents an important clinical information. Based on the initial 

electrocardiographic assessment, electrocardiogram could be considered as normal; abnormal 

without diagnostic ST-segment elevation; and abnormal with diagnostic ST-segment elevation. 

Patients with electrocardiographic findings that exclude diagnostic ST-segment elevation 

mandate clinical consideration with respect to possible NSTE-ACS. Importantly, the presence 
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of normal electrocardiogram does not exclude acute coronary syndrome if there is a discordance 

with other clinical and/or laboratory determinants (10). On contrary, patients with diagnostic 

ST-segment elevation require urgent clinical proceeding and urgent invasive coronary 

angiography. Some electrocardiographic findings could be considered equivalents to diagnostic 

ST-segment elevation, including a novel left bundle branch block, diffuse ST depression with 

ST-segment elevation in augmented vector right (aVR) lead, and ST depression in septal leads 

with ST-segment elevation in posterior leads (11). 

Laboratory analysis incorporates a biochemical detection of the acute cardiomyocyte 

injury by measuring fluctuation of cardiac markers (8). Modern laboratory analysis is based on 

high-sensitivity cardiac troponin assays which offer unique biochemical properties. Depending 

on the utilized assay and pre-test probability, it is possible to select among different validated 

diagnostic algorithms (10). 

Additional diagnostic tools such as the echocardiography or cardiac magnetic resonance 

imaging are sometimes needed to provide more information. Imaging evidence of novel 

regional wall motion abnormality or loss of myocardial viability are associated with acute 

coronary syndrome (8). 

Having in mind that acute coronary syndrome represents a new-onset coronary event 

with ongoing ischemia and continuing pathophysiology, the importance of accompanying 

dynamics in clinical, electrocardiographic and laboratory findings is strongly underscored. 

Overall, an assessment of patients with suspected acute coronary syndrome has several goals. 

In the first instance, it is mandatory to accurately detect patients with acute coronary syndrome, 

while excluding other mimicking conditions. Second, it is vital to detect patients with high 

likelihood for acute coronary occlusion, such as those with STEMI or its equivalents, who 

should benefit from urgent invasive strategy. Third, proper risk stratification of each individual 

patient is warranted to reduce the myocardial ischemia, guide further management strategies, 

and tailor an appropriate pharmacologic strategy. Finally, it is crucial to effectively and timely 

detect each patient to spare the myocardium, while avoiding excessive and unnecessary 

utilization of healthcare resources (“time is myocardium”) (12). 

2.1.3. Risk factors and pathophysiology of acute coronary syndrome 

 There is plethora of risk factors for acute coronary syndrome, including non-modifiable 

and modifiable risk factors. Non-modifiable risk factors include older age, male sex, genetic 

background, and ethnicity. Modifiable risk factors could be divided into standard modifiable 
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risk factors and non-standard modifiable risk factors (2). Standard modifiable risk factors 

enclose smoking, dyslipidaemia, hypertension, and diabetes. Non-standard modifiable risk 

factors encompass various conditions, such as obesity, physical inactivity, diet, kidney disease, 

peripheral artery disease and others (2, 13). 

The pathophysiology of acute coronary syndrome is complex and involves various 

concomitant events (3). However, atherosclerosis represents the central dynamic process of 

most coronary events, that usually onsets long before the clinical manifestation of acute 

coronary syndrome. This long-year process includes cholesterol accumulation and coronary 

wall changes with subsequent formation of adaptive intimal thickening and intimal “fatty 

streaks” xanthoma. Continuation of the process leads to formation of fibrous cap atheroma and 

the development of other advanced plaque forms. As a result, affected coronary arteries exhibit 

coronary remodelling, endothelial dysfunction and local pro-inflammatory state which makes 

them prone to subsequent vessel injury and prothrombotic milieu. These events are promoted 

by systemic inflammation and various neurohumoral factors, along with multiple other 

anatomical, mechanical, and patient risk factors. If the atherosclerotic cascade continues, 

multiple overlapping events may occur leading to the development of vulnerable thin fibrous 

cap atheroma (3, 14). 

The principal underlying mechanism of an acute coronary syndrome is atherosclerotic 

plaque destabilization with consequent thrombus formation. A critical point is rupture, fissure 

or erosion of unstable atherosclerotic plaque which initiates a local cascade of pro-thrombotic 

events with an obstruction of coronary artery blood flow and acute myocardial ischemia. This 

process follows the pattern of positive feedback loop during which consequent events potentiate 

the antecedent elements (14). 

Nevertheless, other less frequent pathophysiologic mechanisms of acute coronary 

syndrome include spontaneous coronary artery dissection, coronary artery spasm, or coronary 

microvascular dysfunction. Some patients may even develop acute coronary syndrome without 

evidence of obstructive coronary artery disease or other mimicking conditions (2). 

2.1.4. Epidemiology of acute coronary syndrome 

 Ischemic heart disease (IHD) represents a leading single cause of mortality worldwide, 

accounting for more than 20% of mortality events (15). It is calculated that 7.2% of the adult 

population in United States have IHD (16). This produces a substantial global healthcare burden 

(15-17). 
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The predominant driver of these worrisome trends is acute coronary syndrome. Recent 

data from the Heart Disease and Stroke Statistics reveal that more than 3.1% of adult population 

in the United States have a history of acute coronary syndrome, while it is estimated that 

805,000 patients develop acute myocardial infarction per year (16). Globally, it is projected that 

yearly incidence of acute coronary syndrome includes more than 150 patients per 100,000 

inhabitants (18). 

