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Résumé 

L'hypertension est un facteur de risque mondial majeur qui touche environ 23 % de la 

population canadienne. Si elle n'est pas diagnostiquée et traitée adéquatement, l'hypertension 

artérielle entraînera des complications affectant le cœur, le cerveau ou les reins. Le diagnostic 

et le traitement de l'hypertension dépendent en grande partie d'une mesure valide de la pression 

artérielle (PA). Les lignes directrices d'Hypertension Canada préconisent l'utilisation de 

méthodes de la mesure de la PA standardisé, à savoir à domicile (MPAD), ambulatoire (MAPA), 

en clinique (MPAC) et en clinique oscillométrique en série (MPAC-OS) pour la prise en charge 

de l'hypertension. Ces méthodes de mesure de la PA ont été étudiées de façons indépendantes 

en ce qui concerne les connaissances, la perception ou la pratique, mais pas systématiquement 

et seulement partiellement au Canada. Les professionnels de la santé, à savoir les médecins, les 

infirmières et les pharmaciens, jouent un rôle important dans la mesure de la PA et, par 

conséquent, une image plus claire de leurs connaissances, de leur perception et de leur pratique 

est nécessaire. L'objectif de cette étude était ainsi d'évaluer les connaissances, la perception et 

la pratique des médecins, infirmières et pharmaciens de travail en milieux de soins primaires à 

travers le Québec concernant les quatre méthodes de mesure de la PA. 

Pour identifier la littérature publiée sur ce sujet, une revue de la portée a été réalisée 

évaluer systématiquement la littérature pour les quatre méthodes de la mesure de la PA en regard 

des trois concepts pour les professionnels de la santé. Lorsque les résultats rapportés des études 

individuelles étaient supérieurs à 50%, les études étaient classées comme adéquates pour les 

connaissances, positives pour la perception et satisfaisantes pour la pratique. Au total, 72 études 

ont été identifiées. Les résultats ont montré que les perceptions des professionnels de la santé 

étaient positives, mais que leurs connaissances étaient insuffisantes et leur pratique 

insatisfaisante, et que les infirmières et les pharmaciens demeurent sous-étudiés. Ceci est le 

premier article de la thèse, et il a été publié. Une étude descriptive a été menée pour évaluer les 

connaissances, la perception et la pratique les professionnels de la santé concernant la mesure 

de la PA tant en clinique qu’en ambulatoire. À l'aide des lignes directrices d'Hypertension 

Canada et de la littérature pertinente, un questionnaire élaboré par la chercheure a été formulé 
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et traduit en anglais et en français, puis validé par un panel de quatre experts dans le domaine 

de l'hypertension. 

La population de l’étude concernait tous les médecins, infirmières et pharmaciens 

exerçant en soins primaires au Québec ont été sélectionnés pour cette étude. Le recrutement des 

participants a été réalisé en collaboration avec leurs associations professionnelles respectives. 

Les médecins et pharmaciens ont été recrutés via la lettre d’information mensuelle de leurs 

associations, tandis qu'une invitation personnalisée a été envoyée par courriel aux infirmières. 

Un lien vers une plateforme sécurisée suivi de deux rappels a été transmis aux participants. La 

collecte des données a eu lieu entre novembre 2019 et janvier 2020. Un certificat d'éthique a été 

obtenu de l'UQTR. Les données ont été analysées à l'aide de statistiques descriptives comprenant 

la fréquence, le pourcentage, la moyenne et les écart types. 

Quant aux résultats, un total de 453 infirmières a participé au sondage. Le score global 

des connaissances était inférieur à 50%, ce qui a été jugé insuffisant. Cependant, le score global 

pour la perception était supérieur à 50%, ce qui montre leur accord sur l'utilité des méthodes la 

mesure de la PA pour la gestion de l'hypertension. La pratique n'était pas satisfaisante pour les 

méthodes ambulatoires, en particulier dans les domaines de l'éducation dispensée aux patients 

mais également des conseils dispensés. Une légère évolution dans l’utilisation des dispositifs 

oscillométriques plutôt que les mesures manuelles a été observée. Cependant, au Canada, 

l'MPAC-OS, qui est la méthode préférée en clinique, n'est utilisée de façon routinière que par 

un quart des infirmières. Il s’agit du deuxième article de la thèse. Pour les résultats des médecins 

et des pharmaciens, un total de 45 médecins et 30 pharmaciens ont participé à l'enquête. Leur 

score global de perception était supérieur à 50%, tandis que le score global de connaissance était 

légèrement supérieur à 50%, ce qui est assez adéquat. La pratique était assez satisfaisante pour 

toutes les méthodes de mesure de la pression artérielle. Cependant, un pourcentage substantiel 

de médecins (32%) et de pharmaciens (7%) utilisent encore l'auscultation manuelle comme 

méthode de routine en clinique, tandis que seulement 13% des médecins et 3% des pharmaciens 

utilisent la méthode MPAC-OS. 

À notre connaissance, il s'agit de la première étude au Québec à dresser un portrait 

complet de la connaissance, de la perception et de la pratique les professionnels de la santé pour 
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les quatre méthodes la mesure de la PA. Les résultats de l'examen de portée ont mis en évidence 

qu'une connaissance inadéquate et une pratique insatisfaisante des méthodes de la mesure de la 

PA restent une préoccupation majeure dans le monde.  Le fait est que les infirmières et les 

pharmaciens ont été peu étudiés, bien qu'une approche d'équipe multidisciplinaire soit fortement 

encouragée pour la gestion de l'hypertension. Les résultats pour les médecins, les infirmières et 

les pharmaciens soulignent que les connaissances et la pratique sont sous-optimales et doivent 

être améliorées. La généralisabilité des résultats est cependant limitée pour les médecins et les 

pharmaciens en raison de l'échantillon limité. Ces résultats pourraient aider à planifier d'autres 

stratégies pour mettre en œuvre la certification la mesure de la PA, guider l'application des 

connaissances, mener d'autres recherches à travers le Canada pour obtenir une vue d'ensemble, 

identifier les obstacles en la mesure de la PA et aider à combler le fossé entre les lignes 

directrices et la pratique. Les efforts d'Hypertension Canada et d'autres sociétés d'hypertension 

pour fournir des ressources éducatives et des outils aux professionnels de la santé sont louables. 

Il faut donc s'assurer que les ressources disponibles sont mises en œuvre et que la formation 

continue est encouragée. 

 

Mots clés : connaissances, perception,  pratique, infirmière, médecin, pharmacien, monitorage 

ambulatoire de la pression artérielle, mesure de la pression artérielle à domicile, mesure de la 

pression artérielle en clinique, mesure de la pression artérielle en clinique - oscillométrique en 

série, détermination de la pression artérielle. 
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Abstract 

Hypertension is a leading global risk factor affecting approximately 23% of the Canadian 

population. If not diagnosed and treated accurately, hypertension will lead to complications 

affecting the heart, brain, or kidneys. The diagnosis and treatment of hypertension depend 

largely on accurate blood pressure measurement (BPM). Hypertension Canada Guidelines 

recommend using standardized BPM methods, namely home (HBPM), ambulatory (ABPM), 

office (OBPM), and automated (AOBP) for hypertension management. These BPM methods 

have been studied independently concerning either knowledge, perception, or practice, but not 

systematically and only partially in Canada. Health professionals (HPs), namely the physicians, 

nurses, and pharmacists, play a significant role in BPM, and therefore a clearer picture of their 

knowledge, perception, and practice is needed. The objective of this study was to assess the 

knowledge, perception, and practice of the physicians, nurses, and pharmacists working in the 

primary care settings across Quebec concerning the four BPM methods.  

To identify the published literature on this topic, a scoping review was performed that 

systematically appraised the literature for the four BPM methods and three concepts for HPs. 

When results reported from individual studies were above 50%, studies were classified as 

adequate for knowledge, positive for perception, and satisfactory for practice. A total of 72 

studies were identified. The results showed that health professionals' perceptions were positive, 

but their knowledge was inadequate, the practice was unsatisfactory, and nurses and pharmacists 

remained understudied. This is the first article of the thesis, and it was published. A descriptive 

study was conducted to assess knowledge, perception and practice of HPs concerning 

ambulatory and clinic BPM methods. Using Hypertension Canada Guidelines and relevant 

literature, an investigator-initiated questionnaire was formulated and translated in English and 

French and further validated by a panel of four experts in the field of hypertension. All registered 

physicians, nurses, and pharmacists practicing in primary care across Quebec were selected for 

this study. Recruitment of participants was executed in collaboration with their respective 

professional associations. Physicians and pharmacists were recruited through the monthly 

newsletter of their associations, while a personalized invitation was sent by email to nurses. A 

link to a secured platform followed by two reminders was provided to participants. Data 
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collection took place between November 2019-January 2020. An ethical certificate was 

obtained from UQTR. Data was analyzed using descriptive statistics including frequency, 

percentage, mean and standard deviation.  

As for results, a total of 453 nurses participated in the survey. The overall knowledge 

score was below 50%, which was considered inadequate. However, the overall perception score 

was above 50%, showing their agreement on the usefulness of BPM methods for hypertension 

management. The practice was unsatisfactory for HBPM and ABPM methods, especially in the 

areas of education and frequency of recommending it to patients, while a slight change from 

manual auscultation to the oscillometric device is observed. However, in Canada, AOBP, which 

is the preferred method in-clinic, is used routinely only by a quarter of the nurses. This is the 

second article of the thesis. For the results of physicians and pharmacists, a total of 45 physicians 

and 30 pharmacists participated in the survey. Their overall perception score was above 50%, 

while the overall knowledge score was slightly above 50%, which is fairly adequate. The 

practice was somewhat satisfactory for all BPM methods. However, a substantial percentage of 

physicians (32%) and pharmacists (7%) use manual auscultation as a routine in-clinic method, 

while only 13% of physicians and 30% of pharmacists use the AOBP method. 

To our best knowledge, this is the first study in Québec and Canada to depict a complete 

picture of the knowledge, perception, and practice of HPs for all four BPM methods. The results 

of the scoping review highlighted that inadequate knowledge and unsatisfactory practice of 

BPM methods remain a major concern worldwide. The fact is that the nurses and pharmacists 

were understudied, although a multidisciplinary team approach is strongly promoted for the 

management of hypertension. The results for physicians, nurses, and pharmacists highlight that 

the knowledge and practice are suboptimal and need improvement. However, the 

generalisability of the results is limited for physicians and pharmacists due to the limited sample.  

These findings could help plan further strategies to implement BPM certification, guide in 

knowledge translation, conduct further research across Canada to get a larger picture, identify 

barriers in BPM, and help bridge the gap between guidelines and practice. The efforts of 

Hypertension Canada and other hypertension societies to provide educational resources and 
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tools for HPs are commendable. Therefore, it must be ensured that the available resources are 

implemented, and that continuing education is encouraged.  

Keywords: knowledge, perception, practice, nurse, physician, pharmacist, ambulatory blood 

pressure monitoring, home blood pressure monitoring, automated office blood pressure 

measurement, blood pressure determination. 
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Introduction 

This doctoral thesis consists of 8 chapters. Chapter 1 covers the research problem and 

its objectives. Chapter 2 covers the literature review that includes hypertension, the 

pathophysiology of hypertension, management of hypertension, blood pressure measurement 

(BPM) evolution, the importance of BPM methods in hypertension management, the diagnostic 

algorithm in Canada, recommendations concerning BPM methods, sources of errors during 

BPM, educational interventions on BPM, the role of the nurse in hypertension management, the 

role of health professionals (HP) in BPM and the conceptual framework adopted for this 

research. Chapter 3 covers the first article of the research on literature review entitled: 

Knowledge, Perception and Practice of Health Professionals Regarding Blood Pressure 

Measurement Methods: A Scoping Review, which is published in the Journal of Hypertension. 

Chapter 4 covers the methodology of the research. Chapter 5 covers the second article of the 

research entitled: Knowledge, Perception and Practice of Québec Nurses for Ambulatory and 

Clinic Blood Pressure Measurement Methods: Are We There Yet? which is published in the 

Journal of Hypertension. Chapter 6 covers the results of physicians and pharmacists entitled: 

Knowledge, Perception and Practice of Québec physicians and pharmacists for Ambulatory and 

Clinic Blood Pressure Measurement Methods. Chapter 7 covers a general discussion, limits, 

strengths, and recommendations for education, practice, and research. Finally, chapter 8 

concludes this thesis. 
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Chapter 1. Research problem 

Background 

Cardiovascular diseases are the leading cause of death worldwide, accounting for more 

than 17,3 million deaths annually in 2013 and expect to rise by more than 50%  by the end of 

the next decade (Benjamin et al., 2017; Stanaway et al., 2018). Hypertension is the leading 

global risk factor accounting for 9,4 million deaths annually and 7% of the disability-adjusted 

life years (DALYs) (Lim et al., 2012). In 2000, 1 out of 6 world's adult population aged 20 years 

and above had hypertension which increased by 7,7% in 2010 and is predicted to grow by 50% 

by 2050 (Kearney et al., 2005; Mills et al., 2016). In 2010, a total of 31% of the global adult 

population (32% among men and 30% among women); had hypertension defined as systolic 

blood pressure (SBP) ≥140 mmHg and diastolic blood pressure (DBP) ≥90 mmHg (Mills et al., 

2016); while in 2015, 24% men and 20% women had hypertension (Zhou et al., 2017). Also, 

the prevalence of hypertension was higher in the low- and middle-income countries (LMICs) 

(32%, 1.04 billion people) as compared to high-income countries (HICs) (29%, 349 million 

people) (Mills et al., 2016; Mills, Stefanescu, & He, 2020). Despite the increase in prevalence, 

the proportion of hypertension awareness, treatment, and control is considerably lower in 

LMICs than HICs (Geldsetzer et al., 2019; Mills et al., 2020). Recent global data reported that 

among the 34% with hypertension, 59% were aware of their diagnosis, 55% were treated, 32% 

were controlled, while 32% had never had their BP measured before (Beaney et al., 2020).  

In Canada, approximately 23% of the adult population [24,3% women and 21,7% men] 

have been diagnosed with hypertension (Robitaille et al., 2012). The Canadian rates for 

hypertension awareness, treatment, and control are highest in the world and have significantly 

increased from 13,2% to 64,6% between 1992 and 2007, and the rate continued to grow to 68,1% 

in 2013  (McAlister et al., 2011; Padwal, Bienek, McAlister, & Campbell, 2016). This attributed 

to various health strategies that include a well-funded medical and public health system, efforts 

of health care organizations and professionals to reduce the burden of hypertension, the presence 

of annually updated Hypertension Canada guidelines, and a robust implementation framework 

for these guidelines, the efficacy of knowledge translation about hypertension, its diagnosis, and 
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treatment (Campbell & Chen, 2010; Campbell & Feldman, 2016; Schiffrin et al., 2016). Even 

with these significant improvements, hypertension remains uncontrolled in >30% of individuals, 

and about 16% of individuals are unaware of their high BP, thus susceptible to health 

complications (Padwal et al., 2016). Furthermore, despite the achievements, the hypertension 

awareness, treatment and control rates in Canada declined substantially between 2007-2017 and, 

mainly, in women (Leung et al., 2020). In Canada, hypertension attributable costs were nearly 

$14 billion in 2010 and were estimated to increase to $20.5 billion by 2020 (Weaver et al., 

2015). 

Hypertension 

Hypertension is defined as elevated systolic blood pressure (SBP) of ≥140 mmHg and 

diastolic blood pressure (DBP) of ≥ 90 mmHg (Kaplan, Victor, & Flynn, 2015). Several factors, 

including age, genetic, environmental, and lifestyle, contribute to the onset of hypertension 

(Kaplan et al., 2015; Staessen, Wang, Bianchi, & Birkenhäger, 2003). The prevalence of 

hypertension increases significantly with age (Buford, 2016). The pathogenesis of hypertension 

is multifactorial, involving the central nervous system, renal system, and endocrine system 

(Kaplan et al., 2015; Oparil, Zaman, & Calhoun, 2003). Hypertension is often called the silent 

killer, and it often remains undetected until the complications arise (Kaplan et al., 2015). If left 

untreated, hypertension can increase a person's risk of coronary heart disease (CHD), 

myocardial infarction (MI), congestive cardiac failure (CHF), peripheral artery disease (PAD), 

cerebrovascular accident (CVA), retinopathy, chronic renal failure (CRF) and dementia (Kaplan 

et al., 2015). Mostly hypertension shows no symptoms and can be diagnosed through proper BP 

measurement (BPM) (Oparil et al., 2018).  
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Blood pressure measurement 

The impact of uncontrolled or untreated hypertension among the adult population is a 

significant contributor to cardiovascular risk and the overall burden of the disease (Zhou, Xi, 

Zhao, Wang, & Veeranki, 2018). Early diagnosis and treatment are essential to reduce this 

impact (Veiga et al., 2016). Accurate BPM is crucial for the optimal diagnosis and treatment of 

hypertension (Cloutier et al., 2015; Pickering et al., 2005). Accurate BPM requires standardized 

measurement methods, proper patient preparation, calibrated device, and valid interpretation of 

readings (Cloutier et al., 2015; Kallioinen, Hill, Horswill, Ward, & Watson, 2017; Padwal et al., 

2019). Inconsistency in BPM results in misdiagnosis and treatment inaccuracies, further 

increasing cardiovascular risk (Campbell, Myers, & McKay, 1999; McKay, Raju, & Campbell, 

1992; Ray, Nawarskas, & Anderson, 2012).  

Such inaccuracies have many sources categorized into patient-related, technique-related, 

equipment-related, and observer-related (Kallioinen et al., 2017; Muntner et al., 2019; Padwal 

et al., 2019). For example, the common factors related technique include arm position below 

heart level, which can lead to an overestimation of BP by 7-10/8-11 mmHg, leg crossing 

increases BP by 8-10/4-5 mmHg and talking during the procedure increases BP by 17/13 mmHg. 

