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Abstract

Introduction: Distribution of cardiovascular risk factors can change depending on lifestyle changes.
Aim of the research: To analyze changes in the prevalence of risk factors over a 10-year period.
Material and methods: The study included 1,993,262 patients with ischemic heart disease, including 1,035,562 with acute 
coronary syndrome (ACS) and 959,328 with chronic coronary syndrome (CCS).
Results: In both groups, there was an increase in male patients undergoing procedures and patients with prior percutaneous 
coronary intervention (PCI), decrease in the prevalence of diabetes, prior stroke, and prior coronary artery bypass grafting 
(CABG). In the CCS group, there was an increase in prevalence of previous myocardial infarction (MI), kidney disease, and 
chronic obstructive pulmonary disease (COPD). In the ACS group, there was an increase in active smokers, patients with 
prior PCI, and those with COPD. Compared to men, women undergoing these procedures had a higher prevalence of hyper-
tension, diabetes, and kidney disease, but were less likely to be active smokers or had prior stroke, MI, PCI, CABG, psoriasis, 
or COPD. With advancing age, the prevalence of hypertension, diabetes, kidney disease, COPD, and prior stroke, myocardial 
infarction, PCI, and CABG increased, while the frequency of active smoking, psoriasis, the proportion of male patients, and 
body weight decreased. 
Conclusions: Over the past decade the prevalence of risk factors changed significantly. Frequency of previous PCI increased 
and frequency of previous CABG decreased. Among those undergoing PCI, women more frequently suffered from hyper-
tension and diabetes than men. As age increases, diseases and previous procedures that are risk factors for atherosclerosis 
accumulated.

Introduction

Despite advances in cardiovascular research, clas-
sical risk factors for cardiovascular diseases still play 
a crucial role in risk stratification in the European So-
ciety of  Cardiology (ESC) guidelines [1]. Numerous 
observational, epidemiological, and genetic studies 
have confirmed that elevated systemic blood pressure 
is a major cause of cardiovascular diseases and heart 
failure. It contributes to 9.4 million deaths annually 
worldwide and significantly increases disability [2]. 
Many studies have also shown that high blood pres-
sure is a  significant risk factor for the  development 
of ischemic heart disease, heart failure, cerebrovascu-
lar disease, peripheral artery disease, chronic kidney 
disease, and atrial fibrillation. There is a  clear linear 
increase in mortality risk with elevated blood pres-
sure values, starting from 90 mm Hg systolic and  

75 mm Hg diastolic [3, 4]. The second significant risk 
factor for cardiovascular diseases is diabetes [5–7]. Both 
diabetes alone and diabetes coexisting with obesity 
are associated with insulin resistance, higher glycated 
hemoglobin levels, and an increased cardiometabolic 
risk as well as atherosclerosis [8–14]. Numerous studies 
emphasize the significant impact of hypertension and 
dyslipidemia occurring together, which substantially 
increase cardiovascular risk [15]. Another very impor-
tant risk factor for cardiovascular diseases is chronic 
kidney disease. Cardiovascular diseases are predomi-
nant among patients with chronic kidney failure, be-
ing the leading cause of morbidity and mortality [16]. 
The risk of death significantly increases in patients with 
coexisting kidney diseases, even when other risk factors 
such as diabetes and hypertension are effectively man-
aged [17]. Kidney failure and chronic kidney disease 
significantly increase the risk of cardiovascular diseases 
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and modify their symptoms [18]. Patients with moder-
ate to mild COPD have an 8–10 times higher likelihood 
of dying from cardiovascular diseases than from respi-
ratory failure. They also have a significantly higher rate 
of  hospitalizations and deaths due to cardiovascular 
conditions, including stroke and heart failure [19, 20].

Aim of this research 

The  aim of  this study is to analyze changes in 
the prevalence of classical risk factors over a 10-year 
period and to compare the distribution of  these fac-
tors by sex and age decades based on data from 
the  National Registry of  Invasive Cardiology Proce-
dures (ORPKI). 

