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Abstract

Introduction

Cardiovascular events are still the most common cause of death in the Czech Repub-
lic. The increasing prevalence of risk factors such as dyslipidaemia, hypertension,
obesity, and diabetes individually and collectively contribute to cardiovascular events.
The aim of this study was to determine their prevalence and interrelationships.

Method

The data for this epidemiological study were obtained from the Czech cross-sectional
study EHES 2019 (European Health Examination Survey) with stratified random
sampling. Firstly, individual risk factors (dyslipidaemia, hypertension, obesity, dia-
betes, and smoking) in population aged 25-64 years of age were monitored using
questionnaires and physical and laboratory measurements; additionally, the cumula-
tive effect of these risk factors in subjects was examined. Finally, cardiovascular risk
in the age group of 40—64 years (767 out of 1057 participants) was estimated using
the SCORE EU chart (for countries with high cardiovascular risk). Individual param-
eters were assessed according to standard criteria: dyslipidaemia =total cholesterol
>5.0 mmol/l, and/or HDL-C < 1.0 mmol/l in men, or <1.2 mmol/l in women, and/or
LDL-C 2 3.0 mmol/l and/or fasting TAG 2 1.7 mmol/l (or 22 mmol/l without fasting) and/
or medication with lipid-lowering drugs; obesity = BMI>30kg/m?; hypertension = sys-
tolic blood pressure = 140 mmHg, and/or diastolic blood pressure 290 mmHg, and/
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or antihypertensive treatment; diabetes mellitus=HbA1c =48 mmol/mol and/or on
treatment. Data were analysed by descriptive statistics.

Results

Of the total number of 1057 study participants (426 men and 631 women) aged
25-64 years, roughly 84% presented with 21 cardiovascular disease risk factor. The
most common risk factor was dyslipidaemia, which occurred in 71.7% of the subjects.
The prevalence of hypertension was 36.3% (men 46.0%, women 26.3%). 29.7% of
subjects were obese, diabetes mellitus occurred in 5.7% (men 7.6%, women 3.7%).
17.7% were regular smokers; another 6.6% reported occasional smoking. A combina-
tion of risk factors was common, e.g., 77.3% had dyslipidaemia and/or hypertension.
There were 16.1% of subjects without monitored cardiovascular risk factors. After
stratification of cardiovascular risk prediction according to SCORE chart, 49.7% of
individuals fall into low risk, 28.6% into medium risk, and up to 11.3% into high and
10.4% into very high risk.

Conclusion

The most common risk factor is lipid spectrum disorders (71.7%). Combination of risk
factors is common, which increases the risk of cardiovascular events in these individ-
uals. In the 40—64 age group, 21.7% of the population is at >5% risk of a fatal cardio-
vascular event over the next 10 years.

Introduction

Cardiovascular events are the leading cause of death worldwide [1,2], including the
Czech Republic [3]. These include ischaemic heart disease, heart failure or brain
stroke. Although cardiovascular mortality is slowly decreasing in the Czech Republic,
cardiovascular morbidity is high and increasing, with cardiovascular diseases (CVD)
affecting almost 3.5 million people [4]. A diagnosis of CVD is preceded by the preva-
lence of risk factors which are key targets for primary prevention.

Cardiovascular risk factors that have been well defined and studied include age,
hypertension, obesity, dyslipidaemia, diabetes mellitus and smoking, most of which
are preventable or manageable [5]. These risk factors are common although often
undetected or untreated late into the course of CVD, with cardiovascular events
sometimes being the first symptom. According to European Society of Cardiology the
Czech Republic belongs to a high-risk region based on age- and sex-standardized
CVD mortality rates [6]. The prevalence of CV risk factors in the Czech Republic was
estimated in the study EHES (European Health Examination Survey) 2014 and 2019,
in a working population aged 25-64 [7,8]. There has been a similar series of stud-
ies focusing on cardiovascular risk factors in the Czech Republic, the MONICA and
post-MONICA studies.
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SCORE is a risk-prediction model published in 2016 and widely used to estimate 10-year risk of fatal CVD in European
populations. Our aim was to analyse the prevalence and relationships of CV risk factors in the Czech population based
on the data obtained in EHES 2019 and stratify the studied population based on their estimated CVD risk according to
SCORE models. Given the level of cardiometabolic health of the Czech population, the high-risk SCORE model was used
[9,10].

