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ABSTRACT  


Hypertension is one of the major preventable causes of cardiovascular diseases 
 and premature deaths in Finland and worldwide. It is estimated that elevated 
 blood pressure causes over ten million premature deaths annually. Lowering 
 blood pressure effectively prevents premature morbidity and mortality, but the 
 majority of hypertensive patients do not achieve the treatment targets despite 
 multiple effective treatment options. This remains a great challenge for health care 
 and calls for novel approaches to an old problem. 


In this cluster-randomized (randomization in health center level), controlled 
 study, we aimed to test the effectiveness of tailored text message support 
 combined with a checklist for initiation of antihypertensive medication 
 (hereinafter: checklist) in helping primary care patients with newly diagnosed 
 hypertension to achieve blood pressure targets. Other aims of the study were to 
 investigate hypertensive patients’ blood pressure and other risk factor levels, 
 setting (physician) and knowing (patient) an adequate blood pressure target, 
 hypertension-related use of health care services, and perceived health-related 
 quality of life during the first treatment year. We also aimed to collect and analyse 
 feedback from the study patients for future development of interventions. The 
 study population consisted of newly diagnosed primary care hypertensive patients 
 from Central Finland who started antihypertensive medication for the first time. 


We used the information-motivation-behavioral skills (IMB) -model as a theoretical 
 basis for the development of the study interventions. 


In our first report, we demonstrated that 118 newly diagnosed hypertensive 
patients in primary care had significant gaps in their treatment-related knowledge 



(10)and behavioral skills when starting the medication and that the use of a checklist 
 was related to a significant reduction in these gaps. Shortly after the initiation of 
 antihypertensive medication, only 14% of the patients in the control group were 
 able to report the correct blood pressure target in accordance with guidelines, 
 compared with 32% in the intervention group. Moreover, 36% of the patients in 
 the control group did not know when and where the first follow-up appointment 
 was to take place. In the intervention group only 5% of the study patients reported 
 not having a clear agreement on the first follow-up appointment. Altogether, the 
 intervention group had significantly better results in most (7/9) of the 


informational and one of the four behavioral outcomes. Motivation for treatment 
 was similarly high in both study groups, and patients in both groups perceived 
 antihypertensive medication as very necessary. 


In  the  follow-up  reports,  we  showed  that patients considered the use of a 
 checklist and text message support useful and important after the first treatment 
 year. However, only a minority of patients achieved the systolic blood pressure 
 treatment target (28% in the intervention, 31% in the control group) at 12 months, 
 even though office systolic blood pressure decreased 23 mmHg (95% Cl: 17-29) in 
 the intervention group and 21 mmHg (95% Cl: 15-27) in the control group. We found 
 no significant between-group difference in either treatment target achievement or 
 blood pressure levels. The number of antihypertensives and changes in medication, 
 as well as health care service utilization, were also similar in both study groups. 


Further analyses were made with both study groups combined. During the follow-
 up, cholesterol levels and alcohol consumption also decreased modestly, while 
 other risk factors remained the same. Furthermore, health-related quality of life 
 deteriorated slightly in both study groups. 


In conclusion, the findings of this doctoral thesis suggest that checklist use can 
 diminish gaps in treatment-related knowledge and behavioral skills of newly 
 diagnosed hypertensive patients in primary care. Both checklist use and text 
 messages supporting treatment were considered useful by study patients, which 
 did not, however, translate into better blood pressure treatment control compared 
 to the control group. As a whole, hypertension treatment resulted in a reduction of 
 several cardiovascular risk factors at 12-month follow-up, but also in a slightly 
 deteriorated health-related quality of life. 


Keywords: Blood pressure, cardiovascular, checklist, hypertension, primary care, 
risk factors, text messages, treatment control, treatment target, health-related 
quality of life 
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TIIVISTELMÄ 


Kohonnut verenpaine on keskeinen hoidettavissa oleva sydän- ja 


verenkiertoelinsairauksien sekä ennenaikaisten kuolemien riskitekijä Suomessa ja 
 muualla maailmassa. Sen arvioidaan aiheuttavan vuosittain yli kymmenen 


miljoonaa ennenaikaista kuolemaa. Verenpaineen alentaminen ehkäisee 


tehokkaasti ennenaikaista sairastavuutta ja kuolemia, mutta huolimatta lukuisista 
 käytettävissä olevista tehokkaista hoitokeinoista suurin osa verenpainepotilaista ei 
 saavuta hoitotavoitetta. Tämä on terveydenhuollolle suuri haaste, jonka 


ratkaisemiseen tarvitaan uusia lähestymistapoja. 


Tässä ryvässatunnaistetussa (satunnaistaminen terveysasema-tasolla), 
 kontrolloidussa tutkimuksessa tavoitteenamme oli selvittää räätälöidyn 
 tekstiviestituen ja hoidon aloituksen tarkistuslistan vaikutuksia 


perusterveydenhuollon verenpainepotilaiden hoitotasapainon paranemiseen. 


Tutkimuksen tavoitteina oli myös selvittää verenpainepotilaiden verenpaine- ja 
 muita riskitekijätasoja, oikean verenpainetavoitteen asettamista (lääkäri) ja 
 tiedossa olemista (potilas), verenpaineen hoitoon liittyvää terveydenhuollon 
 palveluiden käyttöä sekä potilaiden kokemaa elämänlaatua ensimmäisen 


hoitovuoden aikana. Lisäksi tavoitteena oli kerätä ja analysoida tutkimuspotilaiden 
 palautteita tutkimusinterventioista niiden jatkokehittämisen mahdollistamiseksi. 


Tutkimusjoukko koostui äskettäin verenpainediagnoosin saaneista keski-
suomalaisista perusterveydenhuollon verenpainepotilaista, joille aloitettiin 
ensimmäinen verenpainelääkitys. Tutkimuksen teoreettisena taustana toimi tieto-
motivaatio-käyttäytymistaidot (IMB) -malli. 



