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Background: Hypertension is the most common cardiovascular disease which substantially increases cardiovascular morbidity and mortality. Despite the broad availability of antihypertensive medication, control of hypertension is not satisfactory worldwide.

Objective: The study aim was to assess longitudinal trends in blood pressure, prevalence, awareness, treatment, and control of hypertension in a representative population sample of the Czechia from 1985 to 2016/2017, focusing on sex differences.

Methods: A total of 7,606 men and 8,050 women aged 25–64 years were screened for major CV risk factors in seven independent cross-sectional surveys run consistently in the same six country districts of the Czechia between 1985 and 2016/2017. The population samples were randomly selected.

Results: Over a study period of 31/32 years, there was a significant decline in systolic and diastolic blood pressure in both sexes, whereas the prevalence of hypertension decreased only in women. There was an increase in hypertension awareness in both sexes over the entire study period with consistently higher rates in women. The proportion of individuals treated with antihypertensive drugs increased significantly in both sexes throughout the study, again with consistently higher rates in women. Control of hypertension increased significantly over the study period with consistently higher rates in women. The age-adjusted trends in blood pressure, prevalence, awareness, and treatment of hypertension were significantly different in men and women, always in favor of women. The age-adjusted trends in control of hypertension in treated patients were equally poor in both sexes.

Conclusion: There are significant differences in longitudinal trends in blood pressure, prevalence, awareness, treatment, and control of hypertension between men and women, always in favor of women except for the control of hypertension in treated patients, where it is equally poor in both sexes.
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Introduction

Hypertension is the most prevalent cardiovascular disease affecting 30 – 50% of the adult population worldwide, with significant regional differences (1). Hypertension is also a major risk factor for developing stroke, coronary heart disease, heart and renal failure, peripheral arterial disease, aortic aneurysm, atrial fibrillation, and cognitive dysfunction/dementia (2, 3). Large clinical trials have convincingly shown that treatment of hypertension is followed by a decrease in cardiovascular morbidity and mortality (4, 5).

Hypertension can be easily detected and treated in primary care facilities. However, control of hypertension remains a major challenge throughout the global population. The Global Burden of Disease Study 2019 identified high systolic blood pressure (BP) (defined as a theoretical minimum risk exposure level of ≥110 – 115 mm Hg) as the leading Level 2 risk factor for death worldwide (3, 6).

The burden of hypertension can be reduced by simultaneously approaching the reduction of hypertension prevalence through primary prevention, and by increasing treatment and control of hypertension.

This analysis aimed to assess the longitudinal trends in BP, prevalence, awareness, treatment, and control of hypertension in a representative population sample of the Czechia from 1985 to 2016/2017, focusing on sex differences.



Materials and methods


Study population

A total of 7,606 men and 8,050 women aged 25–64 years were screened for major CV risk factors in seven independent cross-sectional surveys run in the same six country districts of the Czechia between 1985 and 2016/2017. The initial three surveys in 1985, 1988, and 1992 were conducted within the WHO MONICA Project (7), further referred to as the Czech MONICA Study.

The study population was always randomly selected as a one percent population sample within each district, stratified by age and sex, within an age range of 25–64 years. The details are published elsewhere (8).

The Czech MONICA and Czech post-MONICA studies (the last four surveys) were approved by the Ethics Committee of the Institute for Clinical and Experimental Medicine and Thomayer Hospital, Prague, Czechia. All participants provided informed consent.



Screening examination

The methods used were detailed elsewhere (9). In short, the examination consisted of a questionnaire which was completed by a physician. Currently prescribed drugs were recorded and verified (when possible) against drug containers.

Height and body weight measurements were taken in the standing position without shoes and outer garments. BP measurement was performed consistently on the right arm (supported at the heart level), in the sitting position, after a minimum 5-min rest, using standard mercury sphygmomanometers and properly sized cuffs. Blood pressure values were recorded to the nearest 2 mmHg. In 1985, 1988, and 1992, two consecutive BP measurements were performed with their mean values used for the longitudinal trend analysis. In 1997/98, 2000/01, 2007/08, and 2016/17 the study protocol was extended by including three consecutive BP measurements; however, for the purpose of longitudinal trend analysis, only the mean of the first two readings was used.



Definition of obesity and hypertension

We defined obesity as body mass index (BMI) ≥30 kg/m2 for both sexes.

Hypertension was defined as a mean SBP ≥140 mmHg, and/or a mean DBP ≥90 mmHg, or current treatment with antihypertensive drugs. Study participants who reported previously diagnosed hypertension or current use of antihypertensive medication were considered aware of their hypertension. Treatment of hypertension was defined as the current use of prescribed BP lowering medication. Control of hypertension was defined as a proportion of individuals with hypertension achieving both SBP <140 mmHg and DBP < 90 mmHg. We also provide data on the control of hypertension in drug-treated hypertensives, defined as the proportion of drug-treated hypertensive individuals achieving both SBP <140 mmHg and DBP <90 mmHg.



Statistical analysis

Statistical analyses were performed using JMP® 15.2.0 statistical software (2019, SAS Institute Inc.). Trends for means were tested by linear contrast in one-way ANOVA, and trends for percentage by Cochran Armitage trend test of proportions. ANCOVA and logistic regression with an interaction of sex and the year of examination were used to determine a possible influence of sex on trends, and the year(s) of examination on tested variables. When necessary, Bonferroni correction for the adjustment of p values was applied. All p values are two-sided and p < 0.05 is considered statistically significant.




Results


Population sample characteristics

A total of 15,656 Caucasians participated in seven independent cross-sectional surveys (Table 1). The response rates showed a significant downward linear trend in both sexes, with a sharp decrease in the most recent survey, particularly in the youngest age groups. Women consistently had higher response rates than men throughout all age groups and surveys. Over the entire study period of 31–32 years, BMI significantly increased in men in all age groups, whereas BMI in women did not change and even declined in the age group of 45–54 years. Adjusted for age, the longitudinal trends in BMI in men and women differed (p < 0.0001) (Figure 1). Between 1985 and 1997/1998 trends in BMI in both sexes remained similar. In the 2001 survey, a sharp increase in BMI in men occurred and continued, whereas women’s BMI remained largely unchanged.