Methods
Study subjects

Data from Czech EHES 2019 were used which captures a combination of self-assessed and clinically obtained data on
non-communicable diseases and its associated risk factors among the Czech middle-aged population.

Study subjects were recruited among the study population of the European Health Interview Survey (EHIS). The
methods of the EHIS are reported elsewhere [11], but in brief, the study comprises a cross-sectional survey conducted in
a representative sample of 7995 participants older than 15 years living in the Czech Republic in 2019. It consisted of four
modules: 1) health status (self-perceived health, chronic conditions, limitation in usual activities, disease-specific morbid-
ity, physical and sensory functional limitations, etc.), 2) health care use (hospitalisation, consultations, unmet needs, use
of medicines, preventive actions, etc.), 3) health determinants (height and weight, fruit and vegetable consumption, smok-
ing, alcohol consumption, etc.) and 4) socio-economic background variables (sex, age, education, labour status, etc.). The
data were collected via a professional interviewer-administered questionnaire. Of the 7995 participants, 4297 were aged
25—-64 years of which 1057 participants completed the EHES 2019 health examination assessment [10,11].

Measures

Information regarding sociodemographic characteristics (age, sex), lifestyle characteristics (e.g., smoking habits) were
collected using health questionnaires, and anamnestic data (personal medical history of diabetes mellitus, hypertension,
dyslipidaemia, current antidiabetic, antihypertensive, or lipid-lowering therapy) were collected using examination proto-
col. Blood pressure, blood cholesterol levels, level of HbA1c, TSH levels and presence of obesity were based on medical
examination. The blood samples were not exclusively collected in a fasting state since non-fasting is now considered a
standard approach in population-based screening studies.

During the health examination, the following measurements were made using standard procedures: weight, height,
waist circumference (low risk: <88cm in women and < 102cm in men), and systolic and diastolic blood pressure (SBP and
DBP respectively). Body mass index (BMI) was calculated, participants with BMI of 25-29.9kg/m? were categorized as
being overweight and those with BMI > 30 kg/m? were considered obese.

Hypertension was defined as systolic blood pressure (SBP) (mean of the second and the third measurements
taken 1 min apart) 2 140 mmHg and/or diastolic blood pressure (DBP) measured repeatedly in a seated position
(mean of the second and the third measurements taken 1 min apart) 2 90 mmHg and/or taking antihypertensive treat-
ment [12].

For dyslipidaemia the risky level of total cholesterol (TC) was defined as = 5 mmol/l and/or high-density lipoprotein
(HDL) = 1,2 mmol/l in men and < 1 mmol/l in women and/or low-density lipoprotein (LDL) 23,0 mmol/l and/or triglycerides
>1,7 mmol/l and/or lipid lowering therapy. All biochemical analyses were performed at the Czech Institute of Accreditation
officially certified laboratories according to standardized procedures.

Diabetes mellitus was defined as HbA1c =48 mmol/mol and/or any treatment of previously diagnosed diabetes. Predia-
betes (impaired fasting glucose and impaired glucose tolerance) was not included [13].