These factors can lead to misinterpretation of BP (Campbell, Culleton, & McKay, 2005; 

Kallioinen et al., 2017; Netea, Lenders, Smits, & Thien, 2003). In addition, constant 

overestimation and underestimation of BP by 5 mmHg can lead to incorrect diagnosis and 

inappropriate treatment with antihypertensive medications, further increasing unnecessary 

treatment costs (Campbell et al., 2005; Handler, 2009; Jones, Appel, Sheps, Roccella, & 

Lenfant, 2003; Ray et al., 2012; Turner, Baker, & Kam, 2004). Hence, it is essential to consider 

these factors when measuring BP to ensure the accurate measurement is performed.  

Blood pressure measurement methods 

In Canada, special efforts have been made to improve hypertension diagnosis and 

treatment through dedicated guidelines (Rabi et al., 2020). Guidelines regarding BPM have been 

widely available in Canada through various dissemination activities (Campbell et al., 2012). 
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These guidelines are essential for HP to accurately measure BP using the standardized BPM 

methods (Rabi et al., 2020). Standardized BPM methods exist for out-of-office and in-office: 

out-of-office BPM includes ambulatory (ABPM) and home (HBPM), and in-office BPM 

includes office (OBPM) and automated (AOBP) methods. HBPM refers to BP measured by the 

patient with an oscillometric device twice in the morning and twice in the evening for seven 

days. ABPM refers to out-of-clinic BPM  using a fully automated device that automatically 

calculates and records BP readings (every 20-30 minutes over 24hr) (Blom et al., 2015; Cloutier 

et al., 2015). These methods have gained increasing importance in the clinical approach for 

measuring BP and are recommended and supported by Hypertension Canada guidelines 

(Cloutier et al., 2015; Rabi et al., 2020). OBPM refers to in-clinic BPM by a trained HP using 

electronic oscillometric upper arm devices. AOBP refers to in-clinic BPM using a fully 

automated device that automatically records multiple BP readings and averages those readings 

without an HP (Blom et al., 2015; Cloutier et al., 2015). Traditionally, office BP measurement 

was performed manually using the auscultatory method with mercury or aneroid 

sphygmomanometers and a stethoscope (Cloutier et al., 2015). However, due to various factors 

such as environmental concerns, device errors, and misdiagnosis of hypertension leading to 

inappropriate treatment, these auscultatory techniques are no longer recommended by the 

Hypertension Canada guidelines and OBPM with oscillometric devices that are preferred over 

auscultation (Blom et al., 2015; Cloutier et al., 2015; Gelfer, Dawes, Kaczorowski, Padwal, & 

Cloutier, 2015; Rabi et al., 2020).  

Twenty-four-hour ABPM is considered as the gold standard for diagnosis of 

hypertension, and HBPM is considered for diagnosis and long-term follow-up in adults with 

inadequately controlled BP (Cloutier et al., 2015; Padwal et al., 2019; Parati, Ochoa, & Bilo, 

2017; Rabi et al., 2020). As for HBPM and ABPM, certain advantages lead to a much better BP 

assessment (Cloutier et al., 2015; Lamarre-Cliché, Cheong, & Larochelle, 2011; Padwal et al., 

2019; Parati et al., 2017). 

These include eliminating observer error, eliminating the white coat effect, and detecting 

masked hypertension. (Cloutier et al., 2015; Lamarre-Cliché et al., 2011; Padwal et al., 2019; 

Parati et al., 2017). ABPM requires less patient involvement, minimal patient training, and the 
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ability to provide nighttime BPM (Cloutier et al., 2015; Lamarre-Cliché et al., 2011; Padwal et 

al., 2019). HBPM requires patient training to improve clinical decisions and help patients better 

control their hypertension  (Lamarre-Cliché et al., 2011; Milot et al., 2015; Parati et al., 2017; 

Uhlig, Patel, Ip, Kitsios, & Balk, 2013). For decades, BP was measured routinely in the clinic 

using the auscultatory technique (Pickering, 2003; Staessen et al., 2017). However, with 

growing evidence about the several disadvantages of auscultatory technique, there has been a 

shift to the use of electronic (OBPM) and automated (AOBP) devices (Campbell, McKay, 

Chockalingam, & Fodor, 1994; Cloutier et al., 2015; Gelfer et al., 2015; Lamarre-Cliché et al., 

2011; Myers, 2014; Padwal et al., 2019; Rinfret et al., 2017; Schiffrin et al., 2016; Staessen et 

al., 2017).  The advantage of OBPM is that it reduces much of the observer related error (e.g., 

the terminal digit preference), while AOBP requires minimal training and minimal human 

involvement, which has been shown to eliminate much of the white coat effect linked with 

OBPM (Campbell et al., 2014; Lamarre-Cliché et al., 2011; Padwal et al., 2019; Parati et al., 

2017; Rinfret et al., 2017). In Canada, measurement using an electronic (oscillometric) upper 

arm device is preferred over auscultation, and AOBP is the preferred in-office BPM method 

(Rabi et al., 2020).  

Blood pressure measurement by health professionals 

HP plays an essential role in hypertension management (Campbell et al., 2017; Rabi et 

al., 2020). Moreover, BPM is a routinely performed procedure by HP, who has received specific 

training in BPM (Kaczorowski, Dawes, & Gelfer, 2012). Inadequately performed BPM causes 

misdiagnosis and suboptimal BP control. Hence recommendations must be followed by HP 

when measuring BP. However, several studies performed over the past have shown that BPM 

recommendations are rarely followed in clinical practice (Campbell et al., 2005; Campbell et 

al., 2017; Campbell et al., 1994; Campbell, Myers, et al., 1999; Coogan, Marra, & Lomonaco, 

2015; McAlister, Campbell, Zarnke, Levine, & Graham, 2001; McKay et al., 1992; Ray et al., 

2012).  

HP, namely the physicians, nurses, and pharmacists, are involved in long-term 

hypertension management and providing education to patients (Campbell et al., 2019; Lamb, Al 
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Hamarneh, Houle, Leung, & Tsuyuki, 2018; Schiffrin et al., 2016). However, it has been 

demonstrated that education is rarely provided to their patients (Milot et al., 2015; Wagner et 

al., 2013). A Canadian study that assessed the perception of primary care physicians and their 

patients concerning HBPM reported that 78% of patients had an HBPM device (Logan, Dunai, 

McIsaac, Irvine, & Tisler, 2008). However, only 8% of patients received specific education from 

their physicians and pharmacists on BPM and interpretation of results, while 45% did not 

receive any specific education (Logan et al., 2008). Results show that physicians will use HBPM 

when making diagnostic and therapeutic decisions but only 13% will in fact use HBPM for 

diagnostic purposes (Logan et al., 2008).  

Global data reports that knowledge of HP concerning diagnostic thresholds and technical 

aspects for BPM methods was inadequate, and their practice for all four BPM methods was also 

unsatisfactory (Block et al., 2018; Coogan et al., 2015; Dalfó-Pibernat et al., 2018; Dickson & 

Birkett, 1988; Dickson et al., 2013; Matowe, Abahussain, Awad, & Capps, 2008; Sebo, Pechère-

Bertschi, Herrmann, Haller, & Bovier, 2014; Tsakiri, Stergiou, & Boivin, 2013). The only 

Canadian study that assessed nurses' knowledge concerning OBPM showed inadequate 

knowledge regarding the technical aspects (Cloutier, 2007). Another recent survey in Canada 

has shown some improvement in physicians, but the small survey performed only with 

physicians also showed severe deficiencies in practice that are still present (Kaczorowski et al., 

2017). The use of the auscultatory method by more than half of the physicians is a big concern 

(Kaczorowski et al., 2017). The lack of implementation of guidelines in clinical practice is due 

to the barriers. Some of the significant barriers include inadequate knowledge, lack of 

supervised training for health professionals, non-availability of BPM equipment, time 

constraints for health professionals (Hwang, Aigbe, Ju, Jackson, & Sedlock, 2018; Kaczorowski 

et al., 2017; Kronish et al., 2017; Logan et al., 2008; Lugtenberg, Burgers, Besters, Han, & 

Westert, 2011; McAlister et al., 2001; Tislér et al., 2006).  

Several studies highlight the need for continuing education, certification in BPM, use of 

automated devices to improve the knowledge and practice of HP (Campbell et al., 2019; 

Campbell et al., 2012; Coogan et al., 2015; Padwal et al., 2019). Various educational resources 

are made available by hypertension Canada (Rabi et al., 2020). Despite their availability, the 
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knowledge and practice of HP are suboptimal. Moreover, most published studies have focused 

only on physicians, but nurses and pharmacists who are also an integral part of hypertension 

management are understudied. 

Research purpose  

Adequate knowledge, perception and practice are essential elements of BPM. The 

evidence highlights the gap between guidelines and knowledge, perception, and practice of HP. 

In Canada, the topic of interest is partially studied. To our knowledge, this study is the first in 

Canada to assess the three concepts, the three health professionals and the four methods of BPM.  

To improve hypertension management and BP control rates, the proposed study intends to assess 

knowledge, perception, and practice of physicians, nurses, and pharmacists, working in primary 

care settings of Quebec concerning all four BPM methods. A descriptive study covering the 

primary care settings across Quebec is surveyed. This study will benefit all HP working in 

clinical, educational, and research sectors. Future clinicians, students, and researchers can better 

understand to excel in their field and provide the community with best possible services. This 

research will also provide future goals in hypertension, plan and develop new strategies, guide 

knowledge translation, implement policies and protocols, and formulate guidelines. 

Research objectives  

1. To assess knowledge, perception, and practice of health professionals regarding 

ambulatory and clinic BPM methods through a scoping review. 

2. To assess knowledge, perception, and practice of Québec nurses, physicians and 

pharmacists working in primary care settings regarding ambulatory and clinic BPM 

methods. 
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Chapter 2. Literature Review 

Hypertension 

Chronically elevated BP is known as systemic arterial hypertension or hypertension or 

high blood pressure (Bakris & Sorrentino, 2018; Oparil et al., 2003).  Hypertension is a risk 

factor that affects 40% global adult population and 23% of the Canadian adult population (Leung 

et al., 2020; Lim et al., 2012; Padwal et al., 2016). If not treated leads to complications affecting 

numerous organ systems, including the brain, heart, kidney, eyes and peripheral vasculature. 

Hypertension significantly increases CVD risk, including stroke, ischemic heart disease, heart 

failure, peripheral vascular disease, renal failure, dementia, and other diseases. Individuals with 

high-normal BP (130-139/85-89 mmHg) have a three-fold increased risk of hypertension and a 

two-fold increased risk of CVD (Julius et al., 2006).  For every 20 mm Hg increase in SBP to > 

115 mm Hg or a 10 mm Hg increase in DBP to > 75 mm Hg, the risk of cardiovascular mortality 

doubles (Lewington, Clarke, Qizilbash, Peto, & Collins, 2002; Padwal et al., 2016). For 

example, the Framingham Heart Study showed a direct association between chronic heart 

disease and stroke morbidity and mortality with hypertension. The study showed that SBP ≥120 

mm Hg and DBP <70 mm Hg were associated with a CVD risk equivalent to approximately 20 

mm Hg of additional SBP elevation (Franklin & Wong, 2013). Furthermore, the most significant 

number of SBP-related deaths (>115 mmHg) were caused by ischemic heart disease (55%), 

hemorrhagic stroke (58%) and ischemic stroke (50%) (Forouzanfar et al., 2017) 

BP is expressed as the ratio of SBP, which is the pressure exerted on the arterial walls 

when the heart contracts, to DBP, which is the pressure exerted on arterial walls when the heart 

relaxes (Bakris & Sorrentino, 2018; Kaplan et al., 2015; Oparil & Weber, 2005). Systole and 

diastole are two phases of the cardiac cycle. In the systolic phase, the left and the right ventricles 

contract and blood is ejected into the aorta and pulmonary artery. In the diastolic phase, blood 

returns to the heart from the superior and inferior vena cava and flows into the right atrium and 

ventricle between two systoles. During systole, the arterial BP increases and is about 115 

mmHg, while during diastole, the arterial BP decreases and is about 75 mmHg (Hoit, 2014). 

Therefore, both SBP and DBP are essential components of BP and must be carefully monitored 
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to accurately diagnose hypertension. Hypertension may be primary or secondary (Bakris & 

Sorrentino, 2018; Kaplan et al., 2015; Oparil et al., 2003). Most patients (90–95%) have primary 

or essential hypertension, which is multifactorial and involves genetics, environmental, 

metabolic, and vascular etiology, which is discussed further below. Secondary hypertension is 

associated with underlying conditions such as primary aldosteronism, pheochromocytoma, or 

renal artery stenosis.  

Blood pressure regulation 

BP is determined by cardiac output and peripheral vascular resistance (Bakris & 

Sorrentino, 2018; Beevers, Lip, & O'Brien, 2001; Hall et al., 2012; Mayet & Hughes, 2003; 

Oparil & Weber, 2005). The elevation in mean BP occurs when one of these physiological 

components is increased. Cardiac output is the product of heart rate and stroke volume. Heart 

rate is the number of heartbeats in a given time. Stroke volume is the volume of blood pumped 

out of the left ventricle during each ventricular contraction. Thus, stroke volume is an essential 

determinant of cardiac output. Stroke volume is influenced by preload, afterload, and ventricular 

muscle contractility. First, the preload, also known as left ventricular end-diastolic volume, is 

the load on ventricular muscles during the diastole. Increased preload further increases the stroke 

volume. Second, the afterload is the pressure against which the left ventricle has to push the 

blood into the systemic circulation during each contraction. 

Afterload increases when stroke volume is decreased. Ventricular muscle contractility 

is the ability of cardiac muscles to contract, which is affected by the change in preload and 

afterload. All of these factors ultimately affect cardiac output. Peripheral vascular resistance is 

the resistance of blood flow in the circulatory system. It is determined by the diameter of small 

arteries and arterioles and controlled by the smooth muscle cells (Bakris & Sorrentino, 2018; 

Oparil & Weber, 2005; Schiffrin, 2020). Prolonged smooth muscle contraction induces 

structural changes in the arteriolar vessel walls, resulting in an irreversible increase in BP. Small 

arteries and arterioles are the main sites for flow resistance and are responsible for 70% of all 

peripheral vascular resistance (Schiffrin, 2020). Changes in large arteries such as the aorta and 

its major branches or the microcirculation such as small arteries, arterioles, capillaries, and 
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venules allow peripheral vascular resistance to increase. (Greene, Tonellato, Lui, Lombard, & 

Cowley, 1989; Schiffrin, 2020). Most patients with essential hypertension have an average 

cardiac output but elevated peripheral vascular resistance (Kaplan et al., 2015). Given the 

importance of these two physiological components on BP regulation, any changes are directly 

related to the cause of hypertension.   

Mosaic theory behind primary hypertension  

The etiology and pathophysiology of hypertension are multifactorial, multifaceted, and 

involve many interconnected physiological processes (Touyz, Feldman, Harrison, & Schiffrin, 

2020). The mosaic theory, first mentioned in 1982 by Page et al., highlights the molecular and 

cellular mechanisms involved in hypertension (Page, 1982). This theory indicates that several 

factors, including genetic, environmental, anatomic, and adaptive, neural, endocrine, humoral, 

and hemodynamic factors, are responsible for the pathophysiology of hypertension (Page, 1982; 

Touyz, Feldman, et al., 2020).  

The factors as indicated in mosaic theory by Page et al. are briefly presented. First, for 

genetics involvement, the mosaic theory of hypertension was the first to model the effect of 

genetics on hypertension and is now well recognized as a dynamic polygenic disease state 

(Frame & Wainford, 2017; Frohlich, Dustan, & Bumpus, 1991; Page, 1982). According to Page 

et al., the genetic factor influences the overall pattern of the body, and therefore patients with 

hypertension differ from one another because of their genetic disposition (Page, 1982). Second, 

environmental factors such as stress, diet, and pollutants can stimulate the immune cells, renal 

and vascular system contributing to increased cardiac output and BP (Harrison, 2013; Oparil et 

al., 2003; Page, 1982). Third anatomic factors include the abnormalities such as coarctation of 

the aorta, atresia, and aneurysm of the renal artery and are directly linked to hypertension. 

Fourth, adaptive factors include regulating intracellular sodium and calcium pump by the cell 

membrane (Page, 1982). Any dysfunction in the sodium-calcium pump directly impacts the 

peripheral vascular resistance causing hypertension. Fifth neural factors include the complex 

nervous system mechanism linked to the increased nerve firing that increases the sympathetic 

outflow. Sixth, endocrine and humoral factors such as angiotensin II, aldosterone, and 
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catecholamines directly or indirectly affect cardiac output and peripheral vascular resistance, 

thereby increasing BP (Page, 1982). Finally, hemodynamic factors include blood flow and 

volume, cardiac output and peripheral vascular resistance. Any changes or dysfunction in these 

factors causes hypertension (Page, 1982).  