(14)Ensimmäisessä tutkimuksessa osoitimme, että 118 vasta diagnosoidulla 
 verenpainepotilaalla oli lääkityksen aloitushetkellä merkittäviä vajeita hoitoon 
 liittyvissä tiedoissa ja käyttäytymistaidoissa eli hoitokäytäntöjen hallinnassa ja että 
 tarkistuslistan käyttö oli yhteydessä merkittävästi pienempiin tieto- ja 


käyttäytymistaitovajeisiin. Heti lääkityksen aloittamisen jälkeen vain 14 % 
 kontrolliryhmän tutkimuspotilaista kykeni ilmoittamaan oikean, suositusten 
 mukaisen verenpainetavoitteen, kun interventioryhmässä siihen kykeni 32 % 
 tutkimuspotilaista. Lisäksi 36 % kontrolliryhmän potilaista ei tiennyt, missä ja 
 milloin lääkityksen sopivuuden tarkistamisen oli tarkoitus toteutua. 


Interventioryhmässä jatkotapaamisesta epätietoisia oli vain 5 %. Kaikkinensa 
 interventioryhmässä oli verrokkiryhmää parempi tulos suurimmassa osassa (7/9) 
 tiedollisista ja yhdessä neljästä käyttäytymistaitoihin liittyvistä muuttujista. 


Motivaatio hoitoon oli molemmissa tutkimusryhmissä yhtä hyvä ja verenpaineen 
 lääkehoidon aloittaminen koettiin kummassakin tutkimusryhmässä hyvin 


tärkeäksi. 


Seurantatutkimuksessa osoitimme, että potilaat pitivät tarkistuslistaa ja 
 tekstiviestitukea hyödyllisinä ja tärkeinä ensimmäisen lääkehoitovuoden jälkeen. 


Kuitenkin vain vähemmistö tutkimuspotilaista saavutti verenpaineen 
 hoitotavoitteen (28 % interventio- ja 31 % kontrolliryhmässä) 12 kuukauden 
 seuranta-aikana, vaikka interventioryhmän potilaiden systolinen verenpaine aleni 
 23 mmHg (95% Cl: 17-29) ja kontrolliryhmän 21 mmHg (95% Cl: 15-27). Ryhmien 
 välillä ei ollut merkitsevää eroa hoitotavoitteen saavuttamisessa tai 


verenpainetasoissa. Myös verenpainelääkkeiden ja lääkevaihdosten määrä sekä 
 terveydenhuollon palveluiden käyttö oli samanlaista kummassakin 


tutkimusryhmässä. Jatkoanalyysit suoritettiin yhdistämällä tutkimusryhmät 
 yhdeksi ryhmäksi. Seuranta-aikana myös tutkimuspotilaiden verenkolesterolitaso 
 ja alkoholinkäyttö alenivat hieman muiden riskitekijöiden pysyessä ennallaan. 


Lisäksi terveyteen liittyvä koettu elämänlaatu heikkeni hieman. 


Tämän väitöskirjatyön tulokset viittaavat kokonaisuutena siihen, että hoidon 
 aloituksen tarkistuslistaa käyttämällä voidaan vähentää uusien 


verenpainepotilaiden sairauteen liittyviin tiedollisia ja käyttäytymistaidollisia 
puutteita.  Tutkimuspotilaat kokivat tarkistuslistan käytön ja hoitoa tukevat 
tekstiviestit hyödyllisiksi, mikä ei kuitenkaan johtanut parempaan verenpaineen 
hoitotavoitteiden saavuttamiseen kontrolliryhmään verrattuna. Kokonaisuutena 
verenpaineen hoito johti useiden sydän- ja verisuonisairauksien riskitekijöiden 
alenemaan 12 kk seuranta-aikana, mutta myös lievään heikkenemiseen koetussa 
terveyteen liittyvässä elämänlaadussa. 
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1 INTRODUCTION  


Elevated blood pressure (BP) increases the risk for cardiovascular diseases and 
 premature death (1,2). When blood pressure reaches the level at which the 
 benefits of treatment outweigh the risks of treatment, the condition is called 
 hypertension (3). Hypertension is estimated to be the most important risk factor 
 for death and disability and to cause 10.4 million deaths annually worldwide (4). 


The more BP is elevated, the more it causes cardiovascular morbidity and 
 mortality (1). However, lifestyle modifications can prevent BP elevation and 
 lowering BP with drugs can effectively prevent cardiovascular complications and 
 deaths (2,3,5,6). A commonly-used BP treatment target has long been under 
 140/90 mmHg (5,7). However, some variations between different guidelines exist 
 and the latest European guidelines recommend lower targets for most of the 
 patients provided that the treatment is well tolerated (3,5).  


Treatment of hypertension is an enormous challenge for health care, as most of 
 the patients with hypertension fail to achieve their BP treatment target (8,9). In 
 Finland, the proportion of patients that achieve the BP target has increased over 
 the past decades, but it is still low, as only 29% of women and 26% of men have 
 sufficient BP control  (10-12). 


The most important reason for poor treatment control is commonly believed to 
 be poor adherence to antihypertensive medication, but clinicians also tend to be 
 non-adherent to guidelines, overestimate BP control and are inclined to be 
 satisfied with inadequate treatment (13-16). Clinical guideline details and health 
 care system characteristics at the population level also have an impact on 
 hypertension treatment control (12-16). 


Patients with hypertension often also have other treatable cardiovascular risk 
 factors that further increase the risk for cardiovascular morbidity and mortality 
 (11,17). These risk factors include alcohol use, hyperglycemia, hyperlipidemia, 
 insufficient physical activity, obesity and smoking. Therefore, modern hypertension 
 treatment does not focus solely on BP level, but on the total risk for cardiovascular 
 diseases and often on multiple risk factors at the same time (3,5). Lately, it has been 
 proposed that the health-related quality of life in hypertension should also be one 
 of the central areas of focus in hypertension treatment and several studies have 
 explored the issue (18-21). 


The following review of literature outlines the definition, epidemiology, 


pathophysiology and cardiovascular risks of hypertension. It also includes sections 



(28)about the other essential cardiovascular risk factors, BP treatment targets, 
 treatment and treatment control of hypertension, quality of life in hypertension 
 and a review of the interventions that aim to enhance the quality of hypertension 
 treatment, focusing especially on the type of interventions used in this study. 