Current smoking was defined as smoking any tobacco products daily. Occasional smoking was defined as smoking any
tobacco products less than daily, while not giving up smoking for good. Past smokers who have stopped smoking com-
pletely were not counted into this category.
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Cardiovascular risk stratification

Data from 767 participants aged 40—64 were analysed using SCORE models to estimate the cardiovascular risk, the
probability of a fatal cardiovascular event in an individual during following 10 years. We used the models calibrated for
high-risk countries, where the Czech Republic belongs to, based on age- and sex-standardized CVD mortality rate. Five
variables are used in SCORE system: age, sex, current systolic blood pressure, cholesterol levels and smoking status.
Although the model was primarily designed for clinical practice, it can also be used to quantify cardiovascular risk in the
population and determine the distribution of risk levels. Individual risk values range from 0% to 47%. An important thresh-
old is 5%; according to ESC recommendations, intervention should be initiated at or above this level. SCORE values were
divided into four categories: low risk (0—1%), moderate risk (2—4%), high risk (5—9%), and very high risk (210%). Individ-
uals who have already experienced cardiovascular disease or have diabetes are automatically considered to be at high
risk, regardless of the SCORE chart value [9].

Statistical analysis

Data are presented as prevalences of risk factors and as population means with standard deviations (SD) of the observed
characteristics, weighted by age and sex. The distribution of categorical variables between sexes was assessed using the
Chi-squared test, while differences in mean population values were evaluated using the independent samples t-test.

Ethical considerations

Written informed consent was obtained from all EHES study participants before they underwent any study-specific pro-
cedures. The EHES study was conducted according to the applicable International Conference on Harmonisation (ICH)/
Good Clinical Practice (GCP) standards and the World Medical Association Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Participants and was approved by The National Institute of Public Health of the Czech
Republic.

The data from the Czech EHES study were accessed on the 23 of June 2023 in a form that does not allow to identify
individual participants during or after data collection.

Results

From 4297 eligible participants enrolled in the EHIS study, a total of 1057 patients completed the laboratory tests in full
(n=426 male; 40.3%) of which 84% presented with at least one cardiovascular risk factor (see Table 1).

Dyslipidaemia was the most common, present in 71.7% of participants and with an increased prevalence in men
(73.8% vs. 69.6%); ~66% of cases were undiagnosed across both sexes. Only 26.0% of respondents with already known
dyslipidaemia were on lipid-lowering treatment. Out of those treated, in only 23.7% total cholesterol, LDL, HDL and TAG
was under target levels. Although there were almost twice as many men than women treated with hypolipidemics, the
success rate of the therapy was reversed, with 32.1% of treated women meeting target values and only 19.1% of treated
men with successful therapy.

The prevalence of hypertension was 36.3%. Hypertension prevalence was higher in men (46.0%) than women (26.3%).
The awareness of hypertension was 60.1% in men and 72.0% women, with 42.0% men and 57.7% women of those being
treated with antihypertensive agents. Similarly, treatment success rates were higher in women (60% vs 40%) meeting the
target blood pressure < 140/90 mmHg). The mean systolic blood pressure (SBP) was 131,4 (+ 15,3) mmHg in men and
119,0 (£ 15,9) mmHg. Only 17.9% of women and 4.6% of men achieved normal blood pressure (under 130/80 mmHg) on
their therapy. The average values for both sexes are shown in Table 2.

Obesity was prevalent within the cohort with 29.7% of subjects classified as obese, with 32.9% of men and 26.3% of
women. Additional 44.4% of men and 30.0% of women were overweight.
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Table 1. Prevalence of cardiovascular risk factors among the Czech population aged 25-64 years, 2019, p-value for chi2-test.