TABLE 1    Survey sample sizes, response rates, BMI, and obesity prevalence by sex and year of survey.
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FIGURE 1
Age-adjusted trends in BMI (95% confidence interval). BMI, body mass index; M, males; F, females; p for differences in trends between males and females. NS or asterisks in brackets after survey years indicates the sex differences in respective surveys after Bonferroni correction; **p < 0.01; ***p < 0.001.




Longitudinal trends in blood pressure and the prevalence, awareness, treatment, and control of hypertension

SBP and DBP declined in both sexes with a greater decline in women (men: from 135.8 ± 19.2/85.9 ± 11.0 to 131.1 ± 14.9/84.7 ± 9.1 mmHg; p < 0.001; women: from 131.6 ± 20.9/82.5 ± 11.3 to 124.8 ± 16.9/80.0 ± 9.4 mmHg; p < 0.001) (Table 2). SBP and DBP values in the two youngest male age groups did not change, whereas in women no change was observed only for DBP in the youngest age group. The trends in SBP and DBP, adjusted for age, were different in men and women, with BP values remaining constantly higher in men over the entire study period (Figures 2, 3).


TABLE 2    Blood pressure (mean ± SD) between 1985 and 2016/17 in six districts of the Czechia.
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FIGURE 2
Age-adjusted trends in systolic blood pressure (95% confidence interval). M, males; F, females; p for differences in trends between males and females. Asterisks in brackets after survey years indicates the sex differences in respective surveys after Bonferroni correction; ***p < 0.001.
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FIGURE 3
Age-adjusted trends in diastolic blood pressure (95% confidence interval). M, males; F, females; p for differences in trends between males and females. Asterisks indicates in brackets after survey years the sex differences in respective surveys after Bonferroni correction; ***p < 0.001.


The prevalence of hypertension declined only in women (from 42.5% in 1985 to 33.5% in 2016/17; p < 0.001; the decrease was significant in all age groups, except for the youngest one). In the male study population, there was no change in the prevalence of hypertension, except for two middle-aged groups (35–44 and 45–54 years) (Table 3). The age-adjusted trends in the prevalence of hypertension were different for men and women with consistently higher rates in men (Figure 4).


TABLE 3    Prevalence, awareness, and treatment of hypertension between 1985 and 2016/17 in six districts of the Czechia.
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FIGURE 4
Age-adjusted trends in prevalence of hypertension (95% confidence interval). M, males; F, females; p for differences in trends between males and females. Asterisks indicates in brackets after survey years the sex differences in respective surveys after Bonferroni correction; ***p < 0.001.


There was an increase in hypertension awareness in both sexes over the entire study period with consistently higher rates in women (men: from 41.4% in 1985 to 74.6% in 2016/17; p < 0.001; women: from 58.9% in 1985 to 77.7% in 2016/17; p < 0.001) (Table 3). However, there was no increase in awareness of hypertension in the youngest age groups of both sexes. The age-adjusted trends in awareness were different in men and women (Figure 5).
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FIGURE 5
Age-adjusted trends in awareness of hypertension (95% confidence interval). M, males; F, females; p for differences in trends between males and females. NS or asterisks indicates in brackets after survey years the sex differences in respective surveys after Bonferroni correction; *p < 0.05; ***p < 0.001.


The proportion of individuals treated with antihypertensive drugs increased significantly in both sexes throughout the study, again with consistently higher rates in women (men: from 21.1 to 60.9%; p < 0.001; women: from 38.9 to 64.8%; p < 0.001) (Table 3). There was no change in the younger age groups of both sexes. The age-adjusted trends in the treatment of hypertension differed between men and women (Figure 6).
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FIGURE 6
Age-adjusted trends in treatment of hypertension (95% confidence interval). M, males; F, females; p for differences in trends between males and females. NS or asterisks indicates in brackets after survey years the sex differences in respective surveys after Bonferroni correction; **p < 0.01; ***p < 0.001.


Control of hypertension increased significantly over the 30-year study period with consistently higher rates in women. The improvement in the control of hypertension was consistent in both sexes across all the age groups, except for the youngest female group (Table 4). The age-adjusted trends for control of hypertension were different for men and women only when control of hypertension was presented as the proportion of individuals with BP <140/90 mmHg in all hypertensive individuals, but not only in drug-treated hypertensive patients (Figures 7, 8).


TABLE 4    Control of hypertension between 1985 and 2016/17 in six districts of the Czechia.
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FIGURE 7
Age-adjusted trends in control of hypertension in all hypertensive individuals (95% confidence interval). M, males; F, females; p for differences in trends between males and females. NS or asterisks indicates in brackets after survey years the sex differences in respective surveys after Bonferroni correction; *p < 0.05.
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FIGURE 8
Age-adjusted trends in control of hypertension in drug treated hypertensives (95% confidence interval). M, males; F, females; p for differences in trends between males and females. NS indicates in brackets after survey years the sex differences in respective surveys after Bonferroni correction.





Discussion

The current analysis is, to the best of our knowledge, the first one assessing the longitudinal trends in BP, prevalence, awareness, treatment, and control of hypertension, paying special attention to sex differences. The main message is that there are significant differences, always in favor of women, in trends in all parameters listed above, except for in the control of hypertension in treated patients, where results were equally poor in both sexes. There are only a few countries with longitudinal data on the epidemiology of hypertension derived from representative population samples (USA, Canada, Korea, Sweden, Lithuania, and Finland) (10–15). Trends in BP and various aspects of the epidemiology of hypertension were described for several European countries but, as far as we know, none of the other studies specifically compared the trends in men and women.


Strengths and limitations

The strength of our study is that it was always conducted in the same six districts of the Czechia using standardized methods, which were introduced by the WHO MONICA Project. The study protocol respected seasonal variations. The gold-standard mercury sphygmomanometer was used to measure BP in all seven cross-sectional surveys. The study period lasted 31/32 years, covering the transition from a totalitarian regime to democracy in the Czechia.