When looking at its subtypes, the incidence of NSTE-ACS has remained relatively 

stable or slightly increased, while the incidence of STEMI has significantly decreased in recent 

years (19, 20). This is a result of better preventive measures and improved diagnostic methods, 

particularly in the form of high-sensitivity troponin tests. Due to distinct utilization of the 

abovementioned methods across different countries, the epidemiologic trends differ between 

lower and higher income regions (18). Nevertheless, due to the widespread use of the high-

sensitivity troponin tests, the diagnosis of unstable angina has substantially diminished on the 

account of increased incidence of NSTEMI (18). 

2.1.5. Management of acute coronary syndrome 

 The management of patients with acute coronary syndrome is vital for the prevention 

of serious associated complications. Depending on its timing, the management of acute 

coronary syndrome could be differentiated into acute or chronic treatment. Furthermore, the 

management depends on the underlying specific condition, i.e., whether the patient suffers from 

STEMI or NSTE-ACS. Finally, the management could be divided into invasive 

(revascularization and medications) or conservative (only medications) management. Invasive 

management could be further divided into percutaneous or surgically mediated 

revascularization (3, 8). 

 The acute management of patients with STEMI involves medications (antiplatelets and 

other supportive therapy) with urgent invasive coronary angiography that is usually 

accompanied by a percutaneous coronary intervention of the culprit coronary artery. This 

management algorithm is justified as most patients with STEMI exhibit an underlying acute 

occlusion of coronary artery which demands urgent reperfusion (Figure 1). 
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Figure 1. Illustration of the percutaneous coronary intervention in the left anterior descending 

coronary artery (original author’s work) 

It is recommended to administer the dual antiplatelet therapy in the periprocedural 

period and maintain it up to 12-months after the development of STEMI in most cases (11) 

(Figure 2). 

 
Figure 2. Mechanism of action of antiplatelet medications (original author’s work) 

Abbreviations: ADP – adenosine diphosphate; AMP – adenosine monophosphate; ATP – adenosine 

triphosphate; ASA – acetylsalicylic acid; Ca – calcium; cGMP – cyclic guanosine monophosphate; COX – 
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cyclooxygenase; cAMP – cyclic adenosine monophosphate; f – factor; GPIIb/IIIa – glycoprotein 2b/3a; GPIb – 

glycoprotein 1b; PKC – protein kinase C; GTP – guanosine triphosphate; GMP – guanylate monophosphate; NO 

– nitric oxide; PAR-1 – Protease-activated receptor-1; PDE – phosphodiesterase; PDGF – Platelet-derived 

growth factor; PGG2 – prostaglandin G2; PGH2 – prostaglandin H2; PGD2 – prostaglandin D2; PGE2 – 

Prostaglandin H2; PGI2 – prostaglandin I2; PGF2a – Prostaglandin F2alpha; PLC – phospholipase C; P2Y12 – 

purinergic receptor type Y, subtype 12; sAC – soluble adenylyl cyclase; sGC – soluble guanylate cyclase; TXA2 

– thromboxane A2; vWF – von Willebrand factor. 

If there is a presumable delay in the necessary invasive management, an application of 

thrombolytic therapy is recommended to attempt pharmacologic reperfusion. These patients 

should be transferred to the closest centre immediately after the administration of the 

thrombolytic therapy. Other management options such as urgent surgical revascularization or 

conservative management are rarely utilized for patients with STEMI due to the 

abovementioned necessity for prompt reperfusion (3, 8, 11). 

The acute management of patients with NSTE-ACS involves detailed risk stratification 

to guide medications (Figure 3) and estimate the timing of invasive coronary angiography. 

Depending on the findings of invasive coronary angiography, the subsequent management is 

determined between percutaneous coronary intervention, surgical revascularization, or 

continuation of only pharmacologic therapy. Some patients benefit from hybrid approaches 

which include staged percutaneous and surgical revascularization (3, 8, 10). 

 
Figure 3. Mechanism of action of anticoagulant medications (original author’s work) 
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Abbreviations: ADP – adenosine diphosphate; Ca – calcium; f – factor; HMWK – high molecular weight 

kallikrein; LMWH – low molecular weight heparin; UFH – unfractionated heparin; vWF – von Willebrand 

factor. 

Chronic management of patients with acute coronary syndrome depends on the acute 

management strategy, but usually involves potent dual antiplatelet and lipid-lowering therapy 

with beta-blockers and management of concomitant comorbidities (8). 

2.1.6. Prognosis of acute coronary syndrome 

 Due to substantial improvement in the management of these patients, particularly in the 

form of percutaneous coronary intervention and advanced medications, short- and long-term 

prognosis of this population has improved (19). Recent estimates indicate a decline of annual 

mortality rate for IHD by 25.2% in the period from 2009 to 2019 in United States (16). 

Nevertheless, it remains the most frequent single cause of mortality worldwide (11). 

Estimations of 1-month mortality of overall patients with acute coronary syndrome 

depict a variation between 2% and 5%. Sensitivity analysis by type of acute myocardial 

infarction reveals a 1-month mortality rates of 2-4% for NSTEMI and 3-8% for STEMI (10, 

11). When analysing the longer period, it is estimated that 1-year mortality for the overall cohort 

of acute coronary syndrome approaches 14% (16). These findings implicate that patients with 

STEMI portend worse short-term prognosis, but long-term analyses reveal a trend reversal with 

higher 1-year mortality in patients with NSTEMI (10, 11). 

Nevertheless, survivors of acute coronary syndrome have an increased risk of future 

cardiovascular events or complications such as heart failure, arrhythmias, conduction 

disturbances, mechanical complications, or pericarditis (11). 