CVD risk factors (prevalence in %) Total Males Females p-value
Number of participants aged 25—-64 years (N) 1057 426 631

Lipid disorder (dyslipidaemia) 71.7 73.8 69.6 0.130
Hypertension 36.3 46.0 26.3 <0.001
Obesity (BMI>30kg/m?) 29.7 32.9 26.3 0.018
Diabetes 5.7 7.6 3.7 0.005
Current smoking 17.7 18.3 17.2 0.617
Occasional smokers 6.6 8.4 4.7 0.015
Lipid disorder and/or hypertension 77.3 81.9 725 <0.001
Lipid disorder, hypertension and/or obesity 80.2 83.5 76.9 0.011
Lipid disorder, hypertension, obesity and/or diabetes 80.5 83.6 77.3 0.013
Lipid disorder, hypertension, obesity, diabetes and/or smoking 83.9 87.9 79.8 0.001
Cardiovascular disease risk categories by SCORE EU chart (high risk), % Total Males Females p-value
Number of participants aged 40—64 years (N) 767 296 471

Very high, 210% 10.4 16.0 4.8 <0.001
High, 5-10% 11.3 19.2 3.2

Moderate, 1-4% 28.6 35.9 211

Low,<1% 49.7 19.0 70.9

https://doi.org/10.1371/journal.pone.0332217.t001

Table 2. The average values of lipids and blood pressure for both sexes; p-value of the t-test.

Measured parameter Total Males Females p-value
Age, mean (SD) 44.5 (+ 11.0) 44.3 (£ 11.0) 44.7 (+ 11.0) 0.485
Body mass index (kg/m?), mean (SD) 27.6 (£ 5.4) 28.3 (+4.7) 26.8 (+ 6.0) <0.001
Total cholesterol, mean (SD) 5.12 (£1.01) 5.08 (£ 1.01) 5.16 (£ 1.01) 0.204
LDL cholesterol, mean (SD) 3.03 (+0.92) 3.07 (+ 0.92) 3.01 (+ 0.93) 0.310
HDL cholesterol, mean (SD) 1.47 (+0.39) 1.33 (£ 0.31) 1.63 (£ 0.41) <0.001
Non-HDL cholesterol, mean (SD) 3.65 (£1.02) 3.74 (£ 1.01) 3.53 (£ 1.02) 0.001
Triglycerides*, mean (SD) 1.45 (+1.11) 1.65 (+ 1.30) 1.20 (£ 0.74) <0.001
SBP, mean (SD) 125.3 (£ 16.8) 131.4 (£ 15.3) 119.0 (x15.9) <0.001
DBP, mean (SD) 81.5 (£ 10.5) 83.8 (+10.4) 79.0 (£9.9) <0.001

*Population means of triglycerides were computed only among fasting respondents.

https://doi.org/10.1371/journal.pone.0332217.t002

17.7% and 6.6% of respondents were active or occasional smokers, respectively; the prevalence was similar in both
sexes. Diabetes (any type) was found in 5.7% of subjects with the prevalence twice as great in men as compared to
women (7.6% of men, 3.7% of women).

A combination of risk factors was very common, e.g., 30.6% of respondents had dyslipidaemia and hypertension. There
were only 16.1% of subjects without any of the studied cardiovascular risk factors.

Following SCORE stratification for the 10-year fatal cardiovascular event risk in those aged 40—64 years using charts for
EU high risk country chart, the results were following: 49.7% of individuals fall into low risk category, 28.6% into medium
risk, and up to 11.3% into high and 10.4% into very high risk category of a fatal cardiovascular event in the following 10
years.
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Discussion

From the results of the EHES 2019 study it is evident that cardiovascular risk factors are very common in the Czech
Republic, even in a relatively young part of its population, with the most common being dyslipidaemia with overall preva-
lence of 71.7% (73.8% in men, 69.6% in women). This finding is consistent with the results of both EHES 2014 (77% in
men, 66% in women) [14] and post-MONICA 2016/2017 (74.8% in men, 69.9% in women) [15,16]. Despite the high prev-
alence (consistent throughout the years) of dyslipidaemia, only 1/3 of the respondents had known about their condition,
while only 26% of them were on lipid-lowering therapy and out of that only 23.7% reaching the target lipid levels. As such,
of all the people with some form of dyslipidaemia (hypercholesterolemia being the most common), only 2% of them are
treated adequately to reach target levels of blood lipids recommended for the general population.