A decline in the response rate is a possible study limitation. This may have resulted in the population sample coming from a higher socio-economic background, which is usually associated with higher health consciousness. Therefore, our results might be slightly more favorable than in the actual general population. It should be noted that a decline in response rates has occurred in epidemiological studies worldwide, with recently reported rates below 40% (16–18). The European Health Examination Survey Pilot Project, conducted 2009-2012 in 12 countries involving individuals of the same age as our study population (25–64 years), found the participation rates to be 16-57% in men and 31–74% in women (16). The WHO MONICA Project examined non-respondents who were found more likely to be single, less educated, with poorer lifestyles, and worse health profiles than respondents (19).



Trends in blood pressure and prevalence

A pooled analysis of 1,479 studies including 19.1 million adults found a decline in mean systolic and mean diastolic pressure from 1975 to 2015 in high-income western and high-income Asia Pacific super-regions (20). A later analysis by the same research group also reported a decrease in systolic BP in women in central and eastern Europe, but not in men (21).

An Austrian representative population-based study (n = 178,818), which included self-reported data from five health surveys between 1973 and 2007, showed that during the study period the age-standardized hypertension prevalence increased from 1.0 to 18.8%, with a considerable rise from 1991 onward. There was a positive trend in all subpopulations, especially in obese women (+ 50.2%) and obese individuals aged 75 years and older (+ 54.4%) (22).

Analysis of Lithuanian data from three MONICA health surveys (1983, 1986, and 1992) and one survey according to MONICA protocol (2002) concluded that during this period hypertension prevalence in men was 52.1 to 58.7% (no significant changes), whereas in women it decreased from 61.0 to 51.0% (15). The German National Health Interview and Examination Survey 1998 and 2008 to 2011 reported a decrease in age- and sex-standardized mean systolic and diastolic BP. The mean systolic and diastolic BP decrease was achieved in treated hypertensive patients, but there was also a BP decrease in normotensive individuals. The prevalence of hypertension increased only in men (29.8 to 33.4%; p < 0.03) (23).

In our study, there was a decline in the mean SBP and DBP in both sexes, however, the changes were more pronounced in women. The more favorable decline in BP in women can be partly explained by their BMI showing no significant change, whereas men’s BMI increased in all age groups over the entire study period.

The NCD Risk Factor Collaboration group reported a stable age-standardized prevalence of hypertension in adults aged 30-79 years a net effect of a decline in high-income countries and for women also in central and eastern Europe, and a rise in some low-income and middle-income countries. The results from our study mirrored these trends, with consistently lower rates and greater changes in women (Table 3 and Figure 4).



Awareness, treatment, and control of hypertension

Awareness of hypertension dramatically improved throughout our study in both sexes, with women having started in a better position (58.9%) than men (41.4%). Both sexes achieved around 75% awareness by 2016/2017 (men 74.6%, women 77.7%), which is substantially better than in the NCD Risk Factor Collaboration report (globally, men 51%, women 41%). A similar increase in hypertension awareness was noted in Lithuania from 1983 to 2002 in both men and women (from 45.0 to 64.4% and 47.7 to 72.3%, respectively) and in treated hypertensives (from 55.4 to 68.3% in men and 65.6 to 86.2% in women) (15). Awareness and treatment of hypertension increased in Germany in both sexes (awareness: men from 65-78%, women from 74 to 87%; treatment: men from 48 to 65%, women from 62 to 79%) from 1998 to 2008 to 2011 (23).

Hypertension treatment and control have improved in most countries since 1990, with the greatest improvement in high-income countries and central Europe (21). The trends in treatment and hypertension control in the Czechia are in parallel with these findings. As with awareness of hypertension, women were treated for hypertension more frequently than men until the start of the millennium. Due to a greater increase in treatment of hypertension in men, no differences between the sexes were found in the last two surveys in the Czechia (final survey: men 60.9%, women 64.8%). On the other hand, in 2019 only 38% of men and 47% of women were treated globally (21).

Control of hypertension in the Czechia improved significantly in both men and women. The improvement mostly ran in parallel throughout the study, particularly in treated hypertensive patients. However, the final numbers for control of hypertension are still not sufficient (treated hypertensive patients: men 49.4%, women 57.5%). According to the NCD Risk Factor Collaboration report, the control rates in high-income countries rose to 60% (21). The Swedish primary care register shows that from 2010 to 2017 the proportion of patients with BP < 140/90 mmHg increased from 38.9 to 49.1% (24). Authors of the analysis of German Health Examination Surveys even claim that the control rate among treated hypertensives increased from 23% in 1998 to 51% in 2008 to 2011 (men from 20 to 45%, women from 25% to 58%) (23).

It is an alarming finding of our study that awareness, treatment, and control of hypertension did not improve in the youngest age group in both sexes. Hypertension was newly detected predominantly in young men with only a small proportion of them being treated for it. In the youngest age group hypertension was poorly controlled in both sexes. This is in concordance with other studies reporting poor levels of treatment and control in young adults compared with older adults (25–27).

It is a surprising fact that women who had lower SBP and DBP as well as a lower prevalence of hypertension were more frequently aware of the disease and were reported to be more frequently treated by antihypertensive drugs but they did not show better control of hypertension. This could be explained by less aggressive treatment in women or by their lower adherence to medication. Unfortunately, we have more precise data on the antihypertensive medication only for the last four surveys. Age-adjusted trends in hypertensive medication did not differ between men and women from 1997/98 to 2016/17, both increasing over time but staying significantly higher in men, meaning men took on average more antihypertensive drugs than women. Clearly, when we analyzed the proportion of monotherapy, a combination of two drugs, and a combination of three and more drugs, there was a significant increase over time favoring the triple and more combination in both sexes. However, this increase was steeper in men (in the last survey, 44.9% of men were treated with a combination of ≥3 drugs, compared to 36.1% of women). The less aggressive treatment of hypertension in women may correspond with the finding that women with coronary heart disease are less likely to be treated following the guidelines than men (28).