2.2. Emerging issues in acute coronary syndrome 

Acute coronary syndrome represents an ever-growing and challenging field that utilizes 

substantial healthcare and scientific resources (21). Recent years have revealed an emerging 

importance of equity and equality in the management and outcomes of this vulnerable 

population. However, increasing data have suggested that some populations are understudied 

with potential for undertreatment and worse outcomes. Essential features of this population 

such as their socioeconomic status, sex, hospital records (diagnostic coding priority) or trial 

recruitment status, have been increasingly prioritized to meet the literature demands. 
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Disparities, bias, and inequalities in this population have been mediated through 

differences in risk profile, public education, access to healthcare, clinical process, physician 

bias, rehabilitation phase, adherence to recommended therapy, and inadequate scientific 

evidence (underreport of specific population data and underrepresentation in clinical studies).  

Therefore, this doctoral dissertation targeted a contemporary analysis of patients with 

acute coronary syndrome using the valuable real-world data from large registries. The analyses 

were focused on the differences between patients based on their socioeconomic status, 

diagnostic coding priority, trial recruitment and sex (Figure 4). Such initiatives are warranted 

to improve and equalize the quality of care and outcomes in this important population. 

 
Figure 4. Emerging issues in acute coronary syndrome – socioeconomic status, hospital 

records (diagnostic coding priority), sex and trial recruitment (original author’s work) 

2.2.1. Socioeconomic determinants of acute coronary syndrome 

Socioeconomic factors represent important social determinants of health (SDoH), along 

with the psychosocial and environmental aspects, that have been linked to the outcomes of 

patients with cardiovascular disease (22). Each SDoH is multidimensional, often with 

overlapping features, which further aggravates the understanding of this complex interaction. 
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The assessment of SDoH is additionally affected by the heterogeneity of available measuring 

methods leading to a lack of standardization. A recent systematic review of longitudinal studies 

revealed a utilization of various measures of psychosocial and environmental determinants 

(various indices, individual-level perceived scales, questionnaires, records of public bodies, 

psychometric tools, etc.) (22). 

Socioeconomic status could be expressed with the different measures, including the 

income, educational attainment, neighbourhood status, and occupation (23). Median household 

income (MHI) represents an important aspect of the socioeconomic status that could be easily 

quantified and utilized to objectively stratify the population of interest. It has been previously 

confirmed as a surrogate of socioeconomic status for the purpose of health research. 

In the context of acute coronary syndrome, patient differences in socioeconomic status 

have been consistently associated with diverse outcomes. The reasons for distinct outcomes are 

complex and multifactorial. Numerous underlying mechanisms have been proposed, including 

the social, behavioural, and biological factors. This includes impaired prevention strategies, 

dietary patterns, higher risk profile, limited access to healthcare, bias in clinical decision-

making process, lower adherence to recommended therapy, and multiple other biological 

mechanisms. For example, lower socioeconomic status could promote chronic stress, 

inflammation, atherosclerosis, and accelerated ageing (22). 

The existing studies encompassed specific or single-centre cohorts that prevented its 

extrapolation to wider population, warranting further studies (24-27). Other important factors, 

such as the distinct methodology in determining socioeconomic status across the studies, also 

precluded direct comparison of the findings. There was also a lack of data on temporal trends 

of the socioeconomic disparities in terms of management and outcomes of patients with acute 

coronary syndrome. Therefore, solid data from large research studies was required to further 

determine the presence and explore the extent of this association. There were no similar studies 

based on the National Inpatient Sample database. 

2.2.2. Diagnostic coding priority of acute coronary syndrome 

 Diagnostic coding of conditions and procedures represents an important part of large 

administrative databases to ensure adequate collection of data for multiple purposes. This 

process includes recognition of major admission causes that should be recorded in the primary 

or principal diagnostic fields. However, non-negligible portion of important conditions are 

being coded at the secondary level leading to potential errors in future dataset analyses. 
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 Large-scale administrative databases represent the main reference point for national 

healthcare systems. Data from these registries are used to inform the reformative measures and 

reimbursement purposes, as well as to gain insights about the real-word state of the population 

of interest. The coding and extraction algorithms are therefore substantially important. 

Most previous studies on patients with acute coronary syndrome have utilized only 

primary-coded diagnosis of acute coronary syndrome (28-35). However, these algorithms could 

potentially introduce a substantial selection bias as administrative data may not contain 

correctly prioritized diagnostic codes, leading to underestimation of the true cohort and 

exclusion of a significant number of patients with acute coronary syndrome. Furthermore, it 

was not clear whether patients with primary and secondary coded acute coronary syndrome 

share similar risk profile and exhibit similar outcomes, which may lead to potential 

miscalculation of the overall prognosis of the cohort if focusing only on selected patients. 

Existing literature on this topic was restricted to small cohort studies over a limited period. 

There were no similar studies based on the National Inpatient Sample database. 

2.2.3. Trial recruitment in acute coronary syndrome 

Conventional clinical trials are usually representative of the highly selective population 

and their generalizability to overall population is questionable. Multiple determinants affect 

their wider applicability including robust exclusion criteria, biased management, and strict 

follow-up. Therefore, insights into the real-world data were warranted to determine whether the 

population of patients enrolled into clinical trials, which form the reference point for society 

guidelines, differs from real-world population of patients with acute coronary syndrome. While 

there were several literature works investigating this important topic, there were based on 

smaller sample sizes with restricted study period (36-39). There were no similar studies based 

on the National Inpatient Sample database. 

2.2.4. Sex differences in acute coronary syndrome 

 There are important sex-related differences in the characteristics of acute coronary 

syndrome. It has been shown that acute coronary syndrome occurs from 7 to 10 years earlier in 

men compared to women. This could be mostly explained by biologic differences, including 

the protective properties of premenopausal hormonal patterns. However, other factors have a 

complementary role such as the genetic expression, occupation, or environmental exposure. 
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Aside from aforementioned differences, additional observations have emerged 

suggesting higher prevalence of atypical clinical symptoms and higher proportion of 

underdiagnoses in female population with acute coronary syndrome. Previous reports have also 

suggested that female patients with acute coronary syndrome receive less guideline-directed 

management, including the lower utilization of invasive management, which could be 

associated with worse outcomes (40-44). 