With advancements in research, additional factors have now been added to the mosaic 

theory that includes genomics, oxidative stress, inflammation, hyperinsulinemia and insulin 

resistance, vascular, sex hormones, influences of the sympathetic nervous system, angiotensin 

II receptor, and as they all appear to be associated with target organ damage (Assersen, Sumners, 

& Steckelings, 2020; da Silva et al., 2020; DeLalio, Sved, & Stocker, 2020; Feldman, 2020; Lip 

& Padmanabhan, 2020; Marc, Boitard, Balavoine, Azizi, & Llorens-Cortes, 2020; Oparil et al., 

2003; Schiffrin, 2020; Touyz, Feldman, et al., 2020; Touyz, Rios, et al., 2020; Xiao & Harrison, 

2020). Few important factors, as an example, are briefly presented. For genomics, recent 

evidence suggests a variety of genes or, more specifically, allelic variants have been linked to 

an increased risk of developing hypertension (Lip & Padmanabhan, 2020; Oparil et al., 2018; 

Oparil et al., 2003).  Padmanabhan et al. reviewed and updated Paige’s mosaic model of BP 

control after finding approximately 25 unusual mutations and over 50 single nucleotide 

polymorphisms that affect BP (Frame & Wainford, 2017; Padmanabhan, Caulfield, & 

Dominiczak, 2015; Page, 1982). Another critical factor is the oxidative stress that multiple 

authors have identified as playing an important role in hypertension (Ceriello, 2008; Harrison 

& Gongora, 2009; Schiffrin, 2020; Touyz, Rios, et al., 2020). Oxidative stress is caused by an 

imbalance between oxidants and antioxidants, leading to a disruption of oxidation-reduction 

signalling, control, and molecular damage (Touyz, Rios, et al., 2020). Oxidative stress is 

characterized by excessive production of reactive oxygen species and altered oxidation-

reduction. An enzyme called NADPH oxidases, an essential source of cardiovascular reactive 

oxygen species is most commonly found in the heart, vessels, kidneys, and immune system 

(Touyz, Rios, et al., 2020). In hypertension, there is the increased expression and activity of 

NADPH oxidases, which is one of the primary mechanisms responsible for oxidative stress in 

cardiovascular diseases. Furthermore, hypertension associated with inflammation, fibrosis, and 

activation of immune cell processes is caused by oxidative stress (Harrison et al., 2011; Touyz, 

Rios, et al., 2020; Xiao & Harrison, 2020). Regarding metabolic syndrome, studies have shown 
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a correlation between insulin resistance, hyperinsulinemia, and elevated BP (da Silva et al., 

2020; Ferrannini et al., 1987; Julius, Gudbrandsson, Jamerson, Tariq Shahab, & Andersson, 

1991). These metabolic syndrome increases sympathetic nervous system activity, impairs 

kidney function, and increases BP (da Silva et al., 2020). Vascular factors are associated with 

reactive oxygen species that cause vascular remodelling and vasoconstriction, increasing 

peripheral vascular resistance and BP and eventually contributing to target organ damage 

(Harrison, 2013; Schiffrin, 2020). 

 Main systems involved in hypertension 

BP regulation is complex, and multiple systems come into play. The main systems 

involved are the autonomic nervous system, the renal system, and the vascular system. Any 

impairment or interference in the mechanisms involved in BP regulation involving these 

systems can lead to an increase in BP and therefore causing target organ damage (Hall et al., 

2012; Oparil et al., 2018). 

Autonomic nervous system 

The autonomic nervous system controls the cardiac and vascular functions and has a 

vital role in BP regulation through autonomic vasomotor nerves and circulating catecholamines 

(Maki-Petaja et al., 2016). The autonomic nervous system plays a significant role in short-term 

and long-term BP regulation (Charkoudian & Rabbitts, 2009; DeLalio et al., 2020; Joyner, 

Charkoudian, & Wallin, 2010). The autonomic nervous system consists of the sympathetic and 

parasympathetic nervous systems (Kaplan et al., 2015). The activation of the sympathetic 

nervous system stimulates the body for fight or flight response, thereby increasing BP, heart 

rate, stroke volume and cardiac output. On the contrary, activation of the parasympathetic 

nervous system stimulates the body for rest and digest response, thereby decreasing BP and 

heart rate. Compared to normotensive patients, hypertensive patients have increased 

sympathetic and decreased parasympathetic activity (DeLalio et al., 2020; Grassi, Mark, & 

Esler, 2015; Maki-Petaja et al., 2016; Mancia & Grassi, 2014).  
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BP regulation involves baroreceptors, chemoreceptors and adrenergic receptors (Kaplan 

et al., 2015). However, the baroreceptors play the primary role in BP regulation.  Baroreceptors 

are the sensory afferent nerve endings located in the carotid sinuses and aortic arch. Their 

function is to detect BP changes and respond by sending the sensory information to the 

autonomic nervous system to regulate BP (Charkoudian & Rabbitts, 2009; Kaplan et al., 2015). 

The baroreceptors are activated due to increased BP, cardiac filling pressure or stretching of the 

blood vessel wall. Inhibitory signals are sent to the autonomic nervous system to increase 

parasympathetic activity and decrease sympathetic activity, causing bradycardia, myocardial 

contractility, vasodilation, and decreased stroke volume.  During a short-term drop in BP, the 

baroreceptors transmit the sensory information to the autonomic nervous system to react 

opposite by increasing BP, stroke volume, heart rate and creating vasoconstriction (Charkoudian 

& Rabbitts, 2009; Kaplan et al., 2015).  

As for the chemoreceptors, they are primarily involved in maintaining respiration and 

play a part in BP regulation. They are specialized sensory receptors located in the carotid bodies 

that detect changes in arterial blood oxygen, carbon dioxide and pH levels. Activation of 

chemoreceptors in response to decreased oxygen levels (hypoxia) or increased carbon dioxide 

levels (hypercapnia), or decreased pH levels (acidosis) causes increased stimulation of the 

sympathetic nervous system. This effect causes tachycardia and vasoconstriction, thereby 

increasing cardiac output and BP. The effect is seen among hypertensive patients with sleep 

apnea. Repeated activation of chemoreceptors in sleep apnea contributes to increased BP (Bakris 

& Sorrentino, 2018; Kaplan et al., 2015; Lanfranchi & Somers, 2011). 

 The adrenergic receptors mainly mediate the effect of neurotransmitters such as 

epinephrine and non-epinephrine of the sympathetic nervous system. The adrenergic receptors 

consist of alpha and beta receptors located on arteries and in the heart. In response to the release 

of neurotransmitters, stimulation of alpha receptors causes vasoconstriction, vascular 

remodelling and hypertrophy, which increases BP and stimulation of beta receptors cause 

increased ventricular contractility, tachycardia and increased cardiac output (Bakris & 

Sorrentino, 2018; Grassi et al., 2002; Kaplan et al., 2015). 
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Renal system 

The renal system influence BP through the renin-angiotensin-aldosterone-system 

(RAAS) (Assersen et al., 2020; Beevers et al., 2001; Fountain & Lappin, 2021; Kaplan et al., 

2015; Oparil et al., 2018). RAAS and natriuretic peptides play a significant role in BP regulation 

and hypertension. RAAS helps regulate blood volume and peripheral vascular resistance by 

increasing sodium reabsorption, water reabsorption and vascular tone. In response to decreased 

sodium intake, renal hypoperfusion, or systematic nervous system stimulation, the kidney's 

juxtaglomerular cells cause renin secretion. Renin, an enzyme, then acts on angiotensinogen, a 

renin substrate produced in the liver that converts into angiotensin I, a physiologically inactive 

product, which is then converted to angiotensin II by the angiotensin-converting enzyme. The 

angiotensin-converting enzyme is found preliminarily in the lungs and kidneys.  

The release of angiotensin II has a cascade of events occurring that affects the kidneys, 

adrenal cortex, arterioles, and brain, resulting in increased BP (Assersen et al., 2020; Beevers et 

al., 2001; Fountain & Lappin, 2021; Kaplan et al., 2015; Oparil et al., 2018). On kidneys, 

angiotensin II causes vasoconstriction of efferent and afferent renal arterioles and increases 

sodium reabsorption, thereby increasing the stroke volume. The effect on the adrenal cortex 

occurs due to the stimulation of zona glomerulosa causes the release of aldosterone. Aldosterone 

causes an increase in sodium reabsorption and potassium excretion at the distal tubule and 

collecting duct of the nephron, which in turn causes increased sodium reabsorption. This effect 

results in increased sodium levels in the body that causes an increase in osmolarity, blood, and 

extracellular fluid volume, resulting in increased BP (Beevers et al., 2001; Hall et al., 2012; 

Oparil et al., 2018).  On the arterioles, angiotensin II acts as a potent vasoconstrictor, thereby 

increasing BP. It binds to G protein receptors leading to vasoconstriction, causing increased 

peripheral vascular resistance and BP. Finally, angiotensin II has three effects on the brain: first, 

it binds to the hypothalamus causing thirst and increased water consumption. Second, it causes 

the pituitary gland to release antidiuretic hormone or vasopressin to increase water reabsorption 

in kidneys. Third, it reduces the baroreceptor reflex sensitivity, thereby decreasing the 

baroreceptor's response to increased BP, which is incompatible with the RAAS target (Fountain 

& Lappin, 2021; Hall et al., 2012). The result of all these interactions is an increase in sodium 
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water and peripheral vascular resistance (Fountain & Lappin, 2021; Hall et al., 2012; Kaplan et 

al., 2015). Studies have shown that angiotensin II is associated with endothelial dysfunction and 

has fibrotic and inflammatory effects due to increased oxidative stress resulting in renal, cardiac, 

vascular injury and target organ damage (Assersen et al., 2020; Long, Price, Herrera-Acosta, & 

Johnson, 2004; Schiffrin, 2020; Touyz et al., 2018; Touyz, Rios, et al., 2020).  

Natriuretic peptides 

A natriuretic peptide plays a vital role in salt sensitivity and hypertension (Hall et al., 

2012; Kerkelä, Ulvila, & Magga, 2015; Oparil et al., 2018; Potter, Yoder, Flora, Antos, & 

Dickey, 2009). It has two forms: atrial natriuretic peptide and brain natriuretic peptide. They 

help in maintaining sodium balance and vasodilation, thereby decreasing BP. The atrial 

natriuretic peptide is a hormone released by the atrium in response to increased blood volume 

(Beevers et al., 2001). The atrial and ventricular stretch leads to the release of both natriuretic 

peptides, causing systemic vasodilation and decreased plasma volume. The natriuretic peptides 

lower BP by increasing the glomerular filtration rate, resulting in increased urine production and 

increased sodium excretion called natriuresis. It also inhibits renin and aldosterone release. The 

deficiency of these peptides causes hypertension (Hall et al., 2012; Kerkelä et al., 2015; Oparil 

et al., 2018; Potter et al., 2009). Obesity is associated with a deficiency of natriuretic peptides 

(Schlueter et al., 2014).  

Vascular system 

The structure and function of both small and large arteries play a vital role in 

hypertension progression (Kaplan et al., 2015; Oparil & Weber, 2005). Small changes in the 

diameter of blood vessels have an enormous effect on BP. The vascular endothelium is a 

significant regulator of vascular tone (Oparil & Weber, 2005; Spieker, Flammer, & Lüscher, 

2006). Endothelial cells produce vasoactive substances that include nitric oxide, prostacyclin, 

and endothelin (Hall et al., 2012; Kaplan et al., 2015; Oparil et al., 2018; Oparil & Weber, 2005; 

Schiffrin, 2020; Spieker et al., 2006; Touyz, Rios, et al., 2020). First, nitric oxide is an essential 

factor that is thought to regulate the mechanism that controls BP. Nitric oxide is continuously 

released by the endothelial cells leading to vascular smooth muscle relaxation. Inhibition of 
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nitric oxide production through oxidative stress increases BP and contributes to hypertension. 

Second, the prostacyclin is another endothelium-derived relaxing factor released in response to 

shear stress and has a platelet inhibitory effect. Third, the endothelin has a vasoconstrictor effect 

that increases BP. Therefore, a dysfunctional endothelium causes structural, functional, 

mechanical, and molecular changes, a hallmark of hypertension and CVD (Schiffrin, 2020). 

These changes are characterized by large arterial stiffness, vascular remodelling, rarefaction of 

microcirculation, leading to increased peripheral vascular resistance. As a result of these 

changes, tissue nutrition, gas exchange, and removal of waste products are compromised, 

contributing to target organ damage (Schiffrin, 2020). 

 

Risk factors for hypertension 

Hypertension is associated with several modifiable and non-modifiable risk factors 

(Bakris & Sorrentino, 2018). Non-modifiable factors include age, sex and race, and modifiable 

factors include physical inactivity, obesity, high sodium intake, and excessive alcohol intake 

(Bakris & Sorrentino, 2018).  

Non-modifiable factors 

Non-modifiable factors include age, sex, and race. First, advancing age causes structural 

changes in the arteries leading to arterial stiffness and atherosclerosis, which later increases the 

pulse pressure. These factors contributed to the development of systolic hypertension and 

decreased DBP (Bakris & Sorrentino, 2018; Franklin et al., 1997; Izzo, Levy, & Black, 2000; 

Mikael et al., 2017; Pinto, 2007). For example, the Framingham study showed the association 

between age-related changes in SBP, DBP and pulse pressure. After 50 years, SBP increased 

disproportionately compared to DBP, and after 60 years, DBP decreased, causing increased 

pulse pressure. A gradual increase in SBP and a decrease in DBP confirmed the relationship 

between ageing and hypertension (Franklin et al., 1997; Franklin & Wong, 2013; Kannel, 

Gordon, & Schwartz, 1971). The gradual increase in SBP in people under the age of 50 indicated 

that increased vascular resistance was the dominant factor. With age, DBP decreases, and 
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arterial stiffness progresses, thus causing an increase in SBP and pulse pressure (Franklin et al., 

1997; Franklin & Wong, 2013; Kannel et al., 1971).  

Second, regarding sex, the overall prevalence of hypertension is higher among men than 

women, but this difference narrows after women reach menopause. In women, the onset of 

menopause is associated with a two-fold increased risk of hypertension (Amigoni, Morelli, 

Parazzini, & Chatenoud, 2000; Barton & Meyer, 2009; Staessen, Bulpitt, Fagard, Lijnen, & 

Amery, 1989; Zanchetti et al., 2005). Estrogen deficiency is a contributing factor during 

menopause (Maranon & Reckelhoff, 2013; Nuzzo, Rossi, & Modena, 2010). After women 

undergo menopause, the sex-related factors may contribute to the development of metabolic 

syndrome, which leads to increased BP and CVD risk (Barton & Meyer, 2009; Maranon & 

Reckelhoff, 2013; Nuzzo et al., 2010). Studies have reported that the prevalence of hypertension 

is higher in older women aged ≥60 years when compared to men of the same age (Benjamin et 

al., 2019; Kearney et al., 2005; Mills et al., 2016).  

Third, regarding race, which is not a simple issue and a large body of literature exist on 

the difference between race/ethnicity, only a few issues have been identified; for example, the 

prevalence of hypertension is significantly higher in black adults than in white adults and Asians 

(Bakris & Sorrentino, 2018; Dorans, Mills, Liu, & He, 2018; Fei et al., 2017; Fuchs, 2011; 

Lackland, 2014). A recent study showed that the prevalence of hypertension was higher in black 

adults (44%) than in Asians (38%) and white adults (28%) (Fei et al., 2017). Although racial 

differences and hypertension are still not completely understood. However, the prevalence is 

associated with genetic variation and dietary habits such as high sodium (Fuchs, 2011; Mills et 

al., 2020; Whelton et al., 2016). For example, salt consumption is higher in black adults than in 

white adults (Fuchs, 2011; Lackland, 2014). As a result, high sodium intake causes renal 

dysfunction, thereby increasing BP.  
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Modifiable factors 

As far as modifiable factors are considered, the main ones are physical inactivity, 

obesity, excessive alcohol intake and high sodium intake. First, physical inactivity is the fourth 

leading risk factor for death worldwide, accounting for 35% of the global prevalence (Benjamin 

et al., 2019). Physical inactivity is associated with sedentary behaviour, increased body mass 

index or underlying conditions, such as hyperinsulinemia or diabetes (Diaz & Shimbo, 2013; 

Hegde & Solomon, 2015). Physiologically the mechanism is linked with neurohormonal and 

vascular function, reducing the sympathetic nerve activity and causing vascular dysfunction and 

increased peripheral vascular resistance resulting in increased BP (Diaz & Shimbo, 2013; Hegde 

& Solomon, 2015; Huai et al., 2013). A meta-analysis reported that physical inactivity causes 

6-10% of the global burden from coronary heart diseases (Lee et al., 2012).  

Second, obesity is an independent risk factor for hypertension, CVD and CKD (Hall, 

Carmo, Silva, Wang, & Hall, 2015; Nguyen & Lau, 2012). Studies reported that obesity was the 

main risk factor for hypertension, contributing to 24% of all cases in both men and women 

(Leung, Bushnik, Hennessy, McAlister, & Manuel, 2019; Padwal et al., 2016). The mechanism 

is associated with metabolic abnormalities, overactivation of the sympathetic nervous system 

and stimulation of RAAS, causing renal dysfunction (da Silva et al., 2020; Hall et al., 2015; 

Kotsis, Stabouli, Papakatsika, Rizos, & Parati, 2010; Nguyen & Lau, 2012; Rahmouni, Correia, 

Haynes, & Mark, 2005).   

Third, hypertension associated with alcohol consumption is among the top five risk 

factors for the global disease burden (Campbell, Burgess, et al., 1999; Rehm et al., 2017; 

Roerecke et al., 2017; Wood et al., 2018). Studies have reported an association of higher alcohol 

consumption (≥ 210g/week) with hypertension (Fuchs, Chambless, Whelton, Nieto, & Heiss, 

2001; Piano, 2017; Roerecke et al., 2017; Wood et al., 2018). An immediate effect of alcohol 

consumption is vasodilation, and sustained intake results in short-term elevation of BP. 

However, it is accompanied by long-term vascular changes and affects cardiac output and 

peripheral vascular resistance due to stimulation of RAAS, vascular and sympathetic nervous 

system (Beilin & Puddey, 2006; Husain, Ansari, & Ferder, 2014; Roerecke et al., 2017).  
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Fourth, for high sodium intake, several studies have shown an association between high 

sodium intake and increased risk for hypertension (Grillo, Salvi, Coruzzi, Salvi, & Parati, 2019; 

Mente et al., 2016; Strazzullo, D’Elia, Kandala, & Cappuccio, 2009). Chronic high salt 

consumption causes water retention, renal and vascular dysfunction, increased blood volume, 

peripheral vascular resistance and cardiac output (Feng, Dell'Italia, & Sanders, 2017; Oparil et 

al., 2018). A compensatory mechanism occurs and compensates for these hemodynamic 

changes and maintains normal BP by reducing peripheral vascular resistance and increasing 

nitric oxide production. However, in individuals with salt sensitivity, the effect of nitric oxide 

is impaired or absent, thereby increasing BP (Feng et al., 2017; Oparil et al., 2018).  