Another reason for women having unexpectedly equally poor control of their hypertension could be worse adherence to antihypertensive medication. This issue is controversial, depending on the method used to assess adherence. A meta-analysis of 82 studies which included 15,517,457 men and 18,537,599 women showed no significant differences in adherence between the sexes. However, this analysis was based on self-reported adherence and pharmacy refill records (29). On the other hand, studies on apparent treatment-resistant hypertension employing therapeutic drug monitoring showed that antihypertensive drug adherence was lower in women (30). Heterogeneity in published results must be acknowledged, partly due to various methods being used for assessing adherence.




Conclusion and further perspective

We found significant differences in longitudinal age-adjusted trends in BP, prevalence, awareness, treatment, and control of hypertension between the sexes. The differences were always in favor of women except for control of hypertension in treated patients, which did not show any difference between men and women.

In conclusion, the trends in BP, prevalence, awareness, treatment, and control of hypertension in women showed similar pattern as women in high-income countries, whereas men are lagging in their awareness rates.

Future epidemiological studies in hypertension should also assess adherence to medication using objective methods rather than relying on self-reported data.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: http://www.ftn.cz/data-monica-1117/.



Ethics statement

The studies involving human participants were reviewed and approved by Ethics Committee of the Institute for Clinical and Experimental Research and Thomayer University Hospital Prague, Czechia. The patients/participants provided their written informed consent to participate in this study.



Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work, and approved it for publication.



Funding

This study was supported by grant No. 15-27109A provided by the Ministry of Health of the Czechia.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Zhou B, Perel P, Mensah GA, Ezzati M. Global epidemiology, health burden and effective interventions for elevated blood pressure and hypertension. Nat Rev Cardiol. (2021) 18:785–802.

2. Rapsomaniki E, Timmis A, George J, Pujades-Rodriguez M, Shah AD, Denaxas S, et al. Blood pressure and incidence of twelve cardiovascular diseases: lifetime risks, healthy life-years lost, and age-specific associations in 1⋅25 million people. Lancet. (2014) 383:1899–911. doi: 10.1016/S0140-6736(14)60685-1

3. Sharp SI, Aarsland D, Day S, Sønnesyn H, Ballard C. Hypertension is a potential risk factor for vascular dementia: systematic review. Int J Geriatr Psychiatry. (2011) 26:661–9.

4. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the prevention of cardiovascular disease: meta-analysis of 147 randomised trials in the context of expectations from prospective epidemiological studies. BMJ. (2009) 338:b1665. doi: 10.1136/bmj.b1665

5. Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, Emberson J, et al. Blood pressure lowering for prevention of cardiovascular disease and death: a systematic review and meta-analysis. Lancet. (2016) 387:957–67. doi: 10.1016/S0140-6736(15)01225-8

6. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a systematic analysis for the global burden of disease study 2019. Lancet. (2020) 396:1223–49.

7. Tunstall-Pedoe H, Kuulasmaa K, Mähönen M, Tolonen H, Ruokokoski E, Amouyel P. Contribution of trends in survival and coronary-event rates to changes in coronary heart disease mortality: 10-year results from 37 WHO MONICA project populations. Monitoring trends and determinants in cardiovascular disease. Lancet. (1999) 353:1547–57. doi: 10.1016/s0140-6736(99)04021-0

8. Cífková R, Bruthans J, Wohlfahrt P, Krajčoviechová A, Šulc P, Jozífová M, et al. 30-year trends in major cardiovascular risk factors in the Czech population, Czech MONICA and Czech post-MONICA, 1985 - 2016/17. PLoS One. (2020) 15:e0232845. doi: 10.1371/journal.pone.0232845

9. Cífková R, Skodová Z, Bruthans J, Adámková V, Jozífová M, Galovcová M, et al. Longitudinal trends in major cardiovascular risk factors in the Czech population between 1985 and 2007/8. Czech MONICA and Czech post-MONICA. Atherosclerosis. (2010) 211:676–81. doi: 10.1016/j.atherosclerosis.2010.04.007

10. Burt VL, Cutler JA, Higgins M, Horan MJ, Labarthe D, Whelton P, et al. Trends in the prevalence, awareness, treatment, and control of hypertension in the adult US population. Data from the health examination surveys, 1960 to 1991. Hypertension. (1995) 26:60–9. doi: 10.1161/01.hyp.26.1.60

11. Muntner P, Hardy ST, Fine LJ, Jaeger BC, Wozniak G, Levitan EB, et al. Trends in blood pressure control among US adults with hypertension, 1999-2000 to 2017-2018. JAMA. (2020) 324:1190–200.

12. McAlister FA, Wilkins K, Joffres M, Leenen FH, Fodor G, Gee M, et al. Changes in the rates of awareness, treatment and control of hypertension in Canada over the past two decades. CMAJ. (2011) 183:1007–13.

13. Choi HM, Kim HC, Kang DR. Sex differences in hypertension prevalence and control: analysis of the 2010-2014 Korea national health and nutrition examination survey. PLoS One. (2017) 12:e0178334. doi: 10.1371/journal.pone.0178334

14. Törmä E, Carlberg B, Eriksson M, Jansson JH, Eliasson M. Long term trends in control of hypertension in the Northern Sweden MONICA study 1986-2009. BMC Public Health. (2015) 15:957. doi: 10.1186/s12889-015-2280-6

15. Reklaitiene R, Tamosiunas A, Virviciute D, Baceviciene M, Luksiene D. Trends in prevalence, awareness, treatment, and control of hypertension, and the risk of mortality among middle-aged Lithuanian urban population in 1983-2009. BMC Cardiovasc Disord. (2012) 12:68. doi: 10.1186/1471-2261-12-68

16. Tolonen H, Ahonen S, Jentoft S, Kuulasmaa K, Heldal J. Differences in participation rates and lessons learned about recruitment of participants–the European Health Examination Survey Pilot Project. Scand J Public Health. (2015) 43:212–9. doi: 10.1177/1403494814565692

17. Leenen FH, Dumais J, McInnis NH, Turton P, Stratychuk L, Nemeth K, et al. Results of the Ontario survey on the prevalence and control of hypertension. CMAJ. (2008) 178:1441–9.