Therefore, literature was lacking additional data to determine whether there are sex-

related disparities in the real-world population. While there were numerous studies 

investigating the sex-related differences in acute coronary syndrome, it was difficult to draw 

strong conclusions because of existing limitations such as specific or highly selected cohorts, 

underpowered analyses, or specific geographic regions. Furthermore, multiple studies focused 

only on the subset of acute coronary syndrome patients such as those with STEMI or NSTE-

ACS (45). There were no similar studies based on the National Inpatient Sample database. 

2.3. Relevance to the literature 

Real-world data from validated registries and clinical databases are warranted to provide 

true insights into the management and outcomes of population with acute coronary syndrome, 

regardless of their differences in understudied characteristics. This is important to understand 

deficiencies in real-world clinical practice and provide data network for global quality 

improvement programs. 
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3. AIMS OF THE CONSOLIDATED RESEARCH STUDIES 

 

Primary aims of the research studies were: 

1. To determine whether there are differences in invasive management and clinical 

outcomes of patients with acute coronary syndrome based on their socioeconomic 

status. 

2. To determine whether there are differences in invasive management and clinical 

outcomes of patients with acute coronary syndrome based on their diagnostic coding 

priority. 

3. To determine whether there are differences in invasive management and clinical 

outcomes of patients with acute coronary syndrome based on their trial recruitment 

status. 

4. To determine whether there are differences in invasive management and clinical 

outcomes of patients with acute coronary syndrome based on their sex. 

 

Secondary aims of the research studies were: 

1. To determine whether there are differences in characteristics of patients with acute 

coronary syndrome based on their socioeconomic status, diagnostic coding priority, trial 

recruitment status, and sex. 

2. To determine whether there are differences in comorbidities of patients with acute 

coronary syndrome based on their socioeconomic status, diagnostic coding priority, trial 

recruitment status, and sex. 

3. To determine whether there are differences in total hospitalization charges and length 

of stay of patients with acute coronary syndrome based on their socioeconomic status, 

diagnostic coding priority, trial recruitment status, and sex. 
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4. HYPOTHESES OF THE CONSOLIDATED RESEARCH STUDIES 

 

Hypotheses of the research studies were: 

1. Patients with acute coronary syndrome that have lower household income will receive 

less invasive management and have worse clinical outcomes compared to their 

counterparts. 

2. Patients with acute coronary syndrome that were coded as secondary diagnosis will 

receive less invasive management and have worse clinical outcomes compared to their 

counterparts. 

3. Patients with acute coronary syndrome that are not enrolled in clinical trials will receive 

less invasive management and have worse clinical outcomes compared to their 

counterparts. 

4. Female patients with acute coronary syndrome will receive less invasive management 

and have worse clinical outcomes compared to their counterparts. 
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5. MATERIALS AND METHODS 

5.1. Study design 

The research studies represent original research articles with an observational 

retrospective design. Randomization of the subjects was not performed. The researchers 

independently determined the structure and methodology of the research before the actual data 

collection and analysis. The research used primary data sources – data from the electronic 

registry National Inpatient Sample that were independently collected, extracted, and prepared 

for the analysis (46). 

The literature search was conducted in accordance with the standard principles of 

scientific literature search. For the published research studies, we have searched multiple 

literature databases (MedLine; EMBASE; Cochrane Library) up to December 2021 without 

setting a limit on the type of research or the language in which the research was published. The 

literature search was undertaken using the keywords (acute coronary syndrome; socioeconomic 

status; diagnostic coding priority; trial recruitment; sex differences), their appropriate MeSH 

equivalents and their combinations (with the logical operator AND: „acute coronary syndrome“ 

AND „socioeconomic status“; „acute coronary syndrome“ AND „diagnostic coding priority“; 

„acute coronary syndrome“ AND „trial recruitment“; „acute coronary syndrome“ AND „sex 

differences“), while the search area was focused on the entire research text. Using the algorithm, 

we found a total of 576 scientific papers. During further screening, an additional 312 scientific 

papers were excluded due to insufficient matching of the topic, and an additional 130 scientific 

papers were excluded after a critical reading of the summaries of the remaining scientific papers 

(insufficient matching of the topic, methodological differences, differences in the target 

population). Finally, a total of 134 research articles relevant to the published research studies 

were included, and eventually were cited. 

The studies and analyses were organized according to the recommendations of the 

Agency for Healthcare Research and Quality and the Healthcare Cost and Utilization Project 

(46). After the secure download of the datasets, further proceedings were done including the 

code preparation, data extraction, and cohort selection. The missing cases in relevant variables 

were excluded, in line with the other exclusion criteria. Detailed list of comorbidities and 

outcomes was then defined using the appropriate codes, followed by the remaining analyses, 

tabular and graphical presentations, and manuscript preparation. All the analyses and study 
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procedures were undertaken under the supervision of mentor Professor Mamas A. Mamas, 

while the further manuscript refinement followed collaborators’ suggestions. 

5.2. Study population 

The research studies encompassed a population of patients with acute coronary 

syndrome that was derived from the National Inpatient Sample over the period from January 

2004 to December 2018, depending on the sub-study. The diagnosis of acute coronary 

syndrome was confirmed using the discharge codes of the International Classification of 

Diseases. Exclusion criteria were age <18 years, missing cases in the relevant variables, and 

elective admissions (Figure 5). 