Hypertension was found in 36.3% of participants, which is again comparable to EHES 2014 (34.6%) [14,17] and
only slightly lower compared to post-MONICA 2016/2017 (41.5%) [14]. There are significant differences between
sexes observed in all the studies, including our results, where the difference in mean SBP between sexes was 12.4
mmHg. An optimal blood pressure (under 120/80 mmHg) was found only in 16% of male and 43% of female partici-
pants. The awareness was, however, much better in contrast with dyslipidaemia and circa half of them were treated
with antihypertensive drugs. Only 17.9% of women and 4.6% of men achieved normal blood pressure on their therapy.
A possible explanation is that adherence to therapy could be lower in males. Nevertheless, as we have seen in the
mean values of systolic blood pressure, there is approx. 10 mmHg difference in sexes. This trend is stable throughout
the years [16], where even in the youngest age group of males (25-35 years) the mean BP has never been under
120/80 mmHg. Yet the definition for hypertension as well as the target values are universal for both sexes. Since the
BP values are in proportion with cardiovascular risk, it is apparent that the males should be treated more aggressively
to achieve the target BP.

Smoking habits were also studied in EHES 2019, with 17.7% regular smokers with not much of a difference between
sexes (18.3% men and 17.2% women). An additional 7% reported occasional smoking. Here we can see a decline in the
number of smokers in the past 5 years, since in EHES 2014 there was 25.7% of regular smokers (27% of men, 24.3% of
women) and additional 6% of occasional smokers. This is consistent with an observed trend of decreasing number of peo-
ple who smoke in the Czech Republic, with comparable results in post-MONICA studies and NAUTA studies concluded
regularly by National Institute of Public Health (SZU) [18]. A steeper decline is observed in male population, with women
somewhat stagnant or even rising, especially a few decades ago [16]. As tobacco smoke is considered not only a signif-
icant cardiovascular risk factor, but an important carcinogen as well, this trend is also reflected in the incidence of lung
cancer in the Czech Republic — a decreasing incidence in men and increasing incidence in women with a stabilising trend
in the past few years [19]. While the general trends in smoking seem favourable, there is indeed a new concern about
the rising abuse of alternative tobacco products, such as e-cigarettes or vape products, especially among teenagers and
adolescents — a population mostly not reflected in EHES study. The numbers are quite alarming worldwide, with 30—-45%
of teenagers ever-using e-cigarettes [20], as well as in the Czech Republic, where the latest reports show that in adoles-
cents aged 15-24 about half of them use nicotine in some form while 30% of them use it daily [21].

The major limit of this study is a volunteer bias, where, as mentioned above, only about one fourth of plausible subjects
voluntarily participated in all the necessary tests of EHES study, which could lead to skewed results. When it comes to
smoking prevalence, reporting bias can contribute to underestimation.

Conclusion

The results of this study show that despite focusing on younger, productive population, the prevalence of the most import-
ant cardiovascular risk factors remains unacceptably high. Our findings show that the most common and most underesti-
mated risk factor is dyslipidemia, where the awareness of patients as well as target levels attainment is unsatisfactory. We
should therefore focus more on primary prevention in both screening and treatment of dyslipidemia.
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The results of this study are highly congruent with previous epidemiological studies performed in the Czech Republic or
Central Europe in general and we see a slightly declining prevalence in some risk factors, mainly hypertension [16]. The
prevalence of diabetes was a little lower in this study compared to previous studies [14,17], this observed variability can
be attributed to low prevalence of diabetes mellitus in the studied population, thus is largely dependent on the selected
sample of that population. The variability of high-prevalence factors is significantly lower.

In conclusion, the results of EHES 2019 prove that even younger populations could be at a significant cardiovascu-
lar risk and should encourage doctors across specialities to screen for and address the present risk factors accordingly.
Doing that we can continue in the declining trend in some of the risk factors and, most importantly, prevent major cardio-
vascular events at young age.
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