18. Firmann M, Mayor V, Vidal PM, Bochud M, Pécoud A, Hayoz D, et al. The CoLaus study: a population-based study to investigate the epidemiology and genetic determinants of cardiovascular risk factors and metabolic syndrome. BMC Cardiovasc Disord. (2008) 8:6. doi: 10.1186/1471-2261-8-6

19. Tolonen H, Dobson A, Kulathinal S. Effect on trend estimates of the difference between survey respondents and non-respondents: results from 27 populations in the WHO MONICA Project. Eur J Epidemiol. (2005) 20:887–98. doi: 10.1007/s10654-005-2672-5

20. NCD Risk Factor Collaboration [NCD-RisC]. Worldwide trends in blood pressure from 1975 to 2015: a pooled analysis of 1479 population-based measurement studies with 19⋅1 million participants. Lancet. (2017) 389:37–55. doi: 10.1016/S0140-6736(16)31919-5

21. NCD Risk Factor Collaboration [NCD-RisC]. Worldwide trends in hypertension prevalence and progress in treatment and control from 1990 to 2019: a pooled analysis of 1201 population-representative studies with 104 million participants. Lancet. (2021) 398:957–80. doi: 10.1016/S0140-6736(21)01330-1

22. Großschädl F, Stolz E, Mayerl H, Rásky É, Freidl W, Stronegger WJ. Prevalent long-term trends of hypertension in austria: the impact of obesity and socio-demography. PLoS One. (2015) 10:e0140461. doi: 10.1371/journal.pone.0140461

23. Neuhauser HK, Adler C, Rosario AS, Diederichs C, Ellert U. Hypertension prevalence, awareness, treatment and control in Germany 1998 and 2008-11. J Hum Hypertens. (2015) 29:247–53. doi: 10.1038/jhh.2014.82

24. Bager JE, Mourtzinis G, Andersson T, Nåtman J, Rosengren A, Björck S, et al. Trends in blood pressure, blood lipids, and smoking from 259 753 patients with hypertension in a Swedish primary care register: results from QregPV. Eur J Prev Cardiol. (2022) 29:158–66. doi: 10.1093/eurjpc/zwab087

25. Kim JS, Kim CG. Gender differences in hypertension treatment and control in young adults. J Nurs Res. (2020) 28:e88.

26. Hales CM, Carroll MD, Simon PA, Kuo T, Ogden CL. Hypertension prevalence, awareness, treatment, and control among adults aged = 18 years - Los Angeles County, 1999-2006 and 2007-2014. MMWR Morb Mortal Wkly Rep. (2017) 66:846–9. doi: 10.15585/mmwr.mm6632a3

27. Zhang Y, Moran AE. Trends in the prevalence, awareness, treatment, and control of hypertension among young adults in the United States, 1999 to 2014. Hypertension. (2017) 70:736–42.

28. DeFilippis EM, Collins BL, Singh A, Biery DW, Fatima A, Qamar A, et al. Women who experience a myocardial infarction at a young age have worse outcomes compared with men: the mass general Brigham YOUNG-MI registry. Eur Heart J. (2020) 41:4127–37. doi: 10.1093/eurheartj/ehaa662

29. Biffi A, Rea F, Iannaccone T, Filippelli A, Mancia G, Corrao G. Sex differences in the adherence of antihypertensive drugs: a systematic review with meta-analyses. BMJ Open. (2020) 10:e036418.

30. Gupta P, Patel P, Štrauch B, Lai FY, Akbarov A, Marešová V, et al. Risk factors for nonadherence to antihypertensive treatment. Hypertension. (2017) 69:1113–20.



OPS/images/fcvm-09-1033606-g002.jpg
SBP {(mmHg)

140

p for difference in trends = 0.0283

1855
1830 =
T .
125 - 1
120 A A A\ A IS A\ A
N & & T . X &
5 > 0 > N ® A
O RO > 0',\9 QQ\Q 6\\Q O\
N > D 2%

years of survey

O —M
TRp—"






OPS/images/fcvm-09-1033606-g003.jpg
DBP (mmHg)

88

86 -

84 -

82-

80 -

78~

p for difference in trends = 0.0065

) ) S ) £ a ¥\
X N < < & . N
o' ® v > N ® S\
N Dy P P
years of survey

I






OPS/images/fcvm-09-1033606-g001.jpg
BMI (kg/m?)

30

p for difference in trends <0.0001

29

28 -

27 - | 1\}
20 2\ N ) 2\ N\ N A\

& & & & R o &
o) N 47 Q 3 A
oP P S S \ N 0N
N N ,»69 Q\ o
S S
years of survey

+ —F





OPS/images/fcvm-09-1033606-g006.jpg
Treatment of hypertension (%)

70

60 -

50 -

40-

30 -

20 -

p for difference in trends < 0.0001
| T )
(D

A ) 3\ A\ ) 3\ 3\
o S SV ¢ - S Q%\& ,(\\&

P O N AV A A\ o

N O Q P o
N DS 1)






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Longitudinal trends in blood pressure, prevalence, awareness, treatment, and control of hypertension in the Czech population. Are there any sex differences?



		Introduction



		Materials and methods



		Study population



		Screening examination



		Definition of obesity and hypertension



		Statistical analysis







		Results



		Population sample characteristics



		Longitudinal trends in blood pressure and the prevalence, awareness, treatment, and control of hypertension







		Discussion



		Strengths and limitations



		Trends in blood pressure and prevalence



		Awareness, treatment, and control of hypertension







		Conclusion and further perspective



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References

















OPS/images/fcvm-09-1033606-g007.jpg
Control of hypertension (%)

40- p for difference in trends = 0.0312
30-
20-
10-
0-
2 Q A\ 2 )
& & & P 3 & &
3 N > &> S S nO
X A "l/Q ’19
O =—M






OPS/images/fcvm-09-1033606-g004.jpg
Prevalence of hypertension (%)