This study aimed to test the effectiveness of a checklist for the initiation of 
antihypertensive medication (hereinafter: checklist) and text message support in 
improving BP control and quality of hypertension treatment in adult primary care 
patients in real world health care settings. Additional purposes of the study were 
to investigate other cardiovascular risk factors, setting (physician) and knowing 
(patient) an adequate BP target, other information-motivation-behavioral skill-
related factors, use of antihypertensive medication, hypertension-related use of 
health care services and perceived health-related quality of life during the first 
year of antihypertensive medication. Finally, we aimed to collect and analyse 
feedback from the study patients for future development of interventions. 



(29)
2 REVIEW OF THE LITERATURE 



2.1 DEFINITIONS 


2.1.1  Blood pressure 


BP is defined by Merriam-Webster medical dictionary as “pressure that is exerted 
 by the blood upon the walls of the blood vessels and especially arteries and that 
 varies with the muscular efficiency of the heart, the blood volume and viscosity, 
 the age and health of the individual, and the state of the vascular wall.” (22,23). BP 
 varies according to heart contractions so that the highest pressure (systolic BP, 
 SBP) can be measured immediately after the contraction of heart and lowest 
 pressure (diastolic BP, DBP) at the time when heart is filling up with the blood 
 between contractions. From historical reasons, BP is commonly measured from 
 the arm and using mercury millimeters (mmHg) as the measurement unit (22). SBP 
 is marked first, followed by the DBP and the readings are divided by the “/” -mark 
 (for example: 130/80 mmHg). 


2.1.2  Hypertension 


Hypertension is defined as “the level of blood pressure (BP) at which the benefits 
 of treatment (either with lifestyle interventions or drugs) unequivocally outweigh 
 the risks of treatment, as documented by clinical trials.” (3). The definition of 
 hypertension has changed over time as our understanding and scientific 
 knowledge have developed (24). Also, as the negative effects of elevated BP 
 increase gradually with increasing BP, making a clear distinction between “normal” 


and “elevated” BP is somewhat artificial (1,2,25,26). In every day health care 
 practice, however, it is practical to translate the definition of hypertension into 
 clear, numerical systolic and diastolic BP level gradings. The practical definition 
 and BP level grading can be found in national and international guidelines that 
 strongly guide the treatment of hypertension. 


In this study, we used the definition of hypertension used in European and 
Finnish national Current Care Guidelines that were valid at that time (>140/90 
mmHg for most individuals and >140/80 mmHg for individuals with diabetes) 
(7,27). In 2020, after the completion of our study, the European and Finnish 
guidelines were updated. In those updates, the general definition of hypertension 
remained the same. However, some other details did change in the update and 



(30)they will be discussed later, where appropriate (3,5). Table 1 outlines the 


classification of BP levels and definitions of hypertension grades according to the 
 Finnish national Current Care Guidelines of 2014 and 2020. The classification is 
 based on office BP measurements (the mean of four double measures on four 
 separate days) (5,27). Table 2 presents the comparable limits for office BP, home 
 BP (the mean of all measures over a 4 - 7-day period; two measurements in the 
 morning and two in the evening or ) and ambulatory blood pressure monitoring 
 (ABPM) readings (the average of BP measures over a defined period, usually 24 h, 
 the device typically programmed to record BP at 15 − 30 min intervals), based on 
 the comparable CV risk (5,27). 


Table 1. The classification of blood pressure levels and definitions of hypertension 
 grades according to Finnish national Current Care Guidelines 2014 and 2020. 


(Adapted from: Hypertension. Current care guidelines. Working group appointed by the 
 Finnish Medical Society Duodecim and the Finnish Hypertension Society 2014 and 
 2020)


Classification 


Systolic office 
 blood pressure 


(mmHg) 


Diastolic office 
 blood pressure 


(mmHg) 


Optimal <120 and <80


Normal  120 – 129  and/or  80 - 84 


High normal  130 – 139  and/or  85 - 90 


Elevated blood pressure 


Mildly elevated  140 – 159  and/or  90 - 99 


Moderately elevated  160 – 179  and/or  100 - 109 


Severely elevated  >180 and/or >110


Hypertensive crisis  >200 and/or >130



(31)Isolated systolic (severity is graded 
 according to systolic blood 


pressure) 


>140  and <90 


Table 2. Definitions of hypertension grades according to office BP, home BP and 
 ambulatory BP monitoring (ABPM) levels. The classification is based on 


comparable cardiovascular disease risk levels. (Adapted from: Hypertension. 


Current care guidelines. Working group appointed by the Finnish Medical Society 
 Duodecim and the Finnish Hypertension Society. 2014 and 2020) 


Classification  Office blood 
 pressure (mmHg) 


Home blood 
 pressure (mmHg) 


ABPM 24 h blood 
 pressure (mmHg) 


Optimal <120/80 <120/80* <115/75 


Normal  SBP 120 – 129 or 
 DBP 80 – 84 


SBP 120 – 124 or 
 DBP 75 - 79 


SBP 115 – 124 or 
 DBP <75 


High normal  SBP 130 – 139 or 
 DBP 85 - 89 


SBP 125 – 134 or 
 DBP 80 - 84 


SBP 125 – 129 or 
 DBP 75 – 79 


Elevated   SBP >140 or 
 DBP >90 


SBP >135 or 
 DBP >85 


SBP >130 or 
 DBP >80 
 At least moderately 


elevated 


SBP >160 or 
 DBP >100 


SBP >145 or 
 DBP >90 


*<120/75 in 2014 guideline 


ABPM: ambulatory blood pressure monitoring; BP: Blood pressure; DBP: Diastolic blood 
 pressure; SBP: Systolic blood pressure 


Office BP level is defined as the mean of four double measures on four separate days. 


Home BP level is defined as the mean of all measures over a 4 - 7-day period (two 
measurements in the morning and two in the evening). ABPM level is defined as the 
average of BP measures over a defined period, usually 24 h (the device is typically 
programmed to record BP at 15 − 30 min intervals). 