 
Figure 5. Flow diagram of the research studies 



18 
 

5.3. Database 

The National Inpatient Sample was developed by the Agency for Healthcare Research 

and Quality, under the Healthcare Cost and Utilization Project. It is the largest all-payer 

longitudinal database of hospital inpatient discharges in the US containing anonymized 

discharge-level data from >7 million hospitalizations annually. It represents a 20% stratified 

sample of the community hospitals in United States, excluding rehabilitation and long-term 

acute care hospitals, and provides sampling weights to calculate national estimates representing 

more than 95% of the hospitalized population in United States (46). 

5.4. Ethical principles 

The research studies from the National Inpatient Sample database are exempt from 

institutional review board or ethics committee because all data are publicly available, de-

identified and anonymised, and approved by the Agency for Healthcare Research and Quality 

for research purposes. The applicant/analyst undertook the data user training and gained the 

certificate prior to the study initiation as requested by the Agency for Healthcare Research and 

Quality (https://www.hcup-us.ahrq.gov/tech_assist/dua.jsp). This training emphasizes the 

importance of data protection, reduces the risk of inadvertent violations, and describes the 

individual responsibility when using the data from the Healthcare Cost and Utilization Project. 

5.5. Outcomes of the research studies 

Primary outcomes of the research studies were: 

1. Invasive management in the form of coronary angiography and percutaneous coronary 

intervention. 

2. In-hospital clinical outcomes in the form of all-cause mortality, major adverse 

cardiovascular and cerebrovascular events (composite of all-cause mortality, acute 

ischemic stroke, and cardiac complications [hemopericardium, cardiac tamponade, 

coronary dissection and any pericardiocentesis procedure]), acute ischemic stroke, and 

major bleeding. 

Secondary outcomes of the research studies were: 

1. Comparison of patient characteristics. 

2. Comparison of patient comorbidities. 

3. Comparison of healthcare utilization (hospitalization charges, length of stay). 
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5.6. Statistical analysis 

The Statistical Package for the Social Sciences (SPSS) (IBM Corp, Armonk, New York; 

version 25) and Stata MultiProcessor (StataCorp, College Station, Texas, United States; 

version 17.0) were used for statistical analysis. Different statistical graphs were created using 

the corresponding statistical software, while the other graphical illustrations were prepared 

using the Gravit Designer PRO (Gravit GmbH, Berlin, Germany; version 2022.i1.1). 

Data were summarized using medians (interquartile range) for continuous non-

parametric data and as counts (percentages) for categorical data. Quantitative data were 

analysed with Mann–Whitney U tests, and categorical data with Chi-squared tests. 

The research studies utilized complex adjustment models to account for the different 

confounding variables. One method used binomial multivariable logistic regression analysis to 

estimate the adjusted odds ratios (aOR) and 95% confidence interval (95% CI) of the outcomes 

across the studied groups. Multivariable models were adjusted for different hospital- and 

patient-level variables that are relevant to the outcomes. Other method utilized propensity-score 

matching (PSM) with the teffects psmatch command in Stata (logistic treatment model), which 

estimates the average treatment effects (ATEs) by taking the average of the difference between 

the observed and potential outcomes for each subject. Percentage changes (Δ%) were derived 

from ATEs, by multiplying ATEs with 100, to assist with interpretation of data. A detailed lists 

of variables used in the multivariable models and propensity matching are available in the 

research studies. Finally, trend analysis with a Mantel-Haenszel extension of the chi-square test 

of trend (linear-by-linear association) used to establish trends of invasive management over the 

study period. 

All analyses were conducted with appropriate sampling weights provided by the Agency 

for Healthcare Research and Quality for each individual discharge. Statistical significance was 

defined at a level of p<0.05. All the research studies were reported according to the 

STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) guidelines 

(47). 
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6. SCIENTIFIC CONTRIBUTION OF THE CONSOLIDATED RESEARCH 

STUDIES 

 This doctoral dissertation is based on the published research studies about the 

contemporary management and outcomes of patients with acute coronary syndrome, based on 

their socioeconomic status, diagnostic coding priority, trial recruitment and sex (48-51). The 

management and prognosis of patients with acute coronary syndrome has substantially 

improved in the last decades, but whether this applies to all patient subgroups and whether there 

are discrepancies by socioeconomic factors, diagnostic coding priority, trial recruitment and 

sex, was not well defined. With the growing needs of this population, abovementioned novel 

challenges represent a particularly important consideration in their management and care.  

The present doctoral thesis includes a big data analysis of ~11 million discharge records 

with the diagnosis of acute coronary syndrome, making it by far the largest to examine the 

management strategies and in-hospital clinical outcomes according to socioeconomic status, 

diagnostic coding priorities, trial recruitment status and sex. The provided data expand over a 

substantial 12-year period allowing for insights into the trends and temporal changes. This 

doctoral dissertation is supported by its reliance on the sufficiently powered registry data, that 

provide an excellent insight in the real-world contemporary state. It is strengthened by detailed 

literature review and international collaboration with experts in the field. The results show a 

substantial discrepancy in the management and clinical outcomes of acute coronary syndrome 

patients, warranting further incentives to equalize the quality of care and prognosis across the 

wide spectrum of this patient population. 

To the best of our knowledge, existing literature was lacking an adequate, contemporary, 

and powered data on this topic, magnifying the gaps in evidence and preventing the clinicians 

to implement measures for disparity reduction in this high-risk population. Therefore, the 

scientific novelty of this work is clear, while the scientific and clinical contributions of the 

published studies within this doctoral dissertation are numerous. Powered analyses from large 

national registries provide real-world data that could guide healthcare reforms to equalize the 

patient care and diminish disparities. This could contribute to more equitable outcomes in 

patients with acute coronary syndrome irrespective of the population differences in monthly 

income, discharge coding, trial recruitment or sex. Increased awareness for specific patient 

groups could reduce the physicians’ bias and improve the patient care. Furthermore, different 

initiatives and continued public health measures could aid screening and prevention, leading to 

improved outcomes in these patient groups. The findings from this doctoral dissertation also 
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promote different healthcare measures leading to sustainable development and improved 

quality of care. Additionally, future studies are encouraged in the studies from this doctoral 

dissertation outlining its hypothesis-generating purposes. 
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7. APPLICABILITY OF RESEARCH DATA TO THE REPUBLIC OF CROATIA 

The generalizability of the present research findings is particularly important (48-51). 