60

99

50 -

45-

40 -

35-

30 -

25

p for difference in trends = 0.0300
¥ ¥ ¥ A\ ¥ S ¥\
N . < . N < \:
e ® 0 ® A ® Q
O > P P
years of survey

b






OPS/images/fcvm-09-1033606-g005.jpg
Awarnessof hypertension (%)

70-

60 -

50-

40 -

30 - p for difference in trends = 0.0469
\,,»\ ‘b@ \Qc,\ \(\c) \Q\ \({,\ \(\(,\
L P oV P O Si X\
N v D

years of survey

O —M
-





OPS/images/fcvm-09-1033606-g008.jpg
Control of hypertension (%)

70

p for difference in trends = 0.6955
60 -
50 -
40 -
30-
20 -
10 -
0 & S o\
& & S \§ N
5 ® 0 > N > A
,\°§b O ,\°>°’ cg\\o’ QQ\Q 6\\Q ,\co\\
N S S $
years of survey
O r——— M

rig—






OPS/images/fcvm-09-1033606-t001.jpg
Total
Age, yrs (mean = SD)
Men
Age, years (mean = SD)
Response rate (%)
Age group, 1 (%)
25-34
35-44
45-54
55-64
BMI, kg/mz, (mean =+ SD)
Total, 25-64y
25-34y
35-44y
45-54y
55-64y
BMI > 30 kg/m?, 1 (%)
‘Women
Age, years (mean = SD)
Response rate (%)
Age group, 1 (%)
25-34
35-44
45-54
55-64
BMI, kg/mz, (mean =+ SD)
Total, 25-64 y
25-34y
35-44y
45-54y
55-64y
BMI > 30 kg/m?, n (%)

1985

2,570
4494+ 1138
1,253
45.0+11.39
81.5

307 (24.5)
296 (23.6)
334(26.7)
316(252)

27.0 + 4.0
255434
268+38
27.7+38
28.1+43
246 (19.7)
1,317
449+ 1138
85.0

322 (24.4)
340 (25.8)
343 (26.0)
312(23.7)

273454
239+41
265+47
28.6+49
304454
367 (28.0)

BMI, body mass index; SD, standard deviation.

1988

2,768
45.1 £11.26
1,357
45,3+ 11.29
85.5

322(23.7)
323 (23.8)
361 (26.6)
351 (25.9)

27.7+38
262+33
271437
28.1+37
292439
343 (25.3)
1,411
449 +£11.24
88.4

342 (24.2)
369 (26.2)
360 (25.5)
340 (24.1)

27.7+54
243+39
269 +£49
29.0£5.0
30.7 £54
423 (30.0)

1992

2,343
44.7 +10.87
1,134
44.6 + 10.76
732

246 (21.7)
350 (30.9)
310 (27.3)
228(20.1)

27.14+38
252432
268+ 36
27.8+36
28.6+4.1
225(19.9)
1,209
449+ 1097
76.7

266 (22.0)
356 (29.4)
311(25.7)
276 (22.8)

269453
23.6+ 40
258+ 49
283455
29951
308 (25.5)

1997/98

1,990
45.6 +10.64
969
45.8 +£10.63
63.2

194 (20.0)
230 (23.7)
332 (34.3)
213 (22.0)

275438
259432
267 £33
282+39
28.8+38
244 (25.2)
1,021
453 £10.65
66.4

212 (20.8)
266 (26.1)
326 (31.9)
217 (21.3)

271455
242446
258449
284+56
29.7£5.0
270 (26.5)

2000/01

2,055
462 +11.9
1,003
46.7 £ 11.07
62.0

187 (18.6)
230 (22.9)
295 (29.4)
291 (29.0)

281+44
262+43
276 +3.9
285442
295+4.6
295 (29.5)
1,052
458 +£11.10
63.8

213 (20.2)
276 (26.2)
285 (27.1)
278 (26.4)

273457
238+41
264455
277 +£5.1
30459
292 (27.8)

2007/08

2,246
47.1 £11.46
1,102
47.9 £ 11.65
62.1

208 (18.9)
251 (22.8)
231 (21.0)
412 (37.4)

285446
263+43
28.0£45
287 +44
29.8+46
370 (33.6)
1,144
464 +£11.23
63.1

235 (20.5)
284 (24.8)
299 (26.1)
326 (28.5)

273457
238448
26.6£5.7
279457
302+£59
344 (28.1)

2016/17

1,684
47.8 +10.85
788
48.0 +10.83
43.1

116 (14.7)
198 (25.1)
210 (26.7)
264 (33.50)

292451
275449
282+48
295 +5.0
304+53
297 (37.7)
896
47.6 +10.88
486

147 (16.4)
204 (22.8)
282 (31.5)
263 (29.4)

273 +6.0
247 +54
265 +6.0
274456
294462
247 (27.6)

p for trend

<0.001

<0.001
<0.001

<0.001
ns
ns

ns

0.001
0.011
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001

<0.001
ns
ns

ns





OPS/images/cover.jpg
& frontiers | Frontiers in Cardiovascular Medicine

Longitudinal trends in blood
pressure, prevalence,
awareness, treatment,

and control of hypertension

in the Czech population. Are
there any sex differences?





OPS/images/fcvm-09-1033606-t002.jpg
Men
SBP, mmHg
Total, 25-64 y
25-34y
35-44y
45-54y
55-64y
DBP, mmHg
Total, 25-64 y
25-34y
35-44
45-54y
55-64y
‘Women
SBP, mmHg
Total, 25-64 y
25-34y
35-44y
45-54y
55-64y
DBP, mmHg
Total, 25-64 y
25-34y
35-44y
45-54y
55-64y