 

Treatment for hypertension 

Treatment for hypertension management includes both pharmacological and non-

pharmacological. The choice of treatment for adults with hypertension as recommended by 

Hypertension Canada is presented in Table I. 

Table I  Non-pharmacological and pharmacological treatment as recommended by Hypertension 

Canada guidelines 

Non-pharmacological Pharmacological 

Health behaviour management Single pill therapy 

Dietary Approach to Stop Hypertension  

(DASH diet)  

Thiazide/thiazide-like diuretics 

Sodium intake Beta-blockers  

Alcohol consumption ACE inhibitors  

Physical activity ARBs  

Stress management Long-acting CCBs  

 Single pill combination therapy 

(Rabi et al., 2020) Notes. DASH, dietary approach to stop hypertension; CCBs, calcium channel blockers; ARBs, 

angiotensin receptor blockers; ACEs, angiotensin-converting enzyme inhibitors  
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Non- pharmacological 

Maintaining healthy behaviour is essential and is recommended as a first-line 

intervention in hypertension management (Rabi et al., 2020). The non-pharmacological 

intervention recommended by Hypertension Canada guidelines includes DASH diet enriched 

with a protein source and reducing sodium intake (5g of salt per day), reduction in alcohol 

consumption (2 drinks per day), moderate exercise daily (30-60 minutes), and stress 

management (Rabi et al., 2020). A summary of these recommendations is presented in Table II. 

These interventions have been shown to reduce BP and prevent hypertension (Rabi et al., 2020). 

The DASH trial found that eating a diet high in fruits, vegetables, and low dairy products 

and a diet low in saturated fat and cholesterol decreased SBP by 11.4 and DBP by 5.5 mm Hg 

in hypertensive individuals (Appel et al., 1997). Additionally, reducing dietary salt intake and 

increasing hypertension awareness are concrete steps to reduce the hypertension burden 

(Campbell et al., 2015). A meta-analysis found that a slight reduction in salt intake for four 

weeks or more induces a substantial reduction in SBP in both hypertensive and normotensive 

individuals and that considerable reductions in salt intake would result in a more significant 

reduction in SBP (He, Li, & MacGregor, 2013). Studies have shown that the combination of 

low sodium intake and the DASH diet was associated with substantially more significant 

reductions in SBP (Juraschek, Miller, Weaver, & Appel, 2017; Sacks et al., 2001).  

For alcohol intake, limiting to 2-3 drinks per day showed a significant reduction in SBP 

by 5mmHg and DBP by 4mmHg (Roerecke et al., 2017). For physical activity, moderate 

intensity exercises and resistance training are effective. A meta-analysis of 54 RCT showed that 

aerobic exercise was associated with a significant reduction in SBP and DBP (-3.84 mmHg and 

-2.58 mmHg), respectively (Whelton, Chin, Xin, & He, 2002). Studies have reported that 

resistance training effectively decreases BP and shows a significant reduction in SBP by 

4mmHg (Cornelissen, Fagard, Coeckelberghs, & Vanhees, 2011; Ghadieh & Saab, 2015). 

Recent findings from a pooled analysis showed that health behavioural interventions such as 

diet, physical activity and alcohol reduction in persons without CVD risk factors were associated 

with modest reductions in BP (Patnode, Evans, Senger, Redmond, & Lin, 2017). 
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Table II  Summary of recommendation for non-pharmacological management by Hypertension   

Canada 

 Recommendations 

Dietary Approach to Stop 

Hypertension (DASH diet)  

 

Fruits, vegetables, low-fat dairy products, whole-grain foods 

rich in dietary fibre and protein source. 

Limit consumption of sodium intake towards 2000mg per day 

(5g of salt per day). 

For individuals with hyperkalemia, increase dietary potassium 

intake. 

Alcohol consumption  Less than 2 drinks per day. 

Physical activity Perform 30 to 60 minutes of moderate-intensity dynamic 

exercise 

(cycling, swimming, jogging, walking) 4 to 7 days per week in 

addition to routine activities. 

Weight reduction Height, weight, waist circumference and BMI should be 

calculated for all adults. 

A BMI between 18.5-24.9 and a waist circumference <102 cm 

for men and <88 cm for women is recommended. 

Overweight individuals should be advised to lose weight. 

Stress management Individualized cognitive behavioural interventions and 

relaxation techniques should be considered. 

(Rabi et al., 2020) Notes. BMI, body mass index 

 

Pharmacological 

For patients with uncontrolled hypertension with compelling indications for specific agents, the 

pharmacological treatment includes a single therapy pill with thiazides, calcium channel 

blockers (CCBs), beta-blockers, angiotensin receptor blockers (ARBs) and angiotensin-

converting enzyme inhibitors (ACEs) (Rabi et al., 2020). Initial therapy is either with single-pill 

therapy or single-pill combination therapy. Single pill combination therapy includes ACE 
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inhibitors with CCBs, ARBs with CCBs, or ACEs or ARBs used with a diuretic. Beta-blockers 

are not recommended as first-line therapy for uncomplicated hypertension in patients 60years 

and older (Rabi et al., 2020). The action of drugs is mentioned as follows: CCBs prevent the 

contraction of smooth muscle cells in the arteries, thereby causing vasodilation, leading to a 

decrease in peripheral vascular resistance. ARBs and ACEs have vascular effects, and both act 

on the RAAS axis and decrease aldosterone secretion. Beta-blockers act by blocking β-1 

adrenergic receptors in the heart, leading to slower heart rate and lowered BP (Rabi et al., 2020). 

A significant improvement was reported in Canada in prescribing antihypertensive drugs after 

the initiation of the Canadian Hypertension Education Programme (CHEP), now called 

Hypertension Canada guidelines (Campbell, Tu, Brant, Duong-Hua, & McAlister, 2006). A 

meta-analysis of 147 randomized trials of BP-lowering drugs on a larger population showed that 

all antihypertensive drugs classes significantly reduce CHD events by a quarter and stroke by 

about a third (Law, Morris, & Wald, 2009). Single pill therapy and single-pill combination 

therapy are effective for hypertension management (Feldman, 2017; Imbeault & Vallée, 2018; 

Wald, Law, Morris, Bestwick, & Wald, 2009).  

 

Blood pressure measurement 

Evolution of blood pressure measurement 

The measurement of BP began in 1733, with Reverend Stephen Hales reported the first 

invasive measurement on a horse by inserting a long glass tube upright into an artery and 

observing the column of the tube with an increase in BP (Booth, 1977; O'Brien & Fitzgerald, 

1994; Rader & Victor, 2017; Roguin, 2006b).  Further, in 1817 the stethoscope was invented by 

a French physician Dr. Rene Laennec (Roguin, 2006a). In 1827, the first mercury manometer 

was built for BPM by Dr. Jean Poiseuille (Booth, 1977; O'Brien & Fitzgerald, 1994; Rader & 

Victor, 2017; Roguin, 2006b). All this contributed to the invention of the first 

sphygmomanometer and the first non-invasive BPM in 1881 by Austrian physician Dr. von 

Basch. When the cuff was inflated, the radial artery was palpated, and when the radial artery 
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pulsations stopped, SBP was measured by the pressure in a mercury sphygmomanometer 

(O'Brien & Fitzgerald, 1994; Verrij, Montfrans, & Bos, 2008). In 1896, Riva-Rocci further 

improved the device and introduced the upper arm cuff to measure SBP, which was a standard 

device for many decades (O'Brien & Fitzgerald, 1994; Roguin, 2006b; Verrij et al., 2008). 

Adding to the auscultatory technique, in 1905, Dr. Nicolai Korotkoff introduced the Korotkoff 

sounds that can be easily heard with a stethoscope. Dr. Korotkoff described the appearance and 

disappearance of sounds over the brachial artery, distally of the Riva-Rocci cuff allowing the 

measurement of both SBP and DBP. For more than a century, BPM using the auscultatory 

method has been one of the most commonly performed clinical measurements (O'Brien & 

Fitzgerald, 1994; Verrij et al., 2008). However, further advancements have been made in the 

device ranging from mercury to aneroid and electronic to automated (Padwal et al., 2019; 

Staessen et al., 2017). In addition, much improvement has been made to BPM by establishing 

standardized measurement protocols by many hypertension societies, widely available to all 

health professionals (Campbell et al., 2014; Cloutier et al., 2015; Schiffrin et al., 2016). 

 

Blood pressure measurement methods 

BPM can be performed in-office and out-of-office. In-office BPM is carried out in usual 

care settings such as hospitals or clinical setting like a physician or NP office and include OBPM 

and AOBP. Out-of-office BPM, also called an ambulatory measurement, is carried out in 

outpatient settings or outside usual care and includes the home and ambulatory methods. 

In-office blood pressure measurement methods 

In-office BPM methods, OBPM and AOBP, are routinely used in the office for BP 

assessment, hypertension management and follow-up. 

Office BP measurement method (OBPM) 

The OBPM refers to in-office BPM performed using an electronic upper arm device with 

a provider in the room (Blom et al., 2015; Cloutier et al., 2015; Rabi et al., 2020). OBPM is 
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performed using an oscillometric (also called electronic) device or an auscultatory method. The 

auscultatory method with an aneroid device or mercury sphygmomanometer and a stethoscope 

is no longer recommended and is only considered an alternative if an oscillometric device is 

unavailable (Rabi et al., 2020).  

Auscultatory OBPM was considered the standard BP method for diagnosing and 

managing hypertension (Drawz, Abdalla, & Rahman, 2012; Kollias, Stambolliu, Kyriakoulis, 

Gravvani, & Stergiou, 2019; Stergiou, Kollias, Parati, & O’Brien, 2018). However, to be valid, 

this method needs a high degree of standardization, which is rarely seen in the real world and is 

being gradually phased out due to its various limitations (Drawz et al., 2012; Stergiou, 

Kyriakoulis, & Kollias, 2018). For example, the limitations include environmental concerns 

related to mercury use, clinicians' hearing deficits, technical errors, rapid deflation, terminal 

digit bias (Blom et al., 2015; Cloutier et al., 2015; Stergiou, Kyriakoulis, et al., 2018). 

Additionally,  important concerns were raised regarding the use of uncalibrated or inaccurate 

devices and measurement bias due to poor adherence to guidelines by HP and require 

appropriate training for auscultatory OBPM (Myers, Asmar, & Staessen, 2018; Myers et al., 

2010; Padwal et al., 2019; Schiffrin et al., 2016; Stergiou, Kyriakoulis, et al., 2018). Several 

studies have shown that this method is often poorly performed and is responsible for much of 

the error (Campbell et al., 2005; Campbell, Myers, et al., 1999; McKay, Campbell, Parab, 

Chockalingam, & Fodor, 1990; Ray et al., 2012). Consequently, the auscultatory method has 

increasingly been replaced by oscillometric or automated devices (Cloutier et al., 2015; Myers 

et al., 2018; Stergiou, Palatini, et al., 2018). In place of auscultatory OBPM, oscillometric 

OBPM is recommended for measuring BP in the office due to its several advantages that include 

reduction of technical errors such as observer bias or terminal digit bias, minimal observer 

involvement and training, minimal maintenance, minimize auscultation-induced errors, and 

does not rely on Korotkoff sound, (Bonafini & Fava, 2015; Cloutier et al., 2015; Drawz et al., 

2012; Kollias et al., 2019; Myers, 2014; Myers et al., 2010; Stergiou, Kyriakoulis, et al., 2018; 

Stergiou, Palatini, et al., 2018).  However, OBPM, either by auscultatory or oscillometric, is 

associated with the white coat effect due to the presence of HP near the patient.  
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Furthermore, OBPM has some limitations because it fails to detect masked hypertension, 

has poor reproducibility, is less practical to evaluate the effect of drug therapy and is performed 

inaccurately (Cloutier et al., 2015; Kollias et al., 2019; Stergiou, Kollias, et al., 2018; Stergiou, 

Palatini, et al., 2018). Therefore, OBPM alone is not the best option for hypertension diagnosis 

(Stergiou, Kollias, et al., 2018; Stergiou, Palatini, et al., 2018).  A recent study finding confirmed 

the low validity of OBPM for diagnosing and monitoring hypertensive patients (Gonzalez, 

Fernández, Pillado, Calviño, & Díaz, 2017). However, if performed accurately in a standardized 

manner, OBPM correlated well with ambulatory measurements and can predict target organ 

changes (Cloutier et al., 2015; Drawz et al., 2012; Lamarre-Cliché et al., 2011; Rinfret et al., 

2017). Recent study findings showed that OBPM provides similar BP readings as AOBP 

provided that BPM must be performed in a standardized manner (Kollias et al., 2019). 

Additionally, comparison of research quality BPM performed in a standardized manner with the 

routine manual BPM, studies have shown that manual BPM in the office on an average was 10 

mm Hg greater than corresponding research quality measurements and exceeds the AOBP and 

ABPM measurements (Cloutier et al., 2015; Lamarre-Cliché et al., 2011; Rinfret et al., 2017).  

Although OBPM is often used for initial BP assessment, the diagnosis is confirmed by 

performing out-of-office BPM (Cloutier et al., 2015; Rabi et al., 2020). It is important to note 

that since 2015, the diagnosis of hypertension in Canada is not based on OBPM, and out-of-

office methods are preferred as they better predict CVD outcomes (Campbell et al., 2014; 

Cloutier et al., 2015; Rabi et al., 2020). The prognostic and predictive accuracy for CVD risk 

with OBPM is lower than HBPM and ABPM method (Banegas et al., 2018; Bliziotis, Destounis, 

& Stergiou, 2012; Bobrie, Chatellier, Genes, & et al., 2004; Niiranen, Mäki, Puukka, Karanko, 

& Jula, 2014; Parati, Ochoa, Salvi, Lombardi, & Bilo, 2013; Zhu, Zheng, Liu, Mai, & Huang, 

2020).  

The diagnostic threshold for OBPM is ≥140/90 mmHg (Rabi et al., 2020). The 

measurement of BP begins with the adequate preparation of the patient and environment 

(Cloutier et al., 2015; Pickering et al., 2005; Rabi et al., 2020). For the patient preparation, the 

patient should not have consumed caffeine or tobacco 30 mins before the measurement, should 

be in a sitting position with 5 minutes of rest, back supported, legs uncrossed, feet flat on the 
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floor, arm bare and supported at heart level, use of appropriate cuff size according to individuals 

arm circumference, the lower edge of cuff 3 cm above the crease, and no talking or moving 

before or during the measurement. In addition, the environment should be quiet, and the room 

temperature should be comfortable (Cloutier et al., 2015; Rabi et al., 2020). The protocol for 

OBPM is presented in Table III and Annexe 1. 

Automated BP measurement method (AOBP) 

AOBP is an oscillometric device similar to OBPM. The AOBP refers to in-office BPM 

using a fully automated device that automatically records multiple BP readings at an interval of 

30 seconds to 1 min apart, over 4-7 minutes and averages those readings while the patient is 

alone in a quiet room without an HP (Blom et al., 2015; Cloutier et al., 2015; Myers, 

Kaczorowski, Dawes, & Godwin, 2014).   

AOBP devices are pre-programmed to take serial measurements and are used in many 

clinical settings in Canada. Commonly used devices include BpTRU (BpTRU Medical Devices, 

Coquitlam, Canada), Omron HEM 907 (Omron Corporation, Kyoto, Japan), and the MicroLife 

WatchBP Office (Microlife, Widnau, Switzerland) (Cloutier et al., 2015; Myers, 2014). AOBP 

provides more standardized measurements and overcomes some of the limitations of OBPM, 

and more specifically, reduces the white coat effect (Schiffrin et al., 2016). The advantages of 

the AOBP includes patient is left alone in the room, minimal training for HP, non-involvement 

of HP, cost-effective and less time-consuming in terms of retraining of HP and is associated 

with a lower prevalence of masked hypertension (Campbell et al., 2014; Cloutier et al., 2015; 

Myers et al., 2012; Myers et al., 2014; Myers, Valdivieso, & Kiss, 2009; Padwal et al., 2019). 

Studies have shown that AOBP is more reproducible than the auscultatory OBPM and correlates 

closely with daytime ABPM (Beckett & Godwin, 2005; Cloutier et al., 2015; Godwin et al., 

2011; Graves, Nash, Burger, Bailey, & Sheps, 2003; Lamarre-Cliché et al., 2011; Myers & 

Godwin, 2012; Myers et al., 2010; Myers et al., 2014). A recent meta-analysis data suggests that 

AOBP is a more standardized and accurate BP assessment method than OBPM and correlated 

well to ABPM readings (Bo et al., 2021; Jegatheswaran, Ruzicka, Hiremath, & Edwards, 2017; 

Pappaccogli et al., 2019; Roerecke, Kaczorowski, & Myers, 2019).  
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The diagnostic threshold for AOBP is ≥135/85 mmHg (Rabi et al., 2020). The protocol 

for AOBP is presented in Table III and Annexe 1. The patient must be alone and sitting quietly 

with legs uncrossed, back supported, and arm supported at heart level. A 5-minute rest period is 

not required for AOBP measurement (Myers & Colella, 2019; Stults, Doane, Penrod, & Conroy, 

2019).  

Given the limitation of OBPM, one reason to perform out-of-office BPM is to rule out 

the white-coat effect and masked hypertension. This detection will further help to avoid 

unnecessary diagnosis and treatment. Therefore, it is important to highlight the significance of 

these two concepts before moving to out-of-office BPM methods. 

White coat hypertension 

White coat hypertension (WCH) is defined as increased office readings and normal out-

of-office readings in individuals not receiving antihypertensive treatment (Cloutier et al., 2015; 

Franklin, Thijs, Hansen, O’Brien, & Staessen, 2013; Kario, Thijs, & Staessen, 2019). The 

diagnosis is confirmed when there is an elevated OBPM above the diagnostic thresholds 

(≥140/90mmHg) with normal out-of-office (< 135/85 mmHg for daytime ABPM or HBPM 

and/or < 130/80 for 24-hour ABPM) (Cloutier et al., 2015).   