(32)2.1.3  Exogenous and secondary hypertension 


Sometimes (5 - 10% of hypertensive patients), hypertension is caused by some 
 other medical condition or exogenous factor. In these cases, hypertension is called 
 exogenous or secondary and BP can often be effectively reduced by treating or 
 eliminating the causing factor. In this study, we excluded patients, who were 
 suspected to have exogenous or secondary hypertension. Hence, this literature 
 review includes only a short review about these conditions. Examples of medical 
 conditions that may cause secondary hypertension include sleep-apnea, renal 
 artery stenosis, renal disease, or common endocrine diseases such as 


hyperaldosteronism or pheochromocytoma. Examples of exogenous factors that 
 may induce increase in BP include several medications, narcotics and use of 
 licorice extract.  (28-30)  


A clinician should consider the possibility of exogenous or secondary 


hypertension especially, if a hypertensive patient is young (<30 years), have low 
 potassium levels, rapid progress of hypertension, treatment resistant 


hypertension or various hypertension-mediated organ damages  (5).  



2.2  EPIDEMIOLOGY OF HYPERTENSION 


2.2.1  Global epidemiology 


The global prevalence of hypertension (based on office BP level 140/90 mmHg or 
 more) was estimated to be 1.13 billion in 2015 (31). The overall global prevalence 
 of hypertension is 30 – 45% in the adult population, which is quite consistent 
 across the world in lower, middle and higher income countries (8). With 
 populations continuously aging, adopting less physically active lifestyles and 
 becoming more and more overweight, the prevalence of hypertension is estimated 
 to increase by 15 – 20% by 2025 (32). 


In high-income countries, the prevalence of hypertension has remained quite 
 the same since the 1980’s. In a 2017 study of 12 high-income countries (Australia, 
 Canada, Finland, Germany, Ireland, Italy, Japan, New Zealand, South Korea, Spain, 
 the UK, and the USA), the overall prevalence of hypertension in the adult 


population (40 – 79 years) ranged from 33% to 52% in women and from 34% to 
59% in men. In a more detailed observation, hypertension prevalence increases 
progressively with advancing age such that in ages 40 – 49 the prevalence ranges 
from 12% to 20% in women and from 10% to 37% in men, whereas in ages 70 – 79 



(33)years, the prevalence is markedly higher, ranging from 61% to 82% in women and 
 from 55% to 77% in men.  Hypertension prevalence in Finland was the highest of 
 all included countries. Of all hypertensives aged 40 – 79 years, only 46 - 87% are 
 aware of their elevated BP and 39 – 81% have treatment for hypertension, with 
 remarkable differences between countries. (12) 


2.2.2  Hypertension epidemiology in Finland 


In 2017, the overall prevalence of hypertension in Finland was 52% in women and 
59% in men (Table 3). The prevalence increases with age such that it is 20% in ages 
40 – 49 and 82% in ages 70 – 79. Awareness and hypertension treatment rates also 
increase with age as presented in Table 3. The burden for the health care system is 
enormous as approximately half of the adult population of Finland has elevated 
BP and about half of them are receiving treatment at the moment. (12) 



(34)Table 3. Prevalence, awareness and treatment of hypertension in Finland in 2017. 


Numbers in parentheses are the 95% confidence intervals.  (Adapted from: NCD 
 Risk Factor Collaboration (NCD-RisC) (2019). Long-term and recent trends in 
 hypertension awareness, treatment, and control in 12 high-income countries: An 
 analysis of 123 nationally representative surveys. Lancet (London, England), 
 394(10199), 639-651.) 


Age group (years)  Prevalence (%)  Awareness (%)  Treatment (%) 
 40 - 49  20 (17 -24)  69 (60 -78)  42 (32 – 52) 
 50 - 59  43 (39 – 47)  76 (71 – 81)  51 (45 – 57) 
 60 - 69  66 (62 – 70)  76 (72 – 80)  58 (53 – 63) 
 70 - 79  82 (79 – 86)  81 (77 – 85)  71 (66 – 76) 



2.3 AETIOLOGY OF HYPERTENSION 


With most individuals, BP increases with age (8,12). The increase in BP is, however, 
 different for every individual and strongly correlated with certain risk factors 
 including high dietary sodium intake, excessive use of alcohol, insufficient physical 
 activity and excess weight (33-36). Genetics also have a large impact on the 


individual risk of hypertension, as the heritability of hypertension is estimated to 
 be 35 – 50% (3,37). A positive family history of early onset hypertension (<55 years) 
 increases the hazard ratio of hypertension to 2 (one parent) or even 3.5 (both 
 parents) (38). However, the role of genetics in hypertension is highly complex as 
 researchers have identified 29 different genetic variants associated with 


hypertension, so far (28). In addition, continuous smoking can raise daytime 
ambulatory BP (39). In absence of these risk factors, it is possible to maintain a BP 
level of 100-110/60-70 mmHg throughout one’s lifetime (40). The most important 
preventable risk factors for hypertension include high dietary sodium intake, 
excessive use of alcohol, insufficient physical activity and obesity. Smoking is not 
included in the most important risk factors of hypertension, since it is only 
associated with higher day-time BP, but not with higher office BP (39). 



(35)2.3.1  High dietary sodium intake 


Our physiological daily need for sodium is 230 mg and daily required minimum 
 intake dose is 575mg (equivalent to 1.5g of salt) (41). The usual dietary intake in 
 modern world tends to be much higher as the usual salt intake ranges globally 
 from 9g to 12g per day with large differences between countries and regions (42). 


According to the National FinnDiet 2017 Survey, the mean daily intake of salt in 
 Finland is 6.9g in women and 9.5g in men (43).  Excessive sodium intake (>5 - 6g, 
 which is equivalent to one teespoon of salt per day) is associated with a high 
 prevalence of hypertension and it seems to accelerate the elevation of BP with age  
 (33). 


2.3.2  Alcohol use 


Excessive alcohol consumption increases usual BP, the prevalence of hypertension 
 and individual’s CVD risk (44,45). Binge drinking has an especially strong effect on 
 BP (46). In general, the high risk limit is considered to be more than 20 g of pure 
 alcohol (about two standard drinks) per day or 12–16 standard drinks per week in 
 women and more than 40 g of pure alcohol (about three standard drinks) per day 
 or 23–24 standard drinks per week in men (47). The threshold for measurable BP 
 increase seems to be even lower, about 24-25 g of pure alcohol/day (48,49). 