1985

13584 19:2
125.7 £ 14.6
129.9 £ 15.7
139.9 £18.9
146.7 £19.4

85.9 £11.0
81.1 £10.0
84.8 £9.8

88.7£11.2
88.5+11.2

131.6 £20.9
116.6 £ 13.7
125.8 £15.8
136.0 £ 19.1
148.6 £19.9

82.5+113
74.8 £9.2
81.4+9.9
85.1 £10.7
88.7 £10.3

1988

134.9 £19.2
125:5 £ 13.6
128.1 £15.5
137.7 £ 19.1
146.7 £19.9

84.4 £11.0
79.9 £10.3
82.7£10.3
86.5 £ 11.1
87.9 £10.4

130.7 £20.9
116.0 £12.2
124.3 £16.0
135.7 £ 18.4
1471 £21.7

81.4+11.2
74.4 £ 8.7

79.1 £10.1
84.5 £10.5
87.6 £10.6

1992

134.2 £20.0
1239+ 134
128.2 £ 154
140.5 £ 20.1
146.0 £22.8

86.1+11.4
80.8 £9.7

84.9 £10.1
86.4+11.4
89.3£11.7

130.2 £22.0
115.6 £13.3
121.1 £16.0
137.1 £21.0
148.0 £21.2

82.5+12.1
75.0 £9.1

79.0 £10.5
86.9 £11.9
89.1+£11.5

1997/98

132.3 £16.9
1243 £11.4
127.9.4+13.7
132.4 £15.9
144.3 £19.1

84.5 £10.0
80.0 £8.7
83.2+9.5
86.4+9.6
87.0 £10.8

125.2:4:18.1
113.7+9.9

118.9 £ 14.6
129.0 £17.9
138.2:4:18.3

79.3:49.8
73:8:£7.7
77:1:A9.0
81.7 £10.0
83.9+8.8

2000/01

131.9+16.8
125.0 £ 15.3
126.4 £ 13.9
132.8 £ 16.0
139.7 £ 17.1

83.7+£9.7
797+ 9.7
82.7+£9.2
852+9.2
85.5+9.6

1259+ 18.8
1129+ 11.0
118.7 £ 12.7
128.9+17.8
140.2 £ 19.1

79.3+£9.8
735+ 7.9
76.9 £ 8.8
80.9+ 8.8
84.5+10.0

2007/08

132.5+17.3
124.8 £ 11.7
1276 & 13.9
131.3+16.6
139.9+18.7

84.4+10.1
79.9+ 8.5
84.1+10.4
85.2+8.9
86.5+10.6

126.7 £ 19.2
1145+ 12.2
120.1 £ 15.5
128.6 £17.0
139.5:4:20.2

80.6 £ 9.6
75785
79.3+£8.8
82.0+£9.3
84.2+9.3

2016/17

131.1 £14.9
124.9 £12.6
127.1 £13.1
131.6 £ 14.2
136.5 £ 15.6

84.7+9.1
81.2+9.6
84.0 £8.5
85.8+9.2
85.7 £8.9

124.8 £16.9
114.7 £12.4
119.2+13.4
125.1+16.3
134.4 £17.0

80.0 £9.4
759 £93
78.2+£9.0
81.0£9.2
82.6 £8.8

p for trend

<0.001
ns
ns

<0.001

<0.001

<0.001
ns
ns

<0.001

<0.001

<0.001
0.004
<0.001
<0.001
<0.001

<0.001
ns
<0.001
<0.001
<0.001

s statistical significance for linear trend. SBP, systolic blood pressure, DBP, diastolic blood pressure.





OPS/images/fcvm-09-1033606-t003.jpg
Men
Prevalence of HT, %
Total, 25-64 y, n (%)
25-34y
35-44y
45-54s
55-64y
Awareness of HT, n (%)
Total, 25-64 y
25-34y
35-44y
45-54y
55-64y
Medication for HT, n (%)
Total, 25-64 y
25-34y
35-44y
45-54y
55-64y
‘Women
Prevalence of HT, n (%)
Total, 25-64 y
25-34y
35-44y
45-54y
55-64y
Awareness of HT, n (%)
Total, 25-64 y
25-34y
35-4dy
45-54y
55-64y
Medication for HT, n (%)
Total, 25-64 y
25-34y
35-4dy
45-54y
55-64y

1985

650 (51.9)
85(27.7)
123 (41.6)
208 (62.3)
234 (74.1)

269 (41.4)
23(27.1)
38(30.9)
91 (43.8)
117 (50.0)

137 (21.1)
3(3.5)
16 (13.0)
50 (24.0)
68(29.1)

560 (42.5)
30 (9.3)
98 (28.8)
186 (54.2)

246 (78.9)

330 (58.9)
14 (46.7)
40 (40.8)
109 (58.6)
167 (67.9)

218 (38.9)
5(16.7)
13 (13.27)
82 (44.1)
118 (48.0)

1988

639 (47.1)
67 (20.8)
119 (36.8)
198 (54.9)
255 (72.7)

320 (50.1)
27 (40.3)
53 (44.5)
87 (43.9)
153 (60.0)

197 (30.8)
8 (11.9)
22 (18.5)
55 (27.8)
112 (43.9)

552 (39.1)
27 (7.9)
88 (23.9)
180 (50.0)

257 (75.6)

330 (59.8)
15 (55.6)
42 (47.7)
105 (58.3)
168 (65.4)

233 (42.2)
5 (18.5)
24 (27.3)
73 (40.6)
131 (51.0)

1992

508 (44.8)
46 (18.7)
126 (36.0)
186 (60.0)
150 (65.8)

232 (45.7)
17 (37.0)
52 (413)
82 (44.1)
81 (54.0)

123 (24.2)
122)
20 (15.9)
54 (29.0)
48 (32.0)

460 (38.0)
22(83)
67 (18.8)
166 (53.4)
205 (74.3)

255 (55.4)
6(27.3)
30 (44.8)
91 (54.8)
128 (62.4)

159 (34.6)
2(9.1)
8(11.9)

54 (32.5)

95 (46.3)

1997/98

408 (42.1)
35 (18.0)
61 (26.5)
161 (48.5)
151 (70.9)

230 (56.4)
12 (34.3)
29 (47.5)
88 (54.7)
101 (66.9)

151 (37.0)
6(17.1)
11 (18.0)
58 (36.0)
76 (50.3)

323 (31.6)
7(3.3)
41 (15.4)
134 (41.1)
141 (65.0)

221 (68.4)
1(14.3)
27 (65.9)
83 (61.9)
110 (78.0)

187 (57.9)
0(0.0)
22(53.4)
64 (47.8)
101 (71.6)

2000/01

457 (45.6)
34(18.2)
69 (30.0)
147 (49.8)
207 (71.1)

284 (62.1)
13 (38.2)
37(53.6)
91 (61.9)
143 (69.1)

191 (41.8)
3(8.9)
17 (24.6)
62(42.2)
109 (52.7)

347 (33.0)
10 (4.7)
37(13.4)
110 (38.6)
190 (68.4)

256 (73.8)
4(40.0)
26 (70.3)
72 (65.5)
154 (81.1)

205 (59.1)
1(10.0)
16 (43.2)
59 (53.6)

129 (67.9)

s statistical significance for linear trend. SBP, systolic blood pressure, DBP, diastolic blood pressure, HT, hypertension.