The white coat hypertension is assumed as a neuro-endocrine reflex conditioned by 

anticipation of BPM taken and fear of what this measurement might indicate regarding future 

illness (Bloomfield & Park, 2017). The prevalence of WCH occurs in 15%-30% of the 

individuals with increased office readings (Franklin et al., 2013; Gorostidi, Vinyoles, Banegas, 

& de la Sierra, 2015; Hänninen, Niiranen, Puukka, Johansson, & Jula, 2012; O'Brien et al., 2013; 

Stergiou et al., 2014).  

WCH has an increased risk of CVD events in untreated individuals compared to 

normotensive individuals (Cohen et al., 2019; Franklin et al., 2013; Hansen et al., 2007; Mancia 

et al., 2013; Stergiou et al., 2014). Recent meta-analyses data suggest that WCH is associated 

with 38% CVD risk and 20% total mortality in the untreated cohort compared to normotensive 

individuals (Huang et al., 2017). WCH individuals have a high risk for CVD mortality, probably 
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due to the phenomenon of increased pulse pressure caused by arterial stiffness (Sung et al., 

2013). WCH must be precisely identified as this could lead to a false diagnosis of normotensives 

and hypertensives when in fact, their BP is under control when the measurement is taken out of 

the office (Cloutier et al., 2015; Franklin et al., 2013). False diagnosis will further cause long-

term antihypertensive treatment initiation, resulting in unnecessary cost and potential adverse 

side effects. Therefore, it is critical to closely follow up on patients with WCH and insist on 

lifestyle improvement. If left untreated, some patients with WCH will develop hypertension 

over time (Cloutier et al., 2015; Hansen et al., 2007; Mancia et al., 2013; Mancia et al., 2009). 

If WCH is identified, HPs should use out-of-office BPM to diagnose and manage hypertension 

(Cloutier et al., 2015).  

Masked hypertension  

Masked hypertension is defined as increased out-of-office readings with normal office 

readings in untreated individuals, and for treated individuals, the term used is masked 

uncontrolled hypertension (MUCH) (Gorostidi et al., 2015; Kario, Thijs, et al., 2019; O'Brien 

et al., 2013; Parati et al., 2018). Masked hypertension is confirmed when there is an elevated 

out-of-office BP above the diagnostic thresholds (≥ 135/85 mmHg for daytime ABPM or HBPM 

and/or ≥130/80 for 24-hour ABPM) with normal OBPM (<140/90mmHg) (Franklin, O’Brien, 

Thijs, Asayama, & Staessen, 2015; Gorostidi et al., 2015; Kario, Thijs, et al., 2019; O'Brien et 

al., 2013; Pickering, Eguchi, & Kario, 2007; Stergiou et al., 2014).  

The prevalence of masked hypertension is estimated to occur in 10%-30% of individuals 

(Gorostidi et al., 2015; Hänninen et al., 2012; Kario, Thijs, et al., 2019; O'Brien et al., 2013; 

Peacock, Diaz, Viera, Schwartz, & Shimbo, 2014; Stergiou et al., 2014; Trudel, Brisson, 

Larocque, & Milot, 2009) and the prevalence of MUCH occurs in 30% of the patients because 

of poorly controlled nocturnal BP (Agarwal, Pappas, & Sinha, 2016; Banegas et al., 2014; 

Franklin, O'Brien, & Staessen, 2017; Fujiwara, Yano, Hoshide, Kanegae, & Kario, 2018; Parati 

et al., 2018). The high prevalence is due to advancing age and is associated with baroreceptor 

sensitivity and increased BP variability (Franklin et al., 2017; Pickering et al., 2007).  
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Masked hypertension has a risk for target organ damage, CVD events and mortality 

(Bromfield et al., 2016; Franklin et al., 2015; Hänninen et al., 2012; Hänninen et al., 2013; 

Hansen et al., 2007; Kario, Thijs, et al., 2019; Peacock et al., 2014; Stergiou et al., 2014). Studies 

have also shown that patients with masked hypertension are at increased risk of developing 

sustained hypertension (Hänninen et al., 2013; Hansen et al., 2007; Mancia et al., 2009).  

Masked hypertension goes unnoticed in routine clinical assessment, although the patient 

is hypertensive. Therefore, OBPM alone is not sufficient to ascertain its detection, and 24-hour 

ABPM must be considered (Bromfield et al., 2016; Franklin et al., 2015; Hansen et al., 2007; 

Kario, Thijs, et al., 2019; Pickering et al., 2007; Whelton, 2019). Assessment of 24-hour BP, 

including both daytime and nighttime values, is important to facilitate masked hypertension 

diagnosis (Franklin et al., 2015; Hansen et al., 2007). A study reported that ABPM and HBPM 

effectively detected masked hypertension in a quarter of the patients  (Stergiou et al., 2014).  

Out-of-office blood pressure measurement methods 

Out-of-office BPM methods, such as HBPM and ABPM, have gained increasing 

importance in clinical practice due to technological advancements and increased awareness of 

OBPM limitations (Parati, Omboni, & Bilo, 2009). Both these methods provide more stable and 

reproducible information on BP values which is more useful for prognosis. According to 

Hypertension Canada guidelines, out-of-office BPM is necessary for the diagnosis of 

hypertension, and up until 2020, they were not promoted to be used for treatment and follow-

up (Rabi et al., 2020). 

Home BP measurement method (HBPM) 

The HBPM method refers to series of BP measurements taken by patients at home (Blom 

et al., 2015; Cloutier et al., 2015; Rabi et al., 2020). The measurements are taken with an 

oscillometric device twice in the morning and twice in the evening for seven days. In Canada, 

it is recommended to use the HBPM device approved by Hypertension Canada. The 

recommended threshold for HBPM in the general population for diagnosis of hypertension is 

≤135/85 mmHg (see Figure 1) (Rabi et al., 2020).  
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When performed in a standardized manner, HBPM has been shown to better predict 

CVD risk compared to OBPM and has better prognostic accuracy than OBPM (Bliziotis et al., 

2012; Bobrie et al., 2004; Bonafini & Fava, 2015; Cloutier et al., 2015; Fuchs, Mello, & Fuchs, 

2013; Niiranen, Hänninen, Johansson, Reunanen, & Jula, 2010; Shimbo, Abdalla, Falzon, 

Townsend, & Muntner, 2016; Stergiou, Kario, et al., 2018). In addition, results of a metanalysis 

showed HBPM is a significant predictor of CVD events and mortality compared with OBPM 

and has a significant prognostic value above OBPM (Ward, Takahashi, Stevens, & Heneghan, 

2012).  

Furthermore, HBPM can improve treatment adherence and contribute to better BP 

control (Bonafini & Fava, 2015; Cappuccio, Kerry, Forbes, & Donald, 2004; Kario, Thijs, et al., 

2019; McManus, Wood, et al., 2014; Staessen et al., 2004; Tucker et al., 2017; Uhlig et al., 

2013; Verberk et al., 2007). The result of two RCT studies showed that adjustment of 

antihypertensive therapy based on HBPM instead of OBPM leads to less drug prescription and 

lower medical costs (Staessen et al., 2004; Verberk et al., 2007). Because of its diagnostic 

accuracy and prognostic ability, HBPM plays an important role in the long-term management 

of treated hypertension (Stergiou, Kario, et al., 2018). 

HBPM offers several advantages over OBPM, for example, the elimination of white coat 

hypertension and observer bias; since the measurements are carried out in a familiar setting, 

more measurements can be obtained in a limited time, allows patient engagement and activation, 

HBPM data correlates better with daytime values of ABPM, evaluate the efficacy of drug 

therapy, assess day to day BP variability, provides multiple measurements for several days or 

longer time (Bloomfield & Park, 2017; Bonafini & Fava, 2015; Cloutier et al., 2015; Franklin 

et al., 2013; Parati et al., 2013; Stergiou, Kario, et al., 2018; Wood, Boulanger, & Padwal, 2017). 

However, HBPM has some limitations consisting of the time and education required to ensure 

measurements are performed in a standardized manner, patient anxiety and misreporting of BP 

readings, use of a non-validated device (Bonafini & Fava, 2015; Milot et al., 2015; Stergiou, 

Kario, et al., 2018; Verberk, Kroon, Kessels, & de Leeuw, 2005; Wood et al., 2017).  

 In addition, studies have reported that patients could not follow the HBPM protocol 

correctly and that no specific education was provided by their HP (Bancej et al., 2010; Flacco 
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et al., 2015; Logan et al., 2008; Milot et al., 2015). These studies indicated that less than half 

(≤50%) of the patients were compliant with guidelines, and ≥50% of patients received no 

specific education on HBPM from their HP.  

Like other BPM methods, HBPM requires a standardized technique to measure BP 

(Cloutier et al., 2015). However, if not performed correctly, HBPM can increase the risk of 

reporting bias by patients (Myers & Stergiou, 2014). Therefore, HPs must ensure that patients 

receive proper education regarding HBPM to improve their performance (Cloutier et al., 2015; 

Rabi et al., 2020). The protocol for HBMP is presented in Table III and Annexe 1 and briefly 

highlighted further. According to Hypertension Canada guidelines, HBPM must be performed 

using a validated upper arm electronic device with the correct cuff size; two readings in the 

morning and evening are take approximately 1 min apart for seven days (Rabi et al., 2020). The 

first-day readings are discarded, and the remaining readings are averaged. The patient must be 

sitting quietly with back supported, legs uncrossed, arm at the heart level, and resting for 5 

minutes before the measurement (Rabi et al., 2020). 

Additionally, preparation required before measurements must be explained to the 

patients that include measurements should be carried out at least two hours after the last meal, 

before taking medications, no caffeine or smoking in an hour and 30 minutes of rest before any 

physical activity. Once the education about HBM protocol is provided to patients, it is essential 

that HPs advise their patients about device purchase, interpretation of HBPM readings and verify 

patient's technique and device accuracy (Bonafini & Fava, 2015; Pickering et al., 2008). This 

will minimize the reporting bias and measurement errors. In Canada, HBPM booklets and 

logbooks are made available for patients by Hypertension Canada (Rabi et al., 2020). 

Ambulatory BP measurement method (ABPM) 

ABPM refers to out-of-clinic BPM using a fully automated device that automatically 

records and calculates BP readings every 20-30 minutes over a 24hour period (Blom et al., 2015; 

Cloutier et al., 2015). Over past decades many studies have looked at the BPM method that best 

correlates with clinical outcome (Gelfer et al., 2015; Grossman, 2013; O'Brien et al., 2013; 

Turner, Viera, & Shimbo, 2015). ABPM has emerged as the preferred method due to its ability 
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to take many measurements in patients' normal environment and measure BP during sleep. 

ABPM measured during 24-hour is considered the gold standard for diagnosing hypertension 

and is recommended by hypertension societies (Boffa, Constanti, Floyd, & Wierzbicki, 2019; 

Rabi et al., 2020; Whelton et al., 2018; Williams et al., 2018).  

ABPM estimates mean BP more accurately than clinic BP because of its ability to take 

multiple readings during daytime and nighttime (Hodgkinson et al., 2011; Kario, Shin, et al., 

2019). ABPM also provides data on BP variability and the circadian rhythm of BP in a given 

individual (Jegatheswaran et al., 2017). In addition to diagnosis, there are many clinical 

indications for ABPM, among which the prominent are detecting white coat hypertension, 

masked hypertension or MUCH, nocturnal hypertension, early morning BP surge pattern, BP 

variability and monitoring BP periodically in patients during pharmacological treatment 

(Dadlani, Madan, & Sawhney, 2019; Kario, Shin, et al., 2019; O'Brien & Dolan, 2016; Rabi et 

al., 2020; Whelton et al., 2018; Williams et al., 2018).  

There are several advantages of ABPM, including its ability to take a more significant 

number of BPM readings, absence of white coat hypertension, lack of observer bias, the 

requirement of minimal subject training, ability to daytime as well as night time BP readings, 

provides BP readings in a real-life setting, (at home, work, during rest, sleep, stressful events 

and physical activities) (Cloutier et al., 2015; Kario, Shin, et al., 2019; Pappaccogli et al., 2019; 

Williams et al., 2018). The limitations of ABPM include limited availability, expensive for both 

patients and provider, no reimbursement for provider and patient in some jurisdictions, not 

always well tolerated by patients, proper training to health professionals (Kario, Shin, et al., 

2019; Pappaccogli et al., 2019; Williams et al., 2018). 

ABPM would help reduce the possibility of misdiagnosis and overtreatment and ensure 

that the right people are treated with BP-lowering drugs and reduce the number of patients 

treated for hypertension (O'Brien & Dolan, 2016; Piper et al., 2015). For example, a large 

prospective study showed that compared with OBPM, 24-hour ABPM led to a 7% reduction in 

the proportion of older patients recommended for hypertension treatment and a substantial 

increase in the proportion of those with hypertension control (Banegas et al., 2015). In context 

to the cost-effectiveness of ABPM, the Ontario health technology assessment center 
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investigated the cost-effectiveness of using ABPM to confirm a diagnosis when OBPM is 

increased found that patients diagnosed using ABPM were more likely to have better BP control 

and discontinue drug therapy. The analysis concluded that considering the cost of over $2.3 

billion (CAD) spent on hypertension in Canada in 2003, the use of ABPM would have allowed 

saving Ontario's health care system $ 19 million over 5 years (Ontario, 2012). 

ABPM has the highest prognostic value for CVD risk due to its access to nighttime BP 

values, circadian BP status, 24-hour BP variability along with morning BP surge (Banegas et 

al., 2018; Gonzalez et al., 2017; Kario, Thijs, et al., 2019; Piper et al., 2015; Turner et al., 2015; 

Verdecchia, Angeli, & Cavallini, 2007; Zhu et al., 2020). Studies have reported that ABPM is a 

stronger predictor of CVD outcomes, target organ damage and mortality than OBPM and has 

the highest prognostic accuracy (Banegas et al., 2018; Bliziotis et al., 2012; Hansen et al., 2007; 

Niiranen et al., 2014; Parati et al., 2013; Piper et al., 2015; Turner et al., 2015). A meta-analysis 

showed that in hypertensive patients at high CVD risk, a nighttime SBP >130mmHg increased 

CVD risk by 52% compared to SBP < 115 mmHg and indicated that nighttime SBP was the 

only significant predictor of CVD outcomes compared to OBPM (de la Sierra, Banegas, Segura, 

Gorostidi, & Ruilope, 2012). Another recent meta-analysis data reported that a 20mmHg 

increase in nighttime SBP was significantly associated with 21-36% CVD risk, whereas daytime 

SBP was significantly associated with a 22% increase in stroke risk (Kario et al., 2020). There 

is increasing evidence supporting that nighttime BP is a significant predictor of CVD outcomes 

(Cloutier et al., 2015; Dadlani et al., 2019; de la Sierra et al., 2012; Hansen et al., 2011; Kario, 

2018; Roush et al., 2014; Salles et al., 2016).  

Usually, during sleep, BP is low, and a dip of 10%-20% is considered normal. Thus, 

nocturnal hypertension and non-dipping pattern are strongly associated with increased CVD 

mortality and morbidity. Approximately 70% of individuals show BP at night, and 30% have 

non-dipping patterns (Dadlani et al., 2019; de la Sierra et al., 2014; Kario, 2018; Turner et al., 

2015). Therefore 24-hour ABPM is more crucial because it reports nighttime BP (Cloutier et 

al., 2015).  
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The diagnostic threshold for daytime mean is ≥135/85 mm Hg, or 24-hour mean is 

≥130/80 mm Hg (Cloutier et al., 2015; Rabi et al., 2020). Health professionals must adequately 

provide education to patients regarding ABPM. The protocol is presented in Table III and 

Annexe 1 and briefly highlighted further. A validated upper arm device consisting of an 

oscillometric device worn on a belt and connected to an appropriately sized cuff must be used. 

The cuff should be applied to the non-dominant arm unless the SBP of > 10 mm Hg between 

two arms, in which case the arm with the highest value obtained should be used. The device is 

set to record 24-hour BP with measurement frequency set at 20-30 minutes intervals during the 

day and 30-60 minutes intervals during the night. However, the night interval frequency is 

revised in the 2020 guidelines, and the new recommended frequency is set at 20-30 minutes 

throughout day and night. ABPM should be performed regularly, and patients must use the 

activity logbook to note the daytime and nighttime activities, symptoms, and medications 

administered. This data is valuable for research purposes. ABPM test is considered successful 

if at least 70% of readings are valid and at least 20 daytime and 7 nighttime readings are valid. 

For ABPM, the diagnostic thresholds are lower than OBPM since values are obtained over 24 

hours, including the nighttime or sleep. The diagnostic threshold for the daytime mean is 

≥135/85 mm Hg, or the 24-hour mean is ≥130/80 mm Hg (Rabi et al., 2020). 
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Table III  Summary of recommended protocol for measuring BP by Hypertension Canada 

BPM methods Protocol  

 

OBPM 

Oscillometric 

 

The patient must be in a sitting position with 5 minutes of rest, back 

supported, legs uncrossed, feet flat on the floor, arm bare and supported, use 

of appropriate cuff size according to individuals arm circumference, bladder 

width should be close to 40% of the arm circumference and length should 

cover 80-100% of the arm circumference, cuff placement at heart level, 

lower edge of cuff 3 cm above the crease, and no talking or moving before 

or during the measurement. Three measurements must be performed, and an 

average of the last two must be taken. 

 

AOBP The patient must be sitting alone in a quiet room, no talking, legs uncrossed, 

back supported, and arm supported at heart level. Use appropriate cuff size. 

The device automatically takes subsequent readings and averages those 

readings. The average is displayed on the device that must be recorded. 

 

HBPM Measurements must be performed at home by patients using a validated 

upper arm electronic device with the correct cuff size. The patient must be 

sitting, quiet with back supported, legs uncrossed, arm at the heart level, and 

resting for 5 min before the measurement. Two readings in the morning and 

evening are taken approximately 1 min apart for seven days. The first-day 

readings are discarded, and the remaining readings are averaged.  