For instance, according to 2018 meta-analyses by Roerecke et al., people who 
 drink two or more drinks per day seem to benefit from a reduction in alcohol 
 consumption in terms of BP level. The same threshold seems to apply to both 
 women and for men, and to both healthy individuals and individuals with 


hypertension or other CVD risk factors. It is important to note that after reaching 
 the threshold level, the more people consume alcohol, the more BP increases (49). 


2.3.3  Insufficient physical activity 


Irregular physical activity is clearly associated with elevated BP, whereas regular 
 exercise has been shown to reduce BP (34). According to Finnish and European 
 hypertension guidelines, regular aerobic physical activity has been shown to be 
 beneficial in the prevention and treatment of hypertension, as well as in lowering 
 CV risk and mortality (3,5). 


Regular physical activity is mostly defined as exercising at least three times a 
week. However, it is worth noting that there is no single limit for the duration, 
frequency or intensity of exercise, below which a BP lowering effect would be 
totally absent. It has been demonstrated that training sessions can be effectively 



(36)divided into 10-minute periods; both low- and high-intensity training reduce BP, 
 and that even a single bout of exercise can result in BP reductions that persist for 
 the majority of the day. Furthermore, a large variety of training types are beneficial 
 for preventing and treating hypertension. Aerobic endurance training and dynamic 
 resistance training, as well as isometric training have all been shown to reduce 
 resting SBP and DBP. (34) 


2.3.4  Excess weight  


Both being overweight (body mass index, BMI 25–29.9 kg/m2) and obese (BMI > 


30 kg/m2 ) are associated with an increased risk of CV death and all-cause mortality 
 (50).  Excess weight accounts for 65% to 75% of the risk for essential hypertension 
 and is therefore a major cause of hypertension (51). The risk of hypertension is 
 especially associated with increased visceral adiposity (51). Reducing body weight 
 towards the ideal reduces BP (51). 


There is no clear consensus on optimal BMI in terms of hypertension 
 prevention or treatment, but maintaining a healthy body weight and waist 


circumference is recommended. A healthy body weight is translated to be a BMI of 
 about 20 − 25 kg/m2 in people <60 years of age and higher in people aged 60 years 
 or more. A healthy waist circumference is translated to be <94 cm for men and <80 
 cm for women. (3,50,52) 



2.4  HYPERTENSION AS A CARDIOVASCULAR RISK FACTOR 


Globally, it is estimated that 10.4 million deaths and 218 million disability-adjusted-
 life years can be attributed annually to high SBP. High SBP can thus be ranked as 
 the leading risk factor for death and disability, even above smoking, high fasting 
 glucose and high BMI.(4) 


The proportion of individuals with SBP>140 mmHg has increased substantially 
 worldwide between 1990–2015. It is especially alarming that disability-adjusted life 
 years attributable to SBP>140 mmHg have increased by about 40% since 1990, 
 despite remarkable advances in diagnosis and treatment that have occurred at the 
 same time. SBP-related deaths are most often due to ischaemic heart disease, 
 hemorrhagic stroke and ischemic stroke.(4,25) 


The risk for CV morbidity and mortality increases gradually with increasing 
systolic or diastolic BP level (1,25,26). Both office BP and out-of-office BP are 
independently associated with the incidence of hemorrhagic and ischemic stroke, 
heart failure, myocardial infarction, peripheral artery disease and sudden death, 



(37)as well as end-stage renal disease (1). Hypertension is also associated with an 
 increased risk of developing atrial fibrillation and cognitive decline or dementia 
 (53-55). Thus, BP is a major cause of both atherosclerotic CVD (ASCVD) and non-
 atherosclerotic CVD  (56). 


The increase in risk is continuous, beginning from very low BP levels (SPB >110 
 – 115 mmHg or DBP >70 mmHg) and there is no clear threshold level below which 
 the risk would be eliminated (1,2,25,26). For instance, a usual DBP level that is 5, 
 7.5 or 10 mmHg lower is associated with at least 21%, 29% and 37% less chronic 
 heart disease (CHD) and with at least 34%, 46% and 56% fewer stroke events (26). 



2.5  OTHER FACTORS INFLUENCING CARDIOVASCULAR RISK IN  PATIENTS WITH HYPERTENSION 


Besides elevated BP, hypertensive patients very commonly have other CVD risk 
 factors, too (11,17). Of all 25–64-year-old Finnish hypertensive persons with no 
 antihypertensive medication only 3 - 5% of men and 7 – 17% of women have no 
 other major CVD risk factors, whereas 68 – 77% of men and 49 – 64% of women 
 have three or more major CVD risk factors (smoking, dyslipidemia, family history of 
 CVD, abdominal obesity), diabetes or existing CVD (previous coronary procedure, 
 myocardial infarction or stroke, existing angina pectoris or heart failure (11). 


The clustering of risk factors strongly increases CVD risk (57). Individuals with 
 an optimal risk-factor profile (total cholesterol level <4.7 mmol/mol, SBP 


<120mmHg, DBP <80mmHg, no smoking, no diabetes) have a remarkably lower 
 risk for CV death through the age of 80 than individuals with two or more major 
 risk factors (4.7% vs. 29.6% in men, 6.4% vs. 20.5% in women) (57). A commonly 
 used risk evaluation system, Systematic COronary Risk Evaluation (SCORE), uses 
 age, sex, smoking habits, total cholesterol level and SBP as a basis for the 
 evaluation of the 10-year risk of the first fatal atherosclerotic event (58). SCORE 
 system was recently updated into a SCORE2 (Systemic Coronary Risk Estimation 2) 
 system for persons aged <70 years and SCORE2-OP (Systematic Coronary Risk 
 Estimation 2 -Older Persons) system for persons aged 70 years or more  (59,60). 


The SCORE2 algorithms estimate an individuals’ 10-year risk of, not only fatal, but 
also non-fatal CVD events (myocardial infarction or stroke). The risk factors 
included in the calculation are the same as in SCORE, with the execption that total 
cholesterol level is replaced by non-HDL-C level (total cholesterol minus LDL-C). In 
addition, SCORE2 and SCORE2-OP algorithms can be tailored for low, moderate, 
high or very high risk populations, Finland considered as moderate-risk country. 