Material and methods

ORPKI was launched in 2004 by the Association 
of Cardiovascular Interventions of the Polish Society 
of Cardiology. ORPKI is a national percutaneous coro-
nary intervention (PCI) registry to which all patients 
in PCI hospitals are enrolled. Currently, the registry 
is coordinated by the  Jagiellonian University Medi-
cal College in Cracow. The data used in the statistical 
analysis for the presented study was accessed on July 
20th, 2024. All consecutive patients who underwent 
coronary angiography or coronary angiography with 
possible PCI at 188 interventional cardiology centers 
in Poland between 2014 and 2023 were included in 
the  retrospective analysis. Patients with incomplete 
data on baseline characteristics were excluded. No 
methods were used to impute missing data. Signed 
informed consent for PCI hospitalization contains 
consent for data transfer to ORPKI registry. Since this 
is a  mandatory and central national registry, ethics 
committee approval was waived. The study complied 
with the ethical principles of clinical research based 
on the Declaration of Helsinki, as amended. The au-
thors had access to information that could identify 
individual participants during or after data collection, 
and this information is used only for long-term ob-
servation, which does not apply to the current study. 
No external funding was used to support this registry.

Statistical analysis

Continuous variables were summarized using 
median with the first and the third quartile whereas 
nominal variables were summarized as counts and per-
centages. Comparison of continuous variables across 
groups was performed using Mann-Whitney U  test  
(2 groups) or Kruskal-Wallis test (> 2 groups). Nominal 
variables were compared using Pearson c2 test or test 
for trend in proportions for year and age groups (due 
to ordinal scale of measurement). Trends in age and 
weight were analyzed using linear regression. Analyses 
were performed in R version 4.4.1 (R Foundation for 
Statistical Computing, Vienna, Austria, 2024).

Results
The  study included 1,993,262 patients with isch-

emic heart disease, including 1,035,562 with acute 
coronary syndrome (ACS) and 959,328 with chronic 
coronary syndrome (CCS). In the CCS group, there was 
a significant increase in patient age (from 65 (59–73) 
to 69 (63–75)), body weight (from 80 (70–90) to 80 
(72–90)), and the male gender percentages (from 61% 
to 65%). The proportion of active smokers decreased 
(from 16% to 12%), as so did the incidence of diabe-
tes (from 23% to 20%), history of  stroke (from 2.9% 
to 2.5%), and prior coronary artery bypass grafting 
(CABG) (from 5.8% to 4.4%). There was an increase in 
patients with previous PCI (from 27% to 35%), myo-
cardial infarction (MI) (from 23% to 27%), kidney 
disease (from 4.9% to 6.8%), and chronic obstructive 
pulmonary disease (COPD) (from 0.1% to 3.7%). All 
these changes showed a significant trend (p < 0.001), 
except for arterial hypertension, which remained be-
tween 69% and 71%; although the differences were sta-
tistically significant, no trend was observed (Table 1). 
In the ACS group, there was a significant increase in 
patient age (from 66 (59–75) to 68 (61–75)), body weight 
(from 80 (70–90) to 80 (70–90)), and the male gender 
percentages undergoing procedures also increased 
(from 63% to 65%). There was a decrease in the preva-
lence of diabetes (from 24% to 20%), arterial hyperten-
sion (from 72% to 65%), history of stroke (from 3.4% 
to 2.4%), prior MI (from 26% to 23%), prior CABG 
(from 6.0% to 4.2%), and kidney disease (from 5.8% 
to 4.6%). There was an increase in the proportion of ac-
tive smokers (from 18% to 19%), patients with previous 
PCI (from 27% to 30%), and those with COPD (from 
0.1% to 3.3%). All these changes followed a significant 
trend, except for psoriasis, which showed significant 
fluctuations over the years but no clear trend. The in-
cidence of each type of ACS has varied significantly 
over the decade (Table 2). Selected key risk factors for 
CCS and ACS are shown in Figures 1 and 2. A com-
parison of risk factors by gender showed that women 
undergoing coronary angiography and/or PCI were 
older and had lower body weight than men. Women 
were more likely to have diabetes, hypertension, and 
kidney disease, while they were less likely to be active 
smokers or have psoriasis, COPD, a history of stroke, 
MI, PCI, or CABG (Table 3). An analysis of risk factor 
changes by age decades showed that patients under-
going coronary angiography and/or PCI in older age 
decades had lower body weight and were less likely to 
be male or active smokers. With increasing age, these 
patients were more likely to have diabetes, hyperten-
sion, kidney disease, COPD, and a history of  stroke, 
MI, PCI, and CABG (Table 4).