 

ABPM An appropriate-sized cuff should be applied to the non-dominant arm unless 

the SBP difference between arms is >10 mm Hg, in which case the arm with 

the highest value obtained should be used. The device should be set to record 

for at least 24 hours, with the measurement frequency set at 20-30-minute 

intervals during the day and every 30-60 minutes at night. (The frequency 

are revised for 2020 guidelines and included 20-30-minute interval 

throughout ay and night). Daytime and night-time measurements should be 

defined using the patient’s diary.  Alternatively, pre-defined thresholds can 

be used (e.g., 8 AM to 10 PM for awake and 10 PM and 8 AM for night-

time). A patient-reported diary to define daytime (awake), night-time 

(sleep), activities, symptoms and medication administration is useful for 

study interpretation. 

Data is taken from Hypertension Canada guidelines (Rabi et al., 2020) with permission (see Annexe 3) 

. 
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Recommendations for accurate measurement of blood pressure  

Accurate measurement of BP is a crucial aspect of hypertension management 

(Kaczorowski et al., 2012; Padwal et al., 2019). Our study follows the Hypertension Canada 

Guidelines and recommendations for BPM; therefore, those recommendations for accurate BPM 

measurement for all four BPM methods are presented in Annexe 2. 

Diagnostic algorithm in Canada 

Various hypertension societies have established recommendations for hypertension 

diagnosis and management (Boffa et al., 2019; Umemura et al., 2019; Unger et al., 2020; 

Whelton, 2019; Whelton et al., 2018; Williams et al., 2018). However, concerning our study 

and thesis, we are presenting the hypertension diagnostic algorithm in Canada. The diagnostic 

algorithm is presented in Figure 1. In Canada, diabetes was included in the diagnostic algorithm 

to provide a comprehensive overview of the diagnosis of hypertension. If at visit 1, mean OBPM 

or AOBP SBP/DBP is ≥ 180/110 mm Hg, hypertension is diagnosed. If the mean OBPM is ≥ 

140/90 mm Hg or the mean AOBP is ≥135/85 mm Hg or the mean OBPM is ≥130/80 mm Hg 

(diabetes), then the out-of-office measurement is performed before visit 2. ABPM is the 

recommended out-of-office measurement method, and HBMP is recommended if ABPM is not 

tolerated, not readily available, or patient preference. The patient can be diagnosed with 

hypertension if the mean awake ABPM is ≥135/85 mm Hg or the mean 24-hour is ≥130/80 mm 

Hg and if the mean HBPM is ≥135/85 mm Hg (Rabi et al., 2020). Autorisation is obtained to 

reuse Figure 1 (see Annexe 3). 

 

 

 

 

 

 



38 
 

 

 

Figure 1 Hypertension diagnostic algorithm for adults in Canada: reused with permission 

 

Sources of error during blood pressure measurement 

Multiple causes of inaccuracy exist and can be categorized into patient-related, 

procedure-related, equipment-related, and observer-related (Kallioinen et al., 2017; Padwal et 

al., 2019). The sources of errors are summarized in Table IV. A recent systematic analysis study 

included 328 studies investigating the source of inaccuracy during BPM by categorizing to 

patient, device, procedure, or observer related. Results showed that these sources significantly 

affect SBP and DBP, contributing to underestimation or an overestimation of BP (Kallioinen et 

al., 2017). 
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Table IV  Summary of sources of error during blood pressure measurement 

Source Range of mean error in SBP/DBP mm Hg 

 SBP DBP 

Patient-related   

      Acute meal ingestion -6 -5  to   -2 

      Acute caffeine use +3 to +14 +2 to +13 

      Acute nictoine use +3 to +25 +3 to +18 

      Exposure to cold +5 to +32 +4 to +23 

      Bladder distension +4 to +33 +3 to +19 

      White-coat effect Up to +26 Up to +21 

Procedure-related    

      Insufficient rest +4 to +12 +2 to +4 

      Legs crossed at knees +3 to +15 +1 to +11 

      Body position    

          Standing  -3 to +5 +7 

          Supine  -11 to +10 -13 to +6 

      Unsupported back No significant effects reported +7 

      Unsupported arm +5 +3 to +5 

      Arm lower than heart level +4 to +23 +3 to +12 

      Incorrect cuff size   

          Smaller cuff +2 to +11 +2 to +7 

          Larger cuff -4 to -1 -5 to -1 

      Talking during measurement  +4 to +19 +5 to +14 

Equipment related   

      Automated device variability -4 to +17 -8 to + 10 

 

Observer related 

  

      Terminal digit preference for zero   

(during auscultatory 

measurement) 

Up to 79% over-representation of terminal zero 

      Observer hearing deficit -2 +1 to +4 

      Reliance on single measurement +3 to +10 - 2 to +1 

 

Data taken from (Kallioinen et al., 2017; Padwal et al., 2019); 

+,overestimation,-,underestimation 

Notes. SBP, systolic blood pressure; DBP, diastolic blood pressure.  
  

 



40 
 

Role of nurses in hypertension management 

It is essential to highlight the role of nurse in hypertension management as they are the 

frontline professionals delivering primary care to the general population and involved in various 

aspects of hypertension management. Nurses are key health professionals who work closely and 

collaboratively with patients and act as liaisons between patients and the interprofessional team 

(McLean, Kingsbury, Costello, Cloutier, & Matheson, 2007). Nurses are often involved in all 

stages of hypertension management, such as patient education, coordinating and delivering 

direct care, assessment, treatment, and follow-up. In addition, nurses contribute to improving 

health and disease prevention through their enhanced knowledge and skills (McLean et al., 

2007). 

Traditionally, the nurses' role was limited to routine monitoring of vital signs and BPM, 

collecting samples, managing appointments and education, and counselling (McLean et al., 

2007). Over the years, the role of nurses expanded with evidence-based protocols to guide nurses 

and training programmes (Himmelfarb, Commodore-Mensah, & Hill, 2016). As nurses' skills 

evolved through graduate training, their roles in hypertension management evolved 

(Himmelfarb et al., 2016). Nurses gained skills to assess patients' health status, adjust 

medications, address hypertension care and control barriers, and assess and manage 

hypertension (Himmelfarb et al., 2016). Globally, nurses have advanced their knowledge, skills, 

and decision-making competencies by specializing in programmes such as nurse practitioners 

(McLean et al., 2007). Nurse practitioners (NPs) have legislative authority and the competencies 

to diagnose and treat chronic diseases autonomously, order and interpret diagnostic tests, 

prescribe medication, perform specific procedures within the legislated scope of nursing 

practice, and practice independently or in teams (Himmelfarb et al., 2016; McLean et al., 2007).  

The roles of nurses are evolving, and possibilities for involvement are limitless in 

hypertension management (Clark, Smith, Taylor, & Campbell, 2010; McLean et al., 2007). 

Today the role of nurses in hypertension management involves all aspects of care, including 

detection, referral and follow-up, diagnostics and medication management, patient education, 

counselling and skill-building, coordination of care, clinic or office management, population 
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health management, performance measurement and quality improvement (Himmelfarb et al., 

2016). In Canada, nurses are involved in assessment, diagnosis, and treatment (McLean et al., 

2007). Assessment and diagnosis include assessing patients' condition, health history and 

physical examination, participating in hypertension screening, office, home and ambulatory 

BPM, participating in support and education concerning HBPM, ordering and interpreting 

laboratory tests (NPs) (McLean et al., 2007). Nurses role in treatment includes use a holistic 

approach for care by engaging patient and family in hypertension management, involve the 

patient in the decision making process, prescribe medication (NPs), monitor efficacy of 

pharmacological treatment and adherence to treatment, help educate and evaluate lifestyle 

changes (McLean et al., 2007).  Beyond the traditional roles, nurses have been involved in clinic 

and community-based research and have assumed leadership roles to improve hypertension care 

and control (Himmelfarb et al., 2016). In Canada, nurses have expanded their roles in high-

quality research, advocacy and are involved in all steps of knowledge translation, guideline 

development and guideline dissemination (McLean et al., 2007).  

One of the key features of effective hypertension care is interprofessional team practice 

(Himmelfarb et al., 2016; Santschi et al., 2014). Depending on the country’s regulations and 

traditions, the team members can vary. For example, in Canada, this team can include patients, 

nurses, physicians, pharmacists, nutritionists, kinesiologists, and social workers. 

Interprofessional team practice enriches the experience of delivering care, expanding 

knowledge, and supporting patient-centred care (McLean et al., 2007). In addition, team-based 

care allows the primary provider to delegate routine matters to the team, thereby permitting 

more time to manage complex and critical patients (Himmelfarb et al., 2016; Santschi et al., 

2014). It also aims to achieve effective hypertension control and reduce the consequences of 

uncontrolled hypertension (Proia et al., 2014). Several randomized controlled trials (RCTs) and 

meta-analyses involving team-based hypertension care delivered by nurses, NPs, pharmacists 

when compared with usual care have demonstrated a more significant reduction in SBP and 

DBP and greater achievement of BP targets (Carter, Bosworth, & Green, 2012; Clark et al., 

2010; Proia et al., 2014; Santschi et al., 2014; Shaw et al., 2014). In Canada, nurses are often 

encouraged to participate in interprofessional team practice with patient-centred care (McLean 

et al., 2007). Nurse-led clinics, interprofessional team practice, and research involvement have 
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contributed to the increasing number of patients receiving high-quality hypertension care and 

control (Himmelfarb et al., 2016).  

 

Role of health professionals in blood pressure measurement 

Health professionals (HP), namely physicians, nurses and pharmacists, are involved in 

blood pressure measurement and hypertension management (Carter et al., 2012; Himmelfarb et 

al., 2016; Kaczorowski et al., 2012; Marra, Johnston, Santschi, & Tsuyuki, 2017). All three HPs 

are skilled professionals and have the required education. Physicians are the specialist in BPM 

and hypertension management due to the broader education they receive. Their role in BPM is 

mainly to measure BP, diagnose hypertension based on the BP readings, prescribe and decide 

pharmacological treatment to patients, follow-up of patients on treatment and patient education 

concerning the device to use for HBPM. Overall, physicians are involved in decision-making. 

Nurses are primarily involved in BPM (Curzio & Beevers, 1997; Himmelfarb et al., 2016; 

Jackson, Ayala, Tong, & Wall, 2019; McLean et al., 2007). They measure BP regularly, provide 

education and instructions to patients on HBPM, perform screening and follow-up. The patients' 

education involves the techniques to measure BP, such as body position, arm position, cuff size 

and cuff placement, taking readings and logging those readings, reporting the readings to nurses 

or doctors, and the number of days the measurements should be performed pre-requisites before 

measuring BP. Nurses also provide education regarding pharmacological treatment.  

Pharmacists are highly accessible primary providers and ideally placed to address the 

care gaps in hypertension management (Tsuyuki, Beahm, Okada, & Al Hamarneh, 2018). 

Pharmacists work closely with physicians and nurses, and their role in BPM and hypertension 

management focuses on patient education and counselling (including instructing patients about 

HBPM and device purchase, educating patients regarding device use and maintenance); 

recommendation to physicians about antihypertensive therapy (including drug-related problems, 

recommendations for changing pharmacotherapy and development of care plan); direct 

medication management with patients (including prescribing drug therapy, monitoring with 

adjustment or change in medication) (Marra et al., 2017; Matowe et al., 2008; Santschi et al., 
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2014). However, pharmacists also measure BP at the pharmacies and educate patients about 

BPM (Matowe et al., 2008).  

 

Educational interventions performed in blood pressure measurement 

Education in BPM for HPs and patients is a critical component in hypertension 

management (Campbell et al., 2019; Milot et al., 2015; Padwal et al., 2019). Hypertension 

Canada uses many strategies to reach HPs who care for patients with hypertension (Rabi et al., 

2020). Efforts include knowledge translation, exchange forums, targeted educational material 

for primary care providers and patients, slide kits and summary documents (Rabi et al., 2020). 

However, OBPM training is included in initial training across Canada, but other methods are 

not necessarily covered in the programs. A multitude of evidence has addressed significant gaps 

in knowledge and practice concerning BPM among physicians and nurses  (Campbell et al., 

2005; Cloutier, 2007; Dickson & Birkett, 1988; Dickson et al., 2013; McKay et al., 1992). These 

studies have highlighted the need for knowledge translation and educational interventions. 

Educational interventions can positively modify the behaviour of HPs that will lead to 

improvement in adherence to guidelines (Ribeiro et al., 2015). Patient education will improve 

patients' ability to measure BP at home accurately, and treatment adherence will contribute to 

better BP control (Magadza, Radloff, & Srinivas, 2009; Ribeiro et al., 2015). One of the roles 

of HPs is to provide education and training to patients concerning HBPM. A Canadian study 

that investigated the outcome of three educative programmes, including individual, group and 

self-learning, on 60 participants indicated that participants attending an individual or group 

training programme for HBPM retained their theoretical and practical knowledge better than 

before those engaged in self-learning (Leblanc, Cloutier, & Veiga, 2011). This was attributed to 

interaction with the nurse.  

Several studies have shown that structured educational programmes for HPs and patient-

oriented education can improve intermediate outcomes in hypertension management and 

achieve better BP control (Chang, Fritschi, & Kim, 2012; Hacihasanoğlu & Gözüm, 2011; Perl 
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et al., 2011). A pilot project demonstrated that a structured programme such as a blood pressure 

measurement education programme (BEEP) improved knowledge and practice among nurses 

and is feasible and acceptable to nurses (Dickson & Hajjar, 2007). The study also highlighted 

the need for continuous reinforcement and evaluation of knowledge and practice to avoid the 

decline of these areas over time. Wider adoption of such a program can improve the accuracy 

of BPM and potentially reduce high health care costs at the national level (Dickson & Hajjar, 

2007). Recent studies that assessed knowledge of physicians and nurses before and after an 

educational programme reported significant improvement in their knowledge (Block et al., 

2018; Dalfó-Pibernat et al., 2018; Daniel, Veiga, Machado, Mafra, & Cloutier, 2019; Rabbia et 

al., 2013).  

With recent advancement in educational programmes, web-based education has gained 

popularity as a modality for delivering up to date, standardized, accessible training in line with 

organizational goals  (Block et al., 2018; Compas, Hopkins, & Townsley, 2008; Cook, 2006; 

Ruiz, Mintzer, & Leipzig, 2006). Such educational programmes can promote the long-term 

viability of education that needs constant reinforcement of knowledge. This could effectively 

improve the quality of education and evaluation of knowledge and practice (Ruiz et al., 2006). 

 

Conceptual framework 

Health professionals play an important role in BPM and hypertension management. It is 

therefore essential to determine their clinical competencies about knowledge, perception and 

practice. A wide range of factors can influence the clinical competencies of HP that includes 

their knowledge, skills, attitudes, individual motivation, interest, values (Roe, 2002). Therefore, 

to determine the clinical competency of HP, we have adopted the framework on the 

“Competence architecture model” by Robert Roe (Roe, 2002). The model is presented in Figure 

2. According to Roe, competencies are built from sub competences, knowledge, attitudes and 

skills. This whole structure is built upon the individual abilities, personality traits and other 

characteristics such as biographical, interests, values (Bartram & Roe, 2005; Roe, 2002). The 

definitions are presented in Table V. 
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Figure 2   Competence architecture model (Roe, 2002) (used with permission)1 

 

According to Roe, competence is the intellectual ability to perform a task, duty or role 

(Bartram & Roe, 2005; Roe, 2002). Competence has two features, first, a specific type of work 

to be performed in a particular work setting, and second, it integrates with several types of 

knowledge, skill, and attitudes that are assessed separately (Roe, 2002). Examples of 

competence are making a budget plan (accountant), drafting a contract (lawyer), carrying out a 

tooth extraction (dentist), providing behaviour therapy (clinical psychologist), developing and 

applying a personnel selection procedure (work and organizational psychologist). Competences 

are typically acquired in the process of learning-by-doing in the actual work situation, during an 

internship or in a simulation-based learning situation (Roe, 2002). The definitions are presented 

in Table V.  

 

 

 

1 Used with permission from European Psychologist, Vol. 7, No. 3, September 2002, pp. 192–202 

© 2002 Hogrefe & Huber Publishers (now Hogrefe Publishing)  

www.hogrefe.com https://doi.org/10.1027//1016-9040.7.3.192 
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The competence architecture model was intended as a guide for designing a competence-

based curriculum for European work and organizational psychology (Bartram & Roe, 2005; 

Roe, 2002). This model was originally used to assess psychologists' competence during training 

and before starting their practice. However, this model is designed to apply to any area of 

practice and occupation. For example, the model can be applied to identify competence at health, 

work, education, public health care, behavioural health workforce and school system (Bartram 

& Roe, 2005; Roe, 2002). So far, this model is applied in the engineering field to understand if 

engineers require technical and non-technical competence (Parts, Teichmann, & Ruutmann, 

2013). 

Roe suggests applying this model in student selection, academic curriculum design, 

basic professional training, continued professional training, accreditation, and quality assurance 

(Bartram & Roe, 2005; Roe, 2002). An example is presented further. As this model was applied 

explicitly in psychology, Roe defines competences as the higher-level task or duties the 

psychologist must fulfill, such as conducting an individual assessment. Sub competencies are 

the lower-level task related to fulfilling such essential occupational functions as administering 

tests, conducting interviews, applying group techniques, and searching for literature. The 

knowledge pertains to the various theories and empirical data produced within the different 

fields of psychology. The attitudes relate to accuracy, integrity, self-criticism, commitment, 

responsibility, respect and tolerance for others, ethical awareness, service orientation.  

The skills apply to oral and written communication, observing and listening, problem 

analysis, applying statistical methods, using computer software. In addition, the abilities, 

personality traits, and other characteristics such as styles, values, interests, physical traits, and 

biographical characteristics are required to successfully complete the academic and professional 

learning processes to become a psychologist (Bartram & Roe, 2005; Roe, 2002). The model 

describes that to perform a given task, one should acquire the necessary knowledge and skills, 

display the appropriate attitudes, and ultimately carry out the task to the standard expected by 

their profession. 
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Application of the competence architecture model in our study 

The objective of our study was to assess the knowledge, perception and practice of HPs, 

namely physicians, nurses and pharmacists, concerning the different BPM methods. Given the 

objectives of our study, the three concepts of the model, namely knowledge, attitudes, and skills, 

are replaced with our study concepts, namely knowledge, perception and practice. The 

definitions are presented in Table V.  