(38)However, these new risk estimations systems were not published at the time this 
 study was conducted and, thus, they were not used in the study analyses or 
 reporting.   


The commonly used risk evaluation tool in Finland, FINRISKI, estimates the 10-
 year risk of acute myocardial infarction (AMI) or severe stroke in relation to age, 
 sex, total cholesterol level, high-density lipoprotein cholesterol (HDL-C) level, 
 smoking status, SBP, existence of diabetes and family history of AMI (61).  


In addition to these major risk factors included in the systematic risk evaluation 
 systems, there are multiple other factors that influence the CVD risk of 


hypertensive patients, as illustrated in table 4. Table 4 also demonstrates the 
principles for CVD risk estimation in hypertensive patients based on 2018 ESC/ESH 
guidelines for the management of arterial hypertension and 2021 ESC Guidelines 
on cardiovascular disease prevention in clinical practice, including only such risk 
factors that are recommended in both guidelines. It is essential to notice that 
patients with documented CVD, chronic kidney disease (stages 3–5), diabetes or 
very high levels of individual risk factors are automatically considered to be at a 
high or very high risk of CVD, without a formal risk estimation. (3,62) 



(39)Table 4. Cardiovascular risk estimation in patients with hypertension.  


 (Adapted from:  Williams, B., Mancia, G., Spiering, W., Agabiti Rosei, E., Azizi, M., 
 Burnier, M., et al. (2018). 2018 ESC/ESH guidelines for the management of arterial 
 hypertension and Visseren, F., Mach, F., Smulders, Y., Carballo, D., Koskinas, K., Bäck, 
 M., et al (2021). 2021 ESC Guidelines on cardiovascular disease prevention in clinical 
 practice.)  


Main risk factors 
 (included in SCORE, SCORE2 
 and SCORE2-OP evaluation systems) 


Age 


Sex 


Ethnicity 


Smoking habits 
 Total cholesterol (SCORE) 


Non-HDL cholesterol (SCORE2 and SCORE2-OP) 
 Systolic blood pressure 


Other risk factors, 


risk modifying factors and clinical conditions 
 Asymptomatic HMOD (for example LVH or retinopathy) 


Overweight or obesity 


Psychosocial and socioeconomic factors (for example psychosocial stress, 
 loneliness or low socioeconomic status) 


Heart failure 


Presence of atheromatous plaque on imaging 



(40)Family history of premature CVD (men aged <55 years and women aged <65 
 years) 


Mild CKD (Stages 1-2) or albuminuria 


Atrial fibrillation or other arrhythmia 


Heart failure 


COPD 


Inflammatory conditions (for example rheumatoid arthritis) 


Infections (for example periodontal disease or human immunodeficiency virus) 


Sleep disorders and obstructive sleep apnoea 


Major psychiatric disorders 


Previous hypertension in pregnancy/pre-eclampsia 


Erectile dysfunction 


Patient groups considered to be at high or very high risk of CVD without a 
 formal risk estimation 


Patients with documented CVD 


Patients with documented CKD (stages 3-5) 


Patients with DM1 or DM2 


Patients with very high levels of individual risk factors 


CKD = chronic kidney disease; COPD = Chronic obstructive pulmonary disease); 


CVD = cardiovascular disease; DM1 = Diabetes mellitus type 1; DM2 = Diabetes 
mellitus type 2; HDL = high-density lipoprotein; HMOD = hypertension-mediated 
organ damage; LVH = left ventricular hypertrophy; SCORE = Systematic COronary 
Risk Estimation; SCORE2 = Systemic Coronary Risk Estimation 2; SCORE2-OP = 
Systematic Coronary Risk Estimation 2 -Older Persons. 



(41)2.5.1  Treatable and non-treatable risk factors  


Among the risk factors influencing the total CVD risk of hypertensive patients, 
 there are multiple factors that cannot be modified. For example, older age and 
 being male are both individual factors that increase CVD risk and older people are 
 invariably at high absolute CVD risk (57,63). These are important factors to be 
 considered as part of the total CVD risk estimation, but they cannot be treated. 


However, we are able to modify and treat other risk factors such as elevated blood 
 cholesterol or blood glucose and smoking. The most important of these “treatable” 


risk factors are introduced in more detail in Chapter 2.6.1.2 (Lifestyle treatment 
 and other treatment targets). 



2.6  TREATMENT OF HYPERTENSION 


The treatment of hypertension can be divided into two strategies: lifestyle 
 treatment and drug treatment. The main target in hypertension treatment is the 
 prevention of premature death, as well as CV and renal morbidity, via good BP 
 control. Besides BP, there are several other treatment targets regarding the 


control of other risk factors: blood cholesterol, blood glucose, diet, weight, physical 
 activity, smoking and alcohol use. Treatment of hypertension should also be well 
 tolerated and not compromise patients’ quality of life due to, for example, side 
 effects of medication. (3,5) 


Each treatment target is introduced in this chapter, including an introduction to 
 the relevant lifestyle and drug treatment. 


2.6.1  Blood pressure treatment 
 2.6.1.1  Blood pressure target 


At the time this study was conducted, the Finnish hypertension guideline 2014 
 recommended a general BP treatment target of <140/90mmHg for office BP and 


<135/85 mmHg for home BP. A personal BP target was to be modified for 
 individuals with diabetes, nephropathy and for patients >80 years of age. (27) 


Likewise, the general office BP target in the European hypertension (2013) 
 guideline was <140/90 mmHg. However, the European guideline suggested an 
 office BP target of <140/85 mmHg for individuals with diabetes, a BP target of 


<140/90 mmHg for fit elderly patients less than 80 years, a BP target of 140 – 
150/<90 mmHg for other elderly patients less than 80 years and for patients 80 



(42)years or more if the initial SBP is >160 mmHg and the patient is in good physical 
 and mental condition. (7) 


In 2017, after the completion of our study, the North American AHA hypertension 
 guideline was updated, with remarkable changes in BP targets. In the new 


guideline, the general target for all patients (including older patients and patients 
 with low CVD risk), is recommended to be <130/80 mmHg. (64) 