However, the complexity of subject matter necessitates a thorough understanding of its multi-

dimensional aspects prior to any wider application. Different determinants should be considered 

when translating these results to the cardiovascular field in the Republic of Croatia. 

7.1. Population differences 

It is important to consider the population differences and trends between the Republic 

of Croatia and United States of America. The data presented mostly reflect a year 2018 with 

the aim of easier comparison and its relevance to the research period. Overall, there are potential 

differences between the populations which could include a different risk profile, comorbidity 

burden, environmental factors, dietary factors, and others. 

According to the data of the Croatian Bureau of Statistics, the average age of the 

Croatian population was 43.4 years (41.5 and 45.0 years in men and women, respectively) with 

the life expectancy of 78.2 years (74.9 and 81.4 years in men and women, respectively). There 

was a slightly higher proportion of women in the overall population (51.7%) (52). According 

to the data of the Croatian health statistics yearbook for 2018, cardiovascular diseases were the 

leading cause of mortality in the Republic of Croatia (mortality rate of 563.8/100,000) and 

leading cause of hospital admissions. The Croatian population shows a trend of progressive 

ageing with 20.4% of inhabitants being older than 65 years (53). The population of United 

States of America exhibited average age of 38.2 years, with the life expectancy of 78.6 years 

(54). Therefore, the Croatian population follows the global trends of increased ageing, which is 

more pronounced than in the United States, with the maintenance of cardiovascular diseases as 

the leading cause of mortality. 

The abovementioned data are population estimate of the Republic of Croatia by the of 

the Croatian Bureau of Statistics: Census of Population, Households and Dwellings, birth 

statistics, death statistics, statistics of the internal migration of population, statistics of the 

international migration of population. The reported population estimates were based on the 

2011 Census, natural change and net migration data (52). The Croatian health statistics 

yearbook is based on the data representative of the comprehensive national health system (53). 

When looking at the comorbidities and risk factors, it is evident that the prevalence of 

obesity (22.6% vs. 41.9%, respectively), diabetes mellitus (6.1.% vs. 11.3%) and arterial 
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hypertension (37.5% vs. 47.0%) is lower in the population of Republic of Croatia compared to 

United States (53, 55-58). However, the adherence to dietary and lifestyle measures have been 

increasingly deteriorated in the Republic of Croatia, irrespectively of its Mediterranean 

position, which could diminish the comorbidity differences in the future (59). Therefore, 

Croatia represents a country with high cardiovascular risk in the recent European prevention 

guidelines, which is contrary to most other Mediterranean countries (60). 

Although it is out of the scope of this dissertation, these condensed highlights indicate 

that there are potential population differences which should be accounted for. Nevertheless, the 

present doctoral dissertation and published research studies reported results that are adjusted 

for age, comorbidities, and other important confounders, thereby allowing for impact reduction 

and increase of data applicability. 

7.2. Specificities of healthcare system 

There are important bidirectional differences in the healthcare system between the 

Republic of Croatia and United States. First, healthcare in the Republic of Croatia represents a 

universal healthcare system which is contrary to the non-universal healthcare system in United 

States. This indicates a potentially substantial differences in the access to healthcare between 

the countries. Second, there is distinction in the economic power of the countries which is 

closely related to the healthcare development. For example, macroeconomic determinants 

depict a much lower gross domestic product per capita (12,704 Euros vs. 57.379 Euros) in the 

Republic of Croatia compared to United States (52). Third, healthcare system in United States 

utilizes a substantial expenditure which aggravates direct comparison to the Republic of 

Croatia. Specifically, the total health expenditure as a share of gross domestic product in 2020 

was 7.8% in the Republic of Croatia, which is hardly comparable to United States (19.7% of 

gross domestic product) (52). Finally, the organization of the healthcare providers and resources 

is important to achieve wide accessibility. The healthcare system in the Republic of Croatia 

showed a better availability with 272 inhabitants per one medical doctor, which is superior to 

the United States (385 inhabitants per one medical doctor) (52, 61). Importantly, the infant 

mortality as a relevant indicator of quality of healthcare was similar in the Republic of Croatia 

and United States (4.2 vs. 5.7/1,000 live births, respectively) (52). 
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7.3. Organization of interventional network for the management of acute coronary 

syndrome 

The access to healthcare is also reflected by the availability of centres for primary 

percutaneous coronary interventions. The Republic of Croatia has well-developed national 

network of the centres that contribute to the management of patients with acute coronary 

syndrome providing a non-stop access (62) (Figure 6). 

 

Figure 6. National network of primary percutaneous coronary intervention in the Republic of 

Croatia (original author’s work) 

 Due to geographical specificities, it is hard to directly compare the access to primary 

percutaneous coronary interventions centres between these countries. For example, the 

Republic of Croatia contains multiple islands which is highly demanding for the healthcare 
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organization (62). Access to primary percutaneous coronary interventions centres is therefore 

dependent on the location and meteorologic conditions (availability of helicopter service), 

despite the staff organization and resource coverage. Similarly, the United States includes the 

different rural areas which exhibit worse access to primary percutaneous coronary interventions 

centres, and this was associated with impaired outcomes (63, 64). 