Discussion
Numerous studies indicate that classic risk fac-

tors remain critical in cardiovascular diseases. These 
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Table 3. Distribution of risk factors among patients by gender (aggregated 10-year data)

Variable Total, 
N = 1,983,636

Male, 
N = 1,260,347

Female, 
N = 723,289

P-value2

Age1 [years] 67 (60–74) 66 (59–73) 70 (63–77) < 0.001

Weight1 [kg] 80 (70–90) 84 (75–93) 73 (65–82) < 0.001

Diabetes, n (%) 430.844 (22) 258,811 (21) 172,033 (24) < 0.001

Previous stroke, n (%) 57.243 (2.9) 37,225 (3.0) 20,018 (2.8) < 0.001

Previous MI, n (%) 491.744 (25) 354,905 (28) 136,839 (19) < 0.001

Previous PCI, n (%) 601.144 (30) 425,792 (34) 175,352 (24) < 0.001

Previous CABG, n (%) 107.723 (5.4) 82,286 (6.5) 25,437 (3.5) < 0.001

Active smoking status, n (%) 336.002 (17) 252,940 (20) 83,062 (11) < 0.001

Psoriasis, n (%) 7.145 (0.4) 4,960 (0.4) 2,185 (0.3) < 0.001

Arterial hypertension, n (%) 1.378.813 (70) 859,338 (68) 519,475 (72) < 0.001

Kidney disease, n (%) 107,104 (5.4) 66,751 (5.3) 40,353 (5.6) < 0.001

COPD, n (%) 51,149 (2.6) 34,959 (2.8) 16,190 (2.2) < 0.001
1Median (IQR); 2Wilcoxon rank sum test; Pearson’s c2 test. CABG – coronary artery bypass grafting, COPD – chronic obstructive pulmonary 
disease, MI – myocardial infarction, PCI – percutaneous coronary intervention.

Figure 1. Trends for main atherosclerosis risk factors in the chronic coronary syndromes. *p-value for trend p < 0.001 for 
differences of all variables
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Figure 2. Trends for main atherosclerosis risk factors in the acute coronary syndromes. *p-value for trend p < 0.001 for 
differences of all variables
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include male gender, hypertension, smoking, hyper-
lipidemia, diabetes, and obesity, with no significant 
regional differences observed across Europe [21, 22]. 
The identification of these risk factors, along with in-
creased awareness of their elimination and advances 
in pharmacological treatments, has led to a significant 
reduction in cardiovascular mortality, reaching up to 
80% in some European countries [23, 24]. In addition 
to these well-known classic risk factors, non-classical 
factors such as stress and depression also play a cru-
cial role in the pathogenesis of cardiovascular diseases 
[25, 26]. Notably, Polish research suggests that stress 
significantly impacts population health from an early 
age [27]. The present study has demonstrated there has 
been an observed increase in the proportion of proce-
dures performed in male patients and in the incidence 
of previous PCI. However, the prevalence of diabetes, 
prior strokes, and CABG has decreased. Many recent 
studies have analyzed trends in classic cardiovascular 
risk factors, both globally and regionally, including in 
Poland [28, 29]. In Poland, research on the influence 
of  classic risk factors on cardiovascular diseases has 
been ongoing for many years, primarily through stud-
ies such as POL-MONICA, WOBASZ, and the NATPOL 
series [29]. Extensive research on the prevalence and 
control of  these risk factors has been led by Zdro-
jewski et al. The  NATPOL 11 study, which included 
2,401 respondents, provided valuable insights into 
the prevalence of risk factors like gender, age, hyper-
tension, and diabetes. The  prevalence of  classic risk 
factors, such as gender, age, hypertension, and diabe-
tes, was analyzed in stable patients in outpatient care 
[29]. Trzeciak et al., in a  study of 932 patients under 
40 years of age from the PL-ACS registry, found that 
women were less likely to smoke, had an older aver-
age age, and were less likely to experience ST-segment 
elevation myocardial infarction (STEMI) compared to 
men [30]. Similar results were obtained by Piątek et al., 
using the  PL-ACS database in a  study of  66,667 pa-
tients. They found that women were generally older 
than men and had more comorbidities, which con-
tributed to higher unadjusted mortality rates. How-
ever, long-term prognosis appeared more favorable 
for women [31]. In another analysis by Piątek et al. 
of  197,192 patients from the  PL-ACS registry (2005–
2014), the  average age of  women decreased slightly, 
while the  incidence of  diabetes, obesity, hyperten-
sion, and smoking increased. In over 1 million pa-
tients with ACS, women were more likely to have 
hypertension, diabetes, and kidney disease, but were 
less likely to be active smokers [32]. The present study 
confirms these findings. Studies from the  ORPKI 
registry highlight the  significant occurrence of  clas-
sic coronary risk factors in ACS patients. Dziewierz  
et al., in a study of 150,782 patients with STEMI, found 
that 17.5% (26,360 patients) had diabetes, a condition 
associated with higher risks, longer reperfusion de-
lays, and increased periprocedural mortality (1.1% vs. 