We prefer to follow the competence architecture model for several reasons. First, this 

theoretical model is based on well-defined work, organizational psychology theories, and 

concepts that complement one another and are compatible with existing learning and activity 

theories. Second, it may be applied to different occupations. Third, it provides the opportunity 

to define competencies as a learned ability to do a specific task (for example, blood pressure 

measurement).  HPs' competencies may be viewed as a set of behaviours that enables them to 

complete the required task effectively. Fourth, it allows for a better understanding of the 

interrelation between knowledge, skills, attitudes, and competence influenced by individual 

abilities, personality traits, and other characteristics. Our study offers a better understanding of 

HPs knowledge, perception, and practice concerning the different BPM methods. 
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Table V  Definition of concepts according to competence architecture model and its application 

in our study 

Competence architecture model Concepts Application in our study 

A learned ability to adequately 

perform a task, duty, or role.  

 

Competence 

 

Blood pressure measurement  

 

Competences that often learned in 

scholastic situations. 

Sub 

competence 

 

Theoretical and practical education 

concerning BPM that is acquired at 

school, internships or through specific 

BPM training. 

 

Ability to reproduce or recognize 

specific facts and result from 

what the individual has 

accomplished using his or her 

mental capacities. 

 

Knowledge 

 

Knowledge is defined as theoretical 

comprehension of BPM methods. 

Person readiness or willingness to 

act in accordance with his 

personal values. 

Attitude 

 

Attitude is replaced with Perception. 

Perception is defined as the beliefs of 

HPs towards the usefulness of BPM 

methods. 

 

Abilities to perform specific tasks 

in a prescribed manner 

 

Skills Skills are replaced with Practice. 

Practice is defined as the 

implementation of recommended 

BPM methods for hypertension 

management in clinical practice 

 

Abilities are his capacity to 

acquire the necessary knowledge 

and skills. 

Abilities Not applicable 
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of health professionals regarding blood pressure 

measurement methods: a scoping review 
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This chapter presents the published article 1 of the thesis. First, a brief introduction to scoping 

review is presented, followed by the original article. The methodology is thoroughly and 

systematically described in the article. The manuscript was submitted to the Journal of 

Hypertension on April 7, 2020, published in March 2021. Next, the preliminary results of the 

scoping review were presented as a poster presentation at various conferences. The reference 

list for poster presentations and posters is attached in special documents Annexe 22-23. Finally, 

an editorial was published on our scoping review that highlighted BPM as an essential clinical 

skill worldwide (Cappuccio, 2021). 
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Introduction to scoping review 

This paragraph presents a brief introduction to scoping review in terms of context and 

its objective.  

Context and objective 

Hypertension is the most critical risk factor contributing to the global burden of the 

disease (Beaney et al., 2020). Around 40% of the global adult population is still unaware or 

uncontrolled, thus susceptible to further complications affecting the brain, heart, kidneys 

(Beaney et al., 2020; Zhou et al., 2019). Hypertension guidelines for HP have been developed 

and disseminated in many countries worldwide (Kotchen, 2014; Whelton, 2019). These 

guidelines recommend using standardized BPM methods, namely home, ambulatory, office, and 

automated for accurate BPM. If performed inaccurately, it results in misdiagnosis and 

overtreatment, thus increasing the unnecessary burden of disease (Handler, 2009; Piper et al., 

2015). BPM is the most commonly performed procedure in clinical practice by HP and requires 

adequate knowledge, perception, and practice. Unfortunately, in clinical practice, BPM is often 

suboptimally performed (Clark, Horvath, Taylor, & Campbell, 2014; Handler, 2009; Padwal et 

al., 2019; Pickering et al., 2005; Ringrose & Padwal, 2017). 

Moreover, knowledge, perception and practice of HPs concerning the four BPM 

methods have been studied individually but not systematically. Therefore, we found it 

appropriate to conduct a scoping review to gather evidence to see the current BPM state. This 

evidence would help develop our research on BPM that will be conducted in Canada. Therefore, 

the objective was to perform a scoping review to identify knowledge, perception, and practice 

of physicians, nurses, and pharmacists regarding the home, ambulatory, office, and automated 

BPM methods. The full methodology is presented in the article.  
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Résumé en français 

Objectif : La performance concordante aux lignes directrices de la mesure précise de la pression 

artérielle (PA), que la modalité soit à domicile (MPAD), ambulatoire (MAPA), en 

oscillométrique en série (MPAC-OS) et clinique (MPAC), dépend de la technique appropriée. 

Les connaissances, la perception et la pratique des professionnels de la santé pour la mesure PA 

sont cruciales et ont été en partie étudiées, mais un examen approfondi n'a jamais été rapporté. 

Une revue de la portée des études mondiales a été menée pour synthétiser les données publiées 

sur ce sujet. 

Méthodes : Un cadre méthodologique Arksey et O`Malley a été utilisé. Les mots clés ont été 

identifiés et l'extraction a été achevée jusqu'en avril 2019 à l'aide de CINAHL et MEDLINE. 

Les études ont été classées comme positives pour les connaissances, la perception et la pratique 

si la majorité (> 50 %) des réponses rapportées étaient favorables, et négatives dans le cas 

contraire. Si des résultats spécifiques n'étaient pas rapportés, les conclusions de l'auteur ont été 

utilisées pour classer. 

Résultats : Soixante-douze études ont été identifiées : 25 MPAD, 14 MAPA, 2 MPAC-OS, 40 

MPAC. Pour la connaissance, le pourcentage d'études négatives était plus élevé pour MPAD 

(40 %) et MPAC (68 %) et plus faible pour MAPA (14 %) en ce qui concerne les techniques de 

la mesure PA. Pour la perception, le nombre d'études négatives était plus faible pour MPAD (20 

%) et MAPA (7 %) concernant l'utilité des méthodes de la mesure PA dans la gestion de 

l'hypertension. Pour la pratique, le nombre d'études négatives était plus élevé pour MPAD (48 

%), MAPA (71 %), MPAC (73 %) et MPAC-OS (50 %) concernant la mise en œuvre des 

directives sur l'hypertension. 

Conclusion : Les résultats de cette revue de cadrage démontrent une perception adéquate du la 

mesure PA, mais des connaissances et des pratiques sous-optimales. L'éducation est encore 

nécessaire pour améliorer les connaissances et la pratique. Les efforts futurs devraient se 

concentrer sur l'amélioration de ce que nous savons et ce que nous faisons lors de la mesure de 

la PA.  
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Abstract  

Objective: Guideline-concordant performance of accurate blood pressure measurement (BPM), 

whether the modality is home (HBPM), ambulatory (ABPM), automated (AOBP) or office 

(OBPM), is dependent on proper technique. Knowledge, perception and practice of health 

professionals for BPM is crucial and has been partly studied, but a thorough review has never 

been reported. A scoping review of global studies was conducted to synthesize published data 

on this topic.  

 

Methods: An Arksey and O`Malley methodological framework was used. Keywords were 

identified, and extraction was completed to April 2019 using CINAHL and MEDLINE. Studies 

were classified as positive for knowledge, perception and practice if the majority (>50%) of 

reported responses were favourable and negative otherwise. If specific results were not reported, 

the author’s conclusions were used to classified.  

 

Results: Seventy-two studies were identified: 25 HBPM, 14 ABPM, 2 AOBP, 40 OBPM. For 

knowledge, the percentage of negative studies was higher for HBPM (40%) and OBPM (68%) 

and lower for ABPM (14%) regarding BPM techniques. For perception, the number of negative 

studies was lower for HBPM (20%) and ABPM (7%) regarding the usefulness of BPM methods 

in hypertension management. For practice, the number of negative studies was higher for HBPM 

(48%), ABPM (71%), OBPM (73%) and AOBP (50%) regarding implementation of 

hypertension guidelines.  

 

Conclusion: The results of this scoping review demonstrate the adequate perception of BPM 

but suboptimal knowledge and practice. Education is still needed to improve knowledge and 

practice. Future efforts should focus on improving what we know and what we do when 

measuring BP.  

 

Keywords: knowledge, perception, attitude, practice, physician, nurse, pharmacist, ambulatory 

blood pressure monitoring, home blood pressure monitoring, automated office blood pressure 

measurement, blood pressure determination. 
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Introduction 

Hypertension is a leading global risk factor accounting for 10.4 million deaths and 218 

million disability-adjusted life-years (DALYs) (Stanaway et al., 2018). Hypertension affects 

40% of the global adult population aged ≥ 25 years (Lim et al., 2012). In 2000, 1 out of 6 world’s 

adult population aged 20 years and above had hypertension which increased by 7,7% in 2010 

and is predicted to grow to 50% by 2050 (Kearney et al., 2005; Mills et al., 2016). Globally, in 

2015, it is estimated that 3.5 billion individuals had systolic blood pressure (SBP) of at least 110 

to 115 mmHg (Forouzanfar et al., 2017). A global campaign by the International Society of 

Hypertension (ISH) identified that over a third of a million adults had untreated hypertension, 

and 40.5% of hypertensive adults were unaware of having hypertension (Beaney et al., 2020). 

In Canada, approximately 23% of the adult population [24,3% women and 21,7% men] have 

been diagnosed with hypertension (Robitaille et al., 2012). Although Canada has the highest 

blood pressure (BP) control rates, one-third of the population (32.5%) remains either unaware 

or not controlled, thus susceptible to complications (coronary heart disease, chronic kidney 

disease, stroke) (Padwal, Bienek, McAlister, & Campbell, 2016). 

Accurate BP measurement (BPM) is of great importance in hypertension management 

since improper BPM can result in misdiagnosis, treatment inaccuracies and increased 

cardiovascular risk (Campbell, Culleton, & McKay, 2005; Kallioinen, Hill, Horswill, Ward, & 

Watson, 2017). The guidelines by the American Heart Association (AHA), Hypertension 

Canada, European Society of Hypertension (ESH), National Institute for Health and Care 

Excellence (NICE) have meticulously appraised the evidence supporting the use of BPM 

methods in hypertension management (Boffa, Constanti, Floyd, & Wierzbicki, 2019; Muntner 

et al., 2019; Nerenberg et al., 2018; Williams et al., 2018). These guidelines recommend using 

standardized BPM methods, namely home (HBPM) and ambulatory (ABPM) to confirm the 

diagnosis of hypertension; and automated (AOBP) and office (OBPM) for screening and 

treatment of hypertension. Validated devices should be used in all cases.  

When measuring BP in the office, the auscultatory technique can cause inaccuracy and 

errors in BPM and, therefore, the use of electronic oscillometric and/or automated devices is 

preferred (Campbell et al., 2014; Cloutier et al., 2015). The evidence-based guidelines are 
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established to assist health professionals (HP) in decision-making for the management of 

hypertension based on clinical judgement for individual patients (Muntner et al., 2019; 

Nerenberg et al., 2018; Williams et al., 2018). However, these guidelines need to be put into 

practice and implemented. Few attempts have been made at compiling all the evidence, and 

studies have been published demonstrating that BPM is less than optimal (Lamarre-Cliché, 

Cheong, & Larochelle, 2011; Padwal et al., 2019; Rinfret et al., 2017; Staessen et al., 2017). 

HP play an important role in BPM and hypertension management. Thus, a clearer picture 

of the knowledge, perception and practice of HP is needed. BPM methods have been studied 

individually concerning either knowledge, perception, and practice but not systematically and 

not in Canada. To our best knowledge, so far, no systematic and scoping reviews have been 

performed specifically on this topic of BPM (Cloutier, 2007). Therefore, this is not just one 

more review but the first scoping review to provide a comprehensive scenario about BPM 

globally. Scoping reviews are useful to identify gaps in evidence, mapping evidence to inform 

the practice in the topic of interest and clarify concepts (Arksey & O'Malley, 2005; Peters et al., 

2015) (The Joanna Briggs Institute, 2015). We performed a scoping review to present a global 

analysis of knowledge, perception, and practice of HP concerning BPM methods and further 

identify if gaps exist in the implementation of international hypertension guidelines by HP. 

Methods  

Scoping review process 

A scoping review was performed using the methodological framework suggested by 

Arksey and O`Malley (2005) (Arksey & O'Malley, 2005) and further refined by Joanna Briggs 

Institute (Peters et al., 2015). The stages of this framework include identifying the research 

question, identifying different key terms for the search strategy, identifying relevant studies 

using those key terms, selecting studies, charting the data, and collating, summarizing, and 

reporting the results (Arksey & O'Malley, 2005; Peters et al., 2015).   
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Identifying research question 

This scoping review addresses the underlying research question: What is the extent of 

literature related to knowledge, perception, and practice of HP regarding BPM methods? 

Identifying key terms: Definition of concepts 

To identify and include the relevant studies, the three concepts, namely knowledge, 

perception, practice, and four BPM methods, were defined accordingly (see Table VI ). The 

definitions for the three concepts are derived from the framework on the “Competence 

architecture model by Robert Roe (2002) (Roe, 2002). This framework aims to determine the 

clinical competency pertaining to knowledge, perception and practice of HP. BPM methods 

were defined using the Hypertension guidelines published by International Hypertension 

Societies, namely AHA, ESH, Hypertension Canada, NICE, British Hypertension Society 

(BHS). 

Table VI Definition of BPM methods 

BPM methods Definition 

HBPM BP is measured by the patient with an oscillometric device at home. 

ABPM Out of clinic BPM over 24hr using a fully automated device. 

AOBP In-clinic BPM using an oscillometric device that automatically records 

multiple BP readings and averages those readings. 

OBPM In-clinic BPM by a trained HP using the oscillometric or auscultatory 

device. 

 

 

Selection of studies 

Studies were included if they focused mainly on knowledge, perception, and practice on 

BPM methods (home, ambulatory, office, automated) and HP (physicians, nurses and 

pharmacists), respectively. In addition, studies in English and French language were considered 

for inclusion.  
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Search methods  

A comprehensive literature search of human studies was performed using CINAHL and 

MEDLINE databases. Key words were identified from relevant publications and MeSH terms. 

A preliminary search strategy was formulated, assembling all the identified keywords. After 

several rounds of preliminary search, we identified our final search strategy. The search strategy 

was used separately for each database. Additionally, studies were identified through web 

searches and by reviewing the reference lists of all articles. Each database was searched from 

inception to April 2019 and further updated in November 2019. 

Charting the data: Data extraction and analysis 

The following details were extracted from the studies: author, year of publication, BPM 

guidelines, study population, the objective of the study, classification of studies based on the 

three themes, methodology, results, statistical analysis. For knowledge, data were extracted 

regarding diagnostic thresholds and techniques to measure BP as recommended by national and 

Canadian guidelines. For perception, data were extracted regarding the perception of HP about 

the usefulness of BPM methods. For practice, data were extracted regarding the practice of HP 

about using BPM methods in clinical practice as recommended by guidelines. BPM guidelines 

suggest using BPM methods for hypertension management, including hypertension screening, 

diagnosis, treatment, and follow-up. 

Furthermore, for each concept, a classification was defined according to the results 

presented in each study. The criteria for the classification of studies are reported in Table VII. 

For example, knowledge was classified as inadequate and adequate; perception was classified 

as negative and positive, and practice was classified as unsatisfactory and satisfactory.  

For analysis, the criteria for analysis are presented in Table VII. Results from each study 

were categorized as positive or negative. If the reported responses were >50%, the results were 

classified as positive, and if the reported responses were ≤50%, then the results were classified 

as negative. If the studies did not report specific results, the decision regarding classification 

was based on the author’s conclusions. For example, studies showing inadequate knowledge, 

negative perception, unsatisfactory practice, with reported responses of ≤50%, were classified 
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as negative. Whereas studies showing adequate knowledge, positive perception, satisfactory 

practice, with reported responses of >50%, were classified as positive. 

Table VII  Criteria for classification of studies and definition of concepts 

Concepts Definitions Classification of concepts and results 

 Negative   ≤ 50% Positive   > 50% 

Knowledge  

Theoretical understanding of BPM methods 

concerning BPM techniques and diagnostic 

thresholds 

 

 

Inadequate 

knowledge 

 

Adequate 

knowledge 

Perception  

Beliefs of HP towards the usefulness of BPM 

methods for hypertension management 

 

 

Negative 

perception 

 

Positive 

perception 

Practice  

Implementation of BPM methods in clinical 

practice for hypertension management as 

recommended by guidelines 

 

Unsatisfactory 

practice 

 

Satisfactory 

practice 

 

 

Results  

Study selection 

The PRISMA flow diagram (see Figure 3) represents the scoping review process for 

identification, screening, eligibility, and inclusion of studies, along with the reasons for 

excluding studies. Overall, 1456 articles across Medline (927) and CINAHL (529) databases 

were retrieved. After the removal of duplicates, 1316 articles remained. After the title scan, a 

comprehensive abstract scanning of 220 articles resulted in identifying 92 potentially relevant 

articles for full-text review. Additional 30 articles were identified through reference scanning. 

Thus, a total of 122 full-text articles were assessed for eligibility. After a full-text review, 72 

potentially relevant studies were identified for the final data extraction and analysis.    
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Out of the 72 studies identified, 25 (35%) studies focused on HBPM, 14 (19%) studies 

on ABPM, 2 (3%) studies on AOBP and 40 (56%) studies focused on OBPM. Since a few 

studies have assessed two concepts simultaneously in a single study, the total number of studies 

for each BPM method exceeds the overall total. Similarly, a few studies included both 

physicians and nurses in a single study. To achieve the objective of the scoping review, we are 

presenting results distinctly for physicians and nurses irrespective of their inclusion in the same 

studies (see supplemental content). Results for each BPM method are presented regarding the 

knowledge, perception, and practice of physicians, nurses, and pharmacists. 