7.4. Social deprivation and socioeconomic status 

As elaborated previously, there are important differences in the economic power of the 

Republic of Croatia and United States. This is related to the healthcare system, but also to the 

economic status of the inhabitants. An average monthly net earnings per person in 2018 were 

828 Euros (883 and 768 Euros in men and women, respectively) in the Republic of Croatia (52) 

which is substantially lower than in the United States. Although this does not provide direct 

insights into the social deprivation, it could be an indirect measure of the access to healthcare 

system. 

When analysing the indicators of poverty and social exclusion in Republic of Croatia, 

there were 24.8% of people at risk of poverty or social exclusion, 8.6% of people severely 

materially deprived (lacking 4 or more necessary items), and 11.2% of people living in 

households with very low work intensity. Importantly, there were 7.7% of households with 

inability to keep home adequately warm during the coldest months. Overall Gini coefficient 

was 29.7 and income quintile share ratio was 5.0 (52). Although these facts are worrisome for 

the Republic of Croatia, the Gini index for the United States was 41.1 that even indicates a 

higher discrepancies in the socioeconomic status within the population (65). Therefore, it is 

possible that the observed differences across the income groups could be less obvious in 

populations with lower baseline variation in the socioeconomic status. Nevertheless, the 

direction of the association between the socioeconomic class and outcomes could be translated 

into various populations, despite potentially having different expression and effect size.  

7.9. Final thoughts 

Detailed understanding of multi-dimensional aspects of this complex topic is vital to 

ensure an adequate translation of this research data to cardiovascular field in other healthcare 

systems. In the context of the Republic of Croatia, the present big data analyses offer a 

potentially valuable contribution that could guide further focused interventions to improve the 

quality of care and outcomes of regional population with acute coronary syndrome. 
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8. LIMITATIONS 

There are several limitations of this research project. The limitations could be 

categorized according to the underlying mechanisms, into database-related, study design-

related and healthcare system-related limitations. 

First, the research studies were prone to inherent limitations of the National Inpatient 

Sample database, including the potential for coding inaccuracies (mis-coding or under-coding), 

uncertain timing of events, and incomplete data granularity (clinical factors, coronary anatomy, 

procedure timing, medications, laboratory parameters, etc.). Furthermore, it is a hospitalization-

based registry which does not recognize recurrent hospitalizations and captures only in-hospital 

events. There is no reported data on the specific cause of mortality, but rather all-cause 

mortality. The analysis does not account for multiple dimensions of socioeconomic 

determinants (education level, employment status, etc.). 

Second, several limitations are justified by the study design. This includes a potential 

for selection bias. Also, it was not possible to fully eliminate a residual confounding bias, 

although this research project utilized complex adjustment analytical methods. Additionally, 

some findings in the research project could be influenced by an observation bias (‘Hawthorne 

effect’). Lastly, there was no formal adjudication of captured events. 

Finally, the specificity of healthcare system in United States could affect applicability 

and generalizability of these findings to other systems that provide ‘universal healthcare’ 

model. 
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9. MAIN CONCLUSIONS 

This doctoral dissertation and consolidated research studies derived several essential 

conclusions. 

First, there was an important disparity in the management and outcomes of patients with 

acute coronary syndrome based on their socioeconomic status, so that patients with low 

socioeconomic status received less invasive management and had worse in-hospital prognosis, 

including higher mortality, major adverse cardiovascular and cerebrovascular events, and 

ischemic stroke. Importantly, these findings were consistent even after the adjustment for the 

worse risk profile of patients with lower socioeconomic status. 

Second, a substantial disparity was shown regarding the diagnostic coding priority of 

acute coronary syndrome, so that patients with secondary-coded acute coronary syndrome were 

less likely to receive invasive management and more likely to experience in-hospital adverse 

events. This is important as about one-third of all hospitalizations for acute coronary syndrome 

are not coded as a principal diagnosis. 

Third, the management and outcomes of patients with acute coronary syndrome 

significantly differed according to their trial recruitment status, with a higher utilization of 

invasive management and better in-hospital outcomes in patients who were enrolled in a clinical 

trial. 

Fourth, there were persistent sex-based differences in the management and outcomes of 

patients with acute coronary syndrome. Female patients were less likely to receive invasive 

therapies and more likely to experience adverse outcomes including mortality, major bleeding, 

and stroke. Importantly, this gap has narrowed over the study period. 

These findings underscore the importance of a continued multilevel, collaborative 

approach with improved access to healthcare, particularly in low socioeconomic areas and 

special population. There should be an increased awareness for observed sex-based disparities, 

to eliminate any discrimination as soon as possible. Hospital systems should be alarmed to 

properly code all admission for acute coronary syndrome, while future data analyses should 

consider the diagnosis of acute coronary syndrome from all diagnostic fields, to accurately 

inform clinical decision-making and health planning. Finally, it is important to consider 

population differences during trial planning and recruitment, with the aim of wider inclusion 

criteria, adequate representation of understudied patient groups, reduction of bias by 
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implementing machine-based learning models, modifications of study designs (encouragement 

of pragmatic clinical trials) and improved data reporting. Nevertheless, the extrapolation of 

these findings to other healthcare systems should be done with caution. 
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10. TRANSCRIPTS OF THE PUBLISHED RESEARCH STUDIES 

 

This doctoral dissertation is based on the 4 published research studies (48-51): 

1. Matetic A, Bharadwaj A, Mohamed MO, Chugh Y, Chugh S, Minissian M, Amin A, 

Van Spall H, Fischman DL, Savage M, Volgman AS, Mamas MA. Socioeconomic 

Status and Differences in the Management and Outcomes of 6.6 Million US Patients 

With Acute Myocardial Infarction. Am J Cardiol. 2020;129:10-18. doi: 

10.1016/j.amjcard.2020.05.025. 