1.9%; p < 0.0001). Diabetes was identified as an inde-
pendent predictor of periprocedural death [33]. Addi-
tionally, Kringeland et al., in a  study of  12,329 par-
ticipants from the Hordaland Health Study, suggested 
that hypertension is a stronger risk factor for ACS in 
midlife in women than in men [34]. Kidney failure is 
another significant coronary risk factor. An estimated 
glomerular filtration rate below 60 ml/min/1.73 m² 
is considered the  strongest predictor of  unfavorable 
outcomes of  ACS in patients with renal failure [35]. 
Our observations show that with age, the prevalence 
of  hypertension, diabetes, and chronic kidney dis-
ease increases. Psoriasis, though a less recognized risk 
factor until recently, has also been linked to ACS. In 
the ORPKI study, Siudak et al. analyzed 405,078 ACS 
patients and identified psoriasis as an independent 
predictor of  allergic reactions in these patients [36]. 
Interesting research on coronary risk factors was pre-
sented by Rębak et al., who analyzed a  professional 
group of  paramedics (N = 140). Their health assess-
ments included blood pressure measurements, bio-
chemical analysis (fasting lipid profile, glycemia), 
anthropometric measurements, and a questionnaire. 
Cardiovascular risk factors were a  significant bur-
den in this group of  paramedics, showing unfavor-
able health profiles with abnormal body weight, el-
evated blood pressure, and an unhealthy lipid profile 
[37]. The  National Cardiovascular Disease Program 
planned in Poland for 2022–2032 multidirectionally 
addresses, the promotion of healthy lifestyles among 
children and adults, improving access to qualified 
medical staff and modern medical equipment, and in-
vesting in scientific research and innovative therapies 
in cardiology [38]. In parallel, there are nationwide 
anti-smoking campaigns, campaigns covering over-
weight and obesity prevention and promoting men-
tal health detailed in the  National Health Program 
[39]. Implemented prevention programs like the Car-
diovascular Disease (CVD) prevention program use 
laboratory tests, a questionnaire for assessing cardio-
vascular disease risk factors, and health education to 
reduce cardiovascular morbidity and mortality [40]. 
“Coordinated care” introduced in Poland 2022 en-
ables early detection of diseases such as hypertension, 
atrial fibrillation, diabetes, chronic kidney disease or 
heart failure, and their effective treatment and moni-
toring through cooperation between a family doctor 
and a specialist [41].	

Despite over 60 years of intense research into clas-
sic coronary risk factors, this area continues to gen-
erate controversies. New information regarding both 
classic and lesser-known risk factors, such as psoriasis 
and stress, continues to emerge.

Conclusions

Over the past decade, among patients with various 
forms of ischemic heart disease undergoing coronary 
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angiography and PCI, there has been an observed in-
crease in the proportion of procedures performed in 
male patients and in the  incidence of  previous PCI. 
Conversely, the prevalence of diabetes, prior strokes, 
and CABG has decreased. Compared to men, women 
undergoing these procedures had a higher prevalence 
of  hypertension, diabetes, and kidney disease, but 
were less likely to be active smokers or to have a histo-
ry of stroke, MI, PCI, CABG, psoriasis, or COPD. With 
advancing age, the  prevalence of  hypertension, dia-
betes, kidney disease, COPD, and prior stroke, myo-
cardial infarction, PCI, and CABG increased, while 
the  frequency of  active smoking, psoriasis, the  pro-
portion of male patients, and body weight decreased.
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