2007/08

553 (50.2)
43(20.7)
82(32.7)
122 (52.8)
306 (74.3)

378 (68.4)
13 (30.2)
45 (54.9)
82(67.2)
238(77.8)

322(58.2)
4(9.3)
26 (31.7)
72 (59.0)
220 (71.9)

426 (37.3)
16 (6.8)
62(21.9)
124 (41.5)
224(68.7)

304 (71.4)
9(56.3)
36/(58.0)
94 (75.8)
165 (73.7)

251 (58.9)
4(25.0)
26 (41.9)
77 (62.1)
144 (64.3)

2016/17

399 (50.6)
26 (22.4)
66 (33.3)
107 (51.0)
200 (75.8)

290 (74.6)
15 (62.5)
45(68.2)
69 (64.5)
161 (80.9)

241 (60.9)
4(15.4)
31(47.0)
57 (53.3)
149 (74.5)

300 (33.5)
7(4.8)
26 (12.8)
111 (39.4)
156 (59.3)

233(77.7)
6(85.7)
19 (73.1)
78 (70.3)
130 (83.3)

193 (64.8)
1(14.3)
13 (50.0)
67 (60.4)

112 (71.8)

p for trend

Ns
0.0730
0.049
0.009
Ns

<0.001
Ns
<0.0001
<0.0001
<0.0001

<0.001

0.0909
<0.0001
<0.0001
<0.0001

<0.001
ns
<0.001
<0.001
<0.001

<0.001
ns
0.0001
0.0003
<0.0001

<0.001
ns
<0.0001
<0.0001
<0.0001






OPS/images/fcvm-09-1033606-t004.jpg
Men

Control of hypertension (% of all hypertensive patients)

Total, 25-64 y
25-34y
35-4dy
45-54y
55-64y

Total, 25-64 y
25-34y
35-44y
45-54y
55-64y

‘Women

Control of hypertension (% of all hypertensive patients)

Total, 25-64 y
25-34y
35-44y
45-54y
55-64y

Total, 25-64 y
25-34y
35-44y
45-54y

1985 1988 1992
18 (2.8) 33(5.2) 14 (2.8)
0(0.0) 1(1.5) 0(0.0)
2(1.6) 6(5.0) 2(1.6)
9 (4.3) 11(5.6) 8 (4.3)
7 (3.0) 15(5.9) 4(2.7)
Control of hypertension (% of all drug-treated hypertensive patients)
18 (13.1) 33(16.8) 14 (11.4)
0 (0.0) 1(12.5) 0 (0.0)
2 (12.5) 6(27.3) 2 (10.0)
9 (18.0) 11 (20.0) 8 (14.8)
7(10.3) 15 (134) 4(8.3)
29 (5.2) 51(9.2) 28(6.1)
0 (0.0) 2(7.4) 1(4.6)
4(4.1) 8(9.1) 5(7:5)
17 (9.1) 19 (10.6) 9(5.4)
8(3.3) 22(8.6) 13 (6.3)
Control of hypertension (% of all drug-treated hypertensive patients)
29 (133) 51(21.9) 28(17.6)
0 (0.0) 2 (40.0) 1(50.0)
4(30.8) 8(33.3) 5(62.5)
17 (20.7) 19 (26.0) 9(16.7)
8 (6.8) 22(16.8) 13 (13.7)

55-64y

1997/98

50 (12.3)
2(5.7)
5(8.2)

21 (13.0)

22 (14.6)

50 (33.1)
2(333)
5(45.5)
21(36.2)
22(29.0)

70 (21.7)
0(0.0)
10 (24.4)
26 (19.4)
34 (24.1)

70 (37.4)
NA
10 (45.5)
26 (40.6)
34(33.7)

2000/01

60 (13.1)
0(0.0)
6(8.7)

18 (122)

36 (17.4)

60 (31.4)
0(0.0)
6(36.3)
18 (29.0)

36 (33.0)

77 (22.2)
1(10.0)
7(19.0)
26 (23.6)
43 (22.6)

77 (37.6
1(100.0)
7(43.8)
26 (44.1)
43(33.3)

s statistical significance for linear trend; NA, not applicable as no individuals reported medication for hypertension.

2007/08

135 (24.4)
4(93)
11 (134)
37 (30.3)
83 (27.1)

135 (41.9)
4(100.0)
11 (42.3)
37 (51.4)
83 (37.7)

106 (24.9)
1(6.25)
17 (27.4)
33(26.6)
55 (24.6)

106 (42.2)
1(25.0)
17 (65.4)
33 (42.9)
55 (38.2)

2016/17

119 (29.8)
1(3.9)
17 (25.8)
28(26.2)
73 (36.5)

119 (49.4)
1(25.0)
17 (54.8)
28 (49.1)
73 (49.0)

111 (37.0)
0(0.0)
9(34.6)
44 (39.6)
58 (37.2)

111 57.5)
0(0.0)
9(69.2)
44 (65.7)
58 (51.8)

p for trend

<0.001
0.009
<0.0001
<0.0001
<0.0001

<0.0001
0.040
0.0005
<0.0001
<0.0001

<0.001
ns
<0.0001
<0.0001
<0.0001

<0.0001
ns
0.0065
<0.0001
<0.0001











OPS/images/logo.jpg
’ frontiers | Frontiers in Cardiovascular Medicine







OPS/images/cross.jpg
@ Check for updates.