A year later, in 2018, the European ESC/ESH guidelines for the management of 
 arterial hypertension also updated the recommendations for BP targets. The 
 approach is more conservative and the first objective for all patients is still to 
 lower BP to <140/90 mmHg. However, if the treatment is well tolerated, the new 
 European guideline recommended that treated BP should aim for 130/80 mmHg 
 or lower. Exceptions to this rule were as follows: 1) older patients (65 years or 
 more) whose SBP target range is between 130 and 140 mmHg and DBP below 80 
 mmHg and 2) patients with diabetes receiving antihypertensive medication, whose 
 SBP target range is 130 mmHg or lower. Furthermore, visit-to-visit BP variability 
 should be diminished, if possible. The target SBP should not be <120 mmHg in any 
 patient group. (3) 


In 2020, the Finnish Hypertension guideline was also updated with some 
 changes for the BP target setting. The approach for target setting was very similar 
 to the recent European guideline update and the general primary BP target 


remained the same. Table 5 presents the BP treatment targets in Finnish 2014 and 
 2020 hypertension guidelines.(5,27) 


Table 5. Blood pressure treatment targets according to 2014 and 2020 Finnish 
 hypertension guidelines. 


Patient group 


Ofiice BP 
 target 
 (mmHg) 


Home BP 
 target 
 (mmHg) 


Notes 


General <140/90 <135/85 


Also in 2020 guideline: Office BP target 


<130/80 mmHg (<125/80mmHg at 
 home) if CV risk is high (existing CVD 
 or FINRISKI >10%) and the treatment is 


well tolerated 
 Individuals with 


diabetes  <140/80 <135/75 Also in 2020 guideline: Office BP target 


<130/80 mmHg (<125/80mmHg at 



(43)(<135/80 in 
 2020 
 guideline) 


home) if the treatment is well 
 tolerated 


Albuminuria 
  (U-Alb >300 mg/day 


or U-Alb/Krea > 30 
 mg/mmol) 
 In 2020 guideline 


also:  


Chronic kidney 
 disease (eGFR <60 


ml/min/1.73m2 


<130/80 


<125/75 
 (<125/80 in 


2020 
 guideline) 


In 2020 guideline: The target applies 
 only if the treatment is well tolerated 


Older patient  


(80 years or more)  <150/90 <140/85 


In 2014 guideline: Stay above 130/70 
 mmHg. In 2020 guideline: Lower 
 individual target may be justified. 


BP = Blood pressure, eGFR = Estimated glomerulus filtration rate 


2.6.1.2  Lifestyle treatment and other treatment targets 


Healthy lifestyle choices can prevent or delay the onset of hypertension and can 
 reduce individuals’ CVD risk. Salt restriction, moderation of alcohol consumption, 
 high consumption of vegetables and fruits, regular physical activity, weight 


reduction and maintaining an ideal body weight have been proven to reduce BP. In 
 addition, smoking cessation reduces CVD risk remarkably and can lower daytime 
 ambulatory BP. (3,5) 


2.6.1.2.1  Dietary sodium restriction 


Excessive sodium intake is associated with higher hypertension prevalence and it 
 seems to increase the age-related elevation of BP (33). Sodium restriction (∼1.75 g 
 sodium per day, equivalent to 4.4 g salt/day) has been shown to lower mean BP 
 4.2/2.1 mmHg among individuals without and 5.4/2.8 mmHg among individuals 
 with hypertension (65). The association of reduced sodium intake with decreased 
 CVD mortality is less clear, and there is some evidence that very low salt intake 
 might even increase the risk for CVD (66,67). Overall, the evidence advocates 
 dietary sodium restriction for the prevention and treatment of hypertension. 


Finnish and European hypertension guidelines recommend a maximum daily salt 
intake limit of 5 – 6 g (equivalent to about 1 teaspoon a day) for both women and 



(44)men, which can be achieved by avoiding salt-rich foodstuffs and not adding salt 
 when cooking, as well as choosing low-salt bread, meat, fish, cheese and other 
 products (5,43). 


2.6.1.2.2  Moderation of alcohol use 


Excessive alcohol consumption, especially binge drinking, increases usual BP, the 
 prevalence of hypertension and individual’s CVD risk (44-46)Reduction of alcohol 
 consumption has been shown to reduce BP by 3/2 mmHg on average and it seems 
 to be beneficial for general CV health, too, even for light-moderate drinkers (45). 


According to Finnish national hypertension guidelines 2014 and 2020, 


hypertensive men should consume less than 14 standard drinks (160g) per week, 
 hypertensive women less than 9 standard drinks (100g) per week, and all patients 
 should limit alcohol use to a maximum of 5 standard drinks (55g) per day, which is 
 a high risk limit for alcohol consumption in one sitting (5,27). Regarding the 


threshold for daily alcohol use, there is quite strong evidence that all individuals 
 drinking two drinks or more per day seem to benefit from a reduction in alcohol 
 consumption in terms of BP level and should be advised to reduce alcohol 


consumption. The same threshold applies for both women and for men, and both 
 for healthy individuals and for individuals with hypertension or other CVD risk 
 factors (48,49). 


It is worth noting that the recommended limits for individuals with 


hypertension are somewhat lower than the general high risk limits for alcohol use. 


The general limits are considered to be more than two standard drinks per day or 
 12–16 standard drinks (140–190 g) per week for women and more than three 
 standard drinks per day or 23–24 standard drinks (270–290 g) per week for men 
 (47). 


2.6.1.2.3  Other dietary changes 


A healthy diet containing plenty of vegetables, berries and fruits (>500 g/day), as 
 well as low-fat dairy products and whole-grain products can reduce BP. Additional 
 reduction may be gained by a diet rich in potassium, calcium, and fish oil. 


Hypertensive patients should be advised to ensure a sufficient intake of potassium 
 by using more whole-grain products, vegetables, berries and fruits. Sufficient 
 calcium intake can be ensured by daily use of dairy products or a 1,000 mg 


calcium-tablet per day. A fat-healthy diet can be ensured by choosing low-fat dairy 



(45)products, using margarin and vegetable oils in moderation and eating fish twice a 
 week (or using rapeseed oil or rapeseed oil-based margarin) (68-70). 