2. Matetic A, Doolub G, Van Spall HGC, Alkhouli M, Quan H, Butalia S, Myint PK, 

Bagur R, Pana TA, Mohamed MO, Mamas MA. Distribution, management and 

outcomes of AMI according to principal diagnosis priority during inpatient admission. 

Int J Clin Pract. 2021;75(10):e14554. doi: 10.1111/ijcp.14554. 

3. Matetic A, Mohamed MO, Roberts DJ, Rana JS, Alraies MC, Patel B, Sauer AJ, Diaz-

Arocutipa C, Sattar Y, Van Spall HGC, Mamas MA. Real-world management and 

outcomes of 7 million patients with acute coronary syndrome according to clinical 

research trial enrollment status: A propensity matched analysis. Eur Heart J Qual Care 

Clin Outcomes. 2021:qcab098. doi: 10.1093/ehjqcco/qcab098. 

4. Matetic A, Shamkhani W, Rashid M, Santos Volgman A, Van Spall HGC, Coutinho T, 

Mehta SL, Sharma G, Parwani P, Mohamed MO, Mamas MA. Trends of sex differences 

in clinical outcomes after myocardial infarction in the United States. CJC Open. 

2021;3(12 Suppl):S19-S27. doi: 10.1016/j.cjco.2021.06.012. 
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11.1. Research study 1 
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11.2. Research study 2  
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11.3. Research study 3 
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11. ABSTRACT (ENGLISH LANGUAGE) 

 

Doctoral dissertation title: REAL WORLD MANAGEMENT AND OUTCOMES IN 

ACUTE CORONARY SYNDROME: ANALYSIS OF A LARGE US COHORT. 

Main objectives: The main aim of this doctoral dissertation and consolidated research studies 

was to compare the management and outcomes of patients with acute coronary syndrome based 

on their socioeconomic status, diagnostic coding priority, trial recruitment status and sex. 

Materials and methods: Using the complex adjustment models, analysis of the largest national 

registry National Inpatient Sample was performed from January 2004 to December 2018, 

depending on the sub-study. The analysis included ~11 million discharge records of patients 

with acute coronary syndrome. 

Main findings and scientific contribution: There were several main findings. First, patients 

with low socioeconomic status received less invasive management and had worse in-hospital 

prognosis. Second, patients with secondary-coded acute coronary syndrome were less likely to 

receive invasive management and more likely to experience in-hospital adverse events. Third, 

a higher utilization of invasive management and better in-hospital outcomes was observed in 

patients who were enrolled in a clinical trial. Fourth, female patients were less likely to receive 

invasive therapies and more likely to experience adverse outcomes. The scientific contribution 

of this doctoral dissertation and consolidated research studies is unequivocable. It represents a 

big data analysis of sufficiently powered registry with an excellent insight in the real-world 

contemporary state and detailed literature review. It is a result of an international collaboration 

with experts in the field of cardiovascular medicine. This research project warrants further 

incentives to equalize the quality of care and prognosis across the wide spectrum of acute 

coronary syndrome patients. 

Conclusions: The management and outcomes of patients with acute coronary syndrome is 

subjected to disparity based on socioeconomic status, diagnostic coding priority, trial 

recruitment status and sex. Future initiatives are encouraged to eliminate the disparity gap in 

this vulnerable population. 
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12. SAŽETAK (HRVATSKI JEZIK) 

 

Glavni ciljevi: Glavni cilj ove doktorske disertacije i objedinjenih znanstvenih istraživanja bio 

je usporediti liječenje i ishode bolesnika s akutnim koronarnim sindromom na temelju njihova 

socioekonomskog statusa, prioriteta dijagnostičkog kodiranja, uključenja u kliničko ispitivanje 

i spola. 

Materijali i metode: Koristeći kompleksne statističke modele prilagodbe, učinjena je analiza 

najvećeg nacionalnog registra “National Inpatient Sample” iz Sjedinjenih Američkih Država 

za razdoblje od siječnja 2004. do prosinca 2018. godine, ovisno o pojedinom znanstvenom 

istraživanju. Analiza je uključila ~11 milijuna otpusnih zapisa o pacijentima s akutnim 

koronarnim sindromom. 

Glavni nalazi i znanstveni doprinos: Utvrđeno je nekoliko glavnih nalaza. Prvo, pacijenti s 

niskim socioekonomskim statusom su bili rjeđe podvrgnuti invazivnom liječenju i imali su 

lošiju unutarbolničku prognozu. Drugo, pacijenti sa sekundarno kodiranom dijagnozom 

akutnog koronarnog sindroma su rjeđe dobili invazivno liječenje uz lošije unutarbolničke 

ishode. Treće, utvrđena je veća primjena invazivnog liječenja, kao i bolji ishodi, u pacijenata 

koji su bili uključeni u kliničko ispitivanje. Četvrto, pacijentice su rjeđe dobile invazivno 

liječenje uz veći rizik za neželjene unutarbolničke ishode. Znanstveni doprinos ove doktorske 

disertacije i objedinjenih znanstvenih istraživanja jest značajan, a uključuje analizu velikog 

registra s izvrsnim uvidom u suvremeno stanje u stvarnom svijetu i detaljnim pregledom 

literature. Navedeni projekt je plod međunarodne suradnje sa stručnjacima iz područja 

kardiovaskularne medicine. Ovaj istraživački projekt potiče ujednačenje kvalitete skrbi, 

liječenja i prognoze u širokom spektru bolesnika s akutnim koronarnim sindromom. 

Zaključci: Liječenje i ishodi pacijenata s akutnim koronarnim sindromom podložni su 

razlikama na temelju socioekonomskog statusa, prioriteta dijagnostičkog kodiranja, uključenja 

u kliničko ispitivanje i spola. Potrebne su daljnje inicijative za smanjenjem različitosti u ovoj 

ranjivoj populaciji. 
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