2.6.1.2.4  Regular physical activity 


Regular physical activity reduces BP (34). In a recent meta-analysis of studies in 
 general populations aerobic endurance training, dynamic resistance training, and 
 isometric training were all shown to reduce resting SBP and DBP by 3.5/2.5, 
 1.8/3.2, and 10.9/6.2 mmHg, respectively (34)Regarding endurance training, the 
 average BP net change of -3.0/-2.4mmHg was obtained with endurance training 
 programs involving exercise for an average of 40 minutes/session, three 


times/week and 65% of the person’s heart rate (HR) reserve (HR reserve is counted 
 by adding the percentage of the difference between HRand resting HR to the 
 resting HR) (34).  


Finnish and European hypertension guidelines recommend regular, moderate-
 intensity dynamic aerobic exercise at least 150 minutes per week (for example, 
 walking, jogging, cycling or swimming 30 minutes on 5 days per week) for both the 
 prevention and treatment of hypertension. Increasing aerobic physical acitivity to 
 300 minutes per week of moderate intensity or 150 minutes per week of vigorous 
 intensity aerobic physical activity will produce added health benefits in healthy 
 adults (3,5). 


2.6.1.2.5  Weight reduction and maintaining ideal weight 


Reducing weight towards one’s ideal weight reduces BP (51). Losing an average of 
 5.1 kg of excess weight reduces the BP of hypertensive individuals by 4.4/3.6 
 mmHg on average and can improve the efficacy of antihypertensive medications 
 (35). Finnish national hypertension guidelines 2014 and 2020 recommend 5 - 10% 


weight loss for overweight (BMI 25–29.9 kg/m2) or obese (BMI > 30 kg/m2) 
 hypertensive individuals (5,27) 


2.6.1.2.6  Smoking cessation 


Smoking is associated with higher daytime BP, but not with higher office BP (39). 


However, considering the unquestionable overall positive health impact of 
smoking cessation, it should be advised for all hypertensive patients (56). Advise 



(46)should include the use of smokeless tobacco, as some smokeless tobacco 
 products are also associated with increased risk of CVD  (71).   


2.6.1.3  Antihypertensive medication 
 2.6.1.3.1  Rationale for medication 


In addition to lifestyle treatment, most patients with hypertension will require and 
 benefit from drug treatment (3,5). The beneficial effects of antihypertensive 
 medications are extremely well established. In two recent meta-analysis including 
 randomized controlled trials (RCT) from several decades and hundreds of 


thousands of patients, it was concluded that every 10 mmHg pharmacological 
 reduction in SBP or 5 mmHg reduction in DBP is associated with reductions in all-
 cause mortality by 10-15%, all major CV events by ∼20%, stroke by ∼35%, coronary 
 events by ∼20%, and heart failure by ∼40% (2,72). The European hypertension 
 guideline surmises that these relative risk reductions are irrespective of age, sex, 
 ethnicity, comorbidities, total CVD risk or baseline BP within the hypertensive 
 range (3). However, in the meta-analysis by Ettehad et al., the authors came to a 
 conclusion that proportional risk reductions differ by baseline disease history of 
 diabetes and chronic kidney disease (CKD), for which risk reductions were smaller, 
 but still significant (2). Furthermore, in another recent meta-analysis by Brunström 
 et al., the association of drug treatment with reduced mortality were similar in 
 trials with a baseline SBP of 160 mmHg or more (RR, 0.93; 95% CI, 0.87-1.00) and 
 trials with a baseline SBP of between 140 – 159 mmHg (RR, 0.87; 95% CI, 0.75-1.00), 
 but the association with major CV events was weaker in trials with a baseline SBP 
 between 140 – 159 mmHg (RR, 0.88; 95% CI, 0.80-0.96) than in patients with a 
 baseline SBP of 160 mmHg or more (RR, 0.78; 95% CI, 0.70-0.87) (73). One meta-
 analysis included calculations of absolute risk reductions by BP lowering by drugs 
 in hypertensive patients as follows: for every 1,000 patients treated for 5 years, 17 
 (95% CI 14- 20) strokes, 28 (95% CI, 19 - 35) cardiovascular events, and 8 (95% CI, 4 
 -12) deaths are prevented (72). Regarding the protective effect against CKD, the
 evidence is weaker with some, but not all, RCTs showing a protective effect of
 pharmacological BP lowering on the progression of CKD (2).


2.6.1.3.2  Initiation of antihypertensive medication 


According to Finnish national hypertension guidelines 2014 (current at the time, 
when the study was conducted), antihypertensive medication should be initiated if 



(47)BP remains high despite lifestyle interventions (5,27). The timing of a possible 
initiation of medication is advised to be determined based on the BP level and 
existence of CVD, DM, CKD or hypertension-mediated organ damage (HMOD) at 
the time of diagnosis (Table 6).



(48)Table 6. Timing of the initiation of antihypertensive medication, according to 
 Finnish hypertension guidelines 2014 and 2020. 


Baseline 
 Office BP 
 (mmHg) 


Baseline 
 Home BP 
 (mmHg) 


Initiation of medication  


≥180/110  ≥165/100  Guideline 2014 and 2020: Immediately 


≥160/100  ≥145/90 


Guideline 2014:  


‐  Immediately if symptomatic CVD or CKD. 


‐ Others: If lifestyle treatment proves insufficient 
 in a 1 – 2-month follow-up.  


Guideline 2020:  


‐  Home BP >145/90 mmHg: Immediately. 


‐  Office BP >160/100 mmHg: Immediately if 
 symptomatic CVD or CKD and patients with 
 HMOD. Others: If lifestyle treatment proves 
 insufficient in a 3-month follow-up 


≥140/90  ≥135/85 


Guideline 2014:  


‐  Immediately if symptomatic CVD or CKD 


‐  Individuals with diabetes and patients with 
 HMOD: If lifestyle treatment proves insufficient 
 in 1 - 4-month follow-up  


‐  Others: If lifestyle treatment proves insufficient 
 in 4 - 6-month follow-up 


Guideline 2020:  


‐  Immediately if symptomatic CVD or CKD and 
 patients with HMOD.  


‐  Others: If lifestyle treatment proves insufficient 
 in 3 - 6-months follow-up. 


BP: Blood pressure, CKD: Chronic kidney disease, CVD: Cardiovascular disease, HMOD: 


Hypertension-mediated organ damage 
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