 

 

Figure 3  Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

flow diagram for the scoping review process 
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Study characteristics  

Most studies enrolled physicians, whereas few studies enrolled nurses and pharmacists. 

These studies were performed in USA, Canada, Europe, UK, Asia, Australia, Africa.   The 

majority of studies implemented guidelines, namely, AHA, ESH, NICE, BHS, Seventh Report 

of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High 

Blood Pressure (JNC7), Canadian Hypertension Education Program (CHEP), Japanese Society 

of Hypertension (JSH). In addition, most of the HBPM, ABPM and AOBP studies used an 

online questionnaire, whereas the majority of OBPM studies used a self-administered (paper) 

questionnaire.  

Studies included were published between the years 2003 to 2019 for HBPM, from 1993 

to 2018 for ABPM, from 2013 to 2018 for AOBP, from 1988 to 2018 for OBPM. The role of 

out-of-office BPM has been defined by international hypertension societies in recent years, and 

studies on the subject started later on since out-of-office was adopted later. In our analysis, we 

had taken into consideration guidelines used by authors at the time the studies were conducted. 

A descriptive summary of data extracted from these studies is available in Annexe A 

Supplemental Content Table 1-4. 

Study results 

Home blood pressure measurement method (HBPM) 

Out of 25 studies, 10 studies focused on knowledge, 15 studies focused on perception 

and 22 studies focused on practice (see Figure 4). Studies 19 (76%) included physicians, 1 (4%) 

included nurses, 2 (8%) included pharmacists and 3 (12%) included both physicians and nurses.  

Knowledge 

All 10 studies were classified as negative since they demonstrated inadequate knowledge 

about BPM techniques based on diagnostic thresholds for HBPM, frequency and timings of 

HBPM measurements, mean calculation and HBPM guidelines (see Figure 4) (Boivin et al., 

2011; Fletcher et al., 2016; Ishikuro et al., 2016; Kim, Kim, Kim, Jung, & Ryu, 2012; Matowe, 
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Abahussain, Awad, & Capps, 2008; Obara et al., 2010; Obara et al., 2012; Setia, Subramaniam, 

Teo, & Tay, 2017; Setia, Subramaniam, Tay, & Teo, 2017; Tsakiri, Stergiou, & Boivin, 2013).  

 

Perception 

 Majority of studies showed positive perceptions, yet few studies with physicians 4 

(27%) and nurses 1 (7%) were classified as negative since HP did not believe that HBPM is 

useful for hypertension management (see Figure 4)  (Boivin et al., 2011; Logan, Dunai, McIsaac, 

Irvine, & Tisler, 2008; Martín-Rioboó et al., 2018; Matowe et al., 2008; Tsakiri et al., 2013).  

 

 Practice 

Some studies with physicians 8 (36%) and nurses, 4 (18%) were classified as negative 

since they showed major deficiency amongst HP in using the HBPM method for hypertension 

management (see Figure 4). Results of these studies showed that HBPM was less frequently 

recommended, and instructions were not provide to patients (e.g., regarding self BP 

measurement, interpretation of readings obtained, cuff size and device information) (Boivin et 

al., 2011; Ishikuro et al., 2016; Jackson, Ayala, Tong, & Wall, 2019; Jones et al., 2013; 

Kaczorowski et al., 2017; Mejzner, Clark, Smith, & Campbell, 2017; Obara et al., 2010; 

Tirabassi, Fang, & Ayala, 2013; Woolsey, Brown, Ralls, Friedrichs, & Stults, 2017).  

Overall, negative results for knowledge, perception and practice were observed in the 

continents of North America, Europe, and Asia. 
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                                     Notes. Phy, Physician; Nur, Nurse; Pha, Pharmacist 

Figure 4    Knowledge, perception, and practice of health professionals regarding home blood 

pressure measurement method 

 

Ambulatory blood pressure measurement method (ABPM) 

Out of 14 studies, 1 study focused on knowledge, 7 studies focused on perception and 

11 studies focused on practice (see Figure 5). Vast majority of studies, 12 (86%) included 

physicians, and 2 (14%) included both physicians and nurses.  There are no studies with 

pharmacists.   

Knowledge 

The one study that assessed physicians' and nurses' knowledge was classified as negative 

since both physician and nurse demonstrated a lack of knowledge based on diagnostic thresholds 

for ABPM and accurate interpretation of ABPM results (see Figure 5) (Dalfó-Pibernat et al., 

2018).  

 

  



63 
 

Perception 

Majority of studies were classified as positive, yet only 1 study showed negative 

perception amongst physicians towards the usefulness of the ABPM method in hypertension 

management (see Figure 5) (Martín-Rioboó et al., 2018).  

 

Practice 

Majority of studies with physicians 9 (82%) and nurses 1 (9%) were classified as 

negative since they showed unsatisfactory practice (see Figure 5). Results of these studies 

showed that the ABPM method was less frequently used and provided to patients for diagnostic 

purposes due to limited access (Carter & Kaylor, 2016; Dehaeck, Thurston, Gibson, Stephanson, 

& Ross, 2010; Kaczorowski et al., 2017; Kobayashi, Sato, Hatori, & Miyakawa, 2017; Martín-

Rioboó et al., 2018; McGowan, Gough, Maxwell, & Padfield, 2007; Mejzner et al., 2017; Setia, 

Subramaniam, Teo, et al., 2017; Woolsey et al., 2017).  

Overall, negative results for knowledge, perception and practice were observed in the 

continents of North America, Europe, and Asia. 
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                                 Notes. Phy, Physician; Nur, Nurse; Pha, Pharmacist 

Figure 5 Knowledge, perception, and practice of health professionals regarding ambulatory 

blood pressure measurement method 

 

Office blood pressure measurement method (OBPM) 

Out of 40 studies, 27 studies focused on knowledge, 1 study focused on perception and 

26 studies focused on practice (see Figure 6). Studies 13 (33%) included physicians, 16 (40%) 

included nurses, 11 (28%) included both physician and nurse. So far, there are no studies with 

pharmacists. 

Knowledge 

Majority studies with physicians 11 (41%) and nurses 15 (54%) were classified as 

negative since they demonstrated inadequate knowledge about BPM techniques based on 

diagnostic thresholds, arm position, cuff placement, posture, mean calculation etc. (see Figure 

6) (Ahmed, 1997; Cloutier, 2007; Coogan, Marra, & Lomonaco, 2015; Dickson & Hajjar, 2007; 

Feher, Harris-St John, & Lant, 1992; Gillespie & Curzio, 1998; Gleichmann, Gleichmann, 
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Mannebach, Mellwig, & Philippi, 1989; Machado et al., 2014; Markandu, Whitcher, Arnold, & 

Carney, 2000; McKay, Raju, & Campbell, 1992; McVicker, 2001; Mion, Pierin, Lessa, & 

Nobre, 2002; Nolan & Nolan, 1993; Obara et al., 2010; Ojo, Sogunle, Malomo, & Adesoji, 

2018; Ray, Nawarskas, & Anderson, 2012; Villegas, Arias, Botero, & Escobar, 1995; Vloet, 

Smits, Frederiks, Hoefnagels, & Jansen, 2002; Wingfield, Pierce, & Feher, 1996). 

 

Perception 

The only study that assessed nurses perception was classified as positive since they 

showed positive perception among nurses about the usefulness of OBPM (see Figure 6) (Block 

et al., 2018).  

 

Practice 

Majority of studies with physicians, 15 (58%) and nurses, 14 (54%) were classified as 

negative as a result of unsatisfactory practice (see Figure 6). In the majority of these studies, 

BPM was done by using the auscultatory method, which is not according to guidelines (Bhalla, 

Singh, D'Cruz, Lehl, & Sachdev, 2005; Carney et al., 1999; Dickson & Birkett, 1988; Dickson 

et al., 2013; Dickson & Hajjar, 2007; Drevenhorn, Hakansson, & Petersson, 2001; Gillespie & 

Curzio, 1998; Kaczorowski et al., 2017; Kay, 1998; Kobayashi et al., 2010; McKay, Campbell, 

Parab, Chockalingam, & Fodor, 1990; McVicker, 2001; Mion et al., 2002; Mohan et al., 2014; 

Ojo et al., 2018; Rabbia et al., 2013; Sandoya-Olivera, Ferreira-Umpiérrez, & Machado-

González, 2017; Veiga et al., 2003; Villegas et al., 1995; Vloet et al., 2002; Wingfield et al., 

1996). 

Overall, negative results for knowledge and practice were observed in the continents of 

North America, South America, Africa, Europe, Asia and Australia. 
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                                       Notes. Phy, Physician; Nur, Nurse; Pha, Pharmacist. 

Figure 6  Knowledge, perception, and practice of health professionals regarding in-office blood 

pressure measurement method 

 

Automated blood pressure measurement method (AOBP) 

 

Practice 

Out of 2 studies, 1 study was classified as negative since results showed that the majority 

of physicians (54.2%) were measuring BP using the auscultatory method (Kaczorowski et al., 

2017). While 1 study showed the majority of physicians (56.6%) use and preferred the AOBP 

method (Martín-Rioboó et al., 2018). So far, no study is identified for knowledge and 

perception.  

Overall, negative results for knowledge and practice were observed in the continent of 

North America. 
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Discussion  

This scoping review was undertaken to summarize the literature and present a global 

picture pertaining to knowledge, perception, and practice of HP with regard to BPM methods. 

To our best knowledge, this is the first scoping review that has analyzed the literature relating 

to all the four BPM methods, all three concepts and all health professionals, namely physicians, 

nurses, and pharmacists, in a single study. In order to improve BP management, there are 

guidelines published by hypertension societies across the world, including Hypertension 

Canada, which recommend using standardized BPM methods for accurate BP measurement and 

hypertension management. However, the results of our review suggest that a gap remains 

between recommendations and their implementation by HP with regard to knowledge, 

perception, and practice. This gap is a limiting factor to achieve better hypertension control.  

Home blood pressure measurement method (HBPM) 

With respect to knowledge, since all studies were classified as negative, the results of 

our scoping review highlight a persistent lack of knowledge amongst HP regarding diagnostic 

thresholds for HBPM and awareness about HBPM guidelines. Studies assessing barriers for 

HBPM method also identified lack of knowledge about BP targets and protocols for HBPM and 

lack of awareness about HBPM guidelines as an important barrier limiting the implementation 

of the HBPM method by HP (Dugelay, Kivits, Desse, & Boivin, 2019; Kronish et al., 2017)  A 

report by Tay et al. highlighted knowledge gaps about HBPM protocols and techniques in Asia 

(Tay & Teo, 2020).  

However, concerning perception about the usefulness of HBPM, 73% of studies showed 

positive results, which is encouraging. To be noted, although HP were positive about the 

usefulness of the HBPM method, some HP were not confident to fully endorse it in their 

practice. The limitations for the uptake of HBPM include lack of education for patients and 

uncertainty about the interpretation of results, device cost and patient anxiety (Boivin et al., 

2011; Logan et al., 2008; Martín-Rioboó et al., 2018).  

Regarding practice, almost half of the studies (55%) showed deficiencies in 

implementing the HBPM method. The study by Kaczorowski et al. showed that in Canada, only 
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22.4% of family physicians used HBPM for the diagnostic purpose (Kaczorowski et al., 2017). 

The major barriers to the use of HBPM in clinical practice highlighted in these studies were lack 

of reimbursement for physicians, lack of access to HBPM, lack of staff time to provide HBPM 

education to patients, inadequate measurement conditions (Jackson et al., 2019; Kaczorowski et 

al., 2017; Martín-Rioboó et al., 2018; Woolsey et al., 2017).   

Ambulatory blood pressure measurement method (ABPM) 

When it comes to ABPM, studies focused mainly on perception and practice. The one 

study that assessed knowledge showed that before their training session, 26.7% of physicians 

and nurses had adequate knowledge, and this score significantly increased to 85.3% following 

the education program, which highlights the importance of education (Dalfó-Pibernat et al., 

2018). Interestingly, most HP have positive perception about ABPM, although the majority of 

studies (91%) exposed deficiencies in the practice. The main barriers highlighted in these studies 

include the reimbursement fees, lack of insurance coverage, lack of access, lack of education to 

patients to interpret readings (Kaczorowski et al., 2017; Martín-Rioboó et al.,2018; Mejzner et 

al., 2017; Setia, Subramaniam, Teo, et al., 2017; Woolsey et al., 2017). A study by Deborah et 

al. indicated that ABPM is underused in clinical practice due to environmental barriers (e.g., 

access, cost, and education to patients), and thus, payment transformation, incentivized outcome 

along with team-based care might increase the use of ABPM (Taira et al., 2017). Globally there 

is no published study on pharmacists assessing knowledge, perception, and practice, which, for 

Canada, is remarkable since the pharmacists are often involved in ABPM. Also, there are very 

few studies on nurses. 

Office blood pressure measurement method (OBPM) 

The majority of the studies on OBPM, 79% demonstrated a lack of knowledge amongst 

physicians and nurses regarding BPM techniques pertaining to position, cuff placement and cuff 

size, rest period, mean calculation, and diagnostic thresholds. A review by Cloutier et al. 

concerning HP knowledge of OBPM identified deficiencies in knowledge (Cloutier, 2007). 

Regarding perception, so far, there is only 1 study about nurse perception.  
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Regarding practice, the majority of studies, 88%, showed deficiencies in implementing 

the OBPM method for hypertension management. The limiting factor was continuing use of 

auscultatory technique to measure BP in healthcare setup. Results of a recent Canadian study 

indicated that 54.2% of HP use manual OBPM with a mercury or aneroid device as the routine 

method to screen patients for above threshold BP, while 42.9% are using AOBP measurement, 

although the auscultatory is not recommended in the Canadian guidelines and that AOBP should 

be the preferred method for diagnosis in Canada (Kaczorowski et al., 2017). In 2013, a global 

survey by ISH from 90 national and regional societies and 77 countries about the current practice 

in the management of hypertension showed that the prevailing method to measure BP was 

mercury sphygmomanometer (68%), aneroid sphygmomanometer (65%), semi-automated 

(65%) (Chalmers, Arima, Harrap, Touyz, & Park, 2013). The barriers for unsatisfactory practice 

include lack of time for HP to follow guidelines and lack of availability of electronic devices to 

measure BP (Dickson et al., 2013; Hwang, Aigbe, Ju, Jackson, & Sedlock, 2018). Globally, no 

published studies were identified that assessed physician and pharmacist perception and 

pharmacist knowledge and practice. 

Automated blood pressure measurement method (AOBP) 

Globally, no published studies were identified concerning knowledge, perception of HP 

and practice of either nurses or pharmacists. Regarding practice, so far, only 2 studies were 

identified concerning physician practice. A study by Kaczorowski et al. showed that 42.9% of 

physicians used an AOBP method to screen patients for high BP while the majority are still 

using the auscultatory method (Kaczorowski et al., 2017). Although the auscultatory method is 

not recommended, yet it is still being used in clinical practice. Thus, emphasizing the need for 

transition from auscultatory to automated method (Veiga et al., 2016).  

Overall, our scoping review results highlight that not a lot of data are reported about 

AOBP and ABPM methods and also, not many studies have included nurses and pharmacists.  
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Limitations  

First, we included English and French language only and would have missed studies published 

in other languages. Second, we included studies published in peer-reviewed journals only, 

excluding grey literature. Third, we had a defined criterion for the classification of studies and 

based on this classification, data was extracted from published studies and results were reported 

accordingly. Some studies that addressed the three concepts were not similar to our definitions, 

and therefore results of those studies were presented based on our definitions. Fourth, we did 

not attempt to explore the inconsistencies between high-income countries (HICs) and low 

middle-income countries (LMICs), but comparatively, we attempted to show a global picture. 

 

Conclusion  

Inadequate BPM measurement remains a big concern. Our scoping review results 

showed that although HP have positive perception towards the usefulness of BPM methods for 

hypertension management, the inadequate knowledge and unsatisfactory practice towards 

implementing those BPM methods in actual clinical practice is somewhat disappointing. 

Hypertension guidelines published worldwide recommend using standardized BPM methods, 

especially ABPM and HBPM for diagnosis and AOBP and OBPM for screening and ongoing 

management of hypertension. The results of this scoping review clearly demonstrate that there 

is still room for improvement. Not much data is available in Canada. Thus, further studies should 

focus on understanding the knowledge, perception, and practice of HP regarding BPM methods, 

especially for nurses and pharmacists.  

There are still unmet needs that contribute to the burden of hypertension, especially in 

LMICs but even in the HICs where we can see that discrepancies still remains. It is therefore 

essential to develop effective strategies such as knowledge translation, continuing education, 

regular training, and professional certification programme along with interprofessional 

collaboration. This is crucial since these strategies can increase appropriate implementation of 

guidelines into practice, thus, improving BP control rates. In addition, to achieve global BP 

control rates, in both HICs and LMICs, a transformative health service policy, transformative 
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clinical approach as recommended by World Hypertension League and may measuring month 

developed by the International Hypertension Society (ISH) to raise awareness about 

hypertension screening are very effective global strategies favourable for LMICs where 

shortcomings in the management of hypertension still exist (Beaney et al., 2020; Campbell et 

al., 2019). More systematic studies are needed to address this issue. We anticipate that our 

results will be of interest to national hypertension societies, HP and researchers in the area of 

hypertension. This should guide future education programs in basic training as well as 

continuous professional education sessions for all HP around the world. 
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Annexe A- Supplemental digital content for scoping review 
 

Table 1 Home Blood Pressure Measurement 

 Year Author 

 

Country Guideline Health professional Knowledge Perception Practice 

Phy Nur Pha ─ + ─ + ─ + 

1.  2003 Cheng USA JNC 7 X      X   

2.  2006 Tisler Hungary ESH X      X  X 

3.  2008 Logan Canada CHEP X     X    

4.  2008  Matowe Kuwait  BHS   X X  X    

5.  2010 Kobayashi Japan JSH X       X  

6.  2010 Obara Japan JSH X   X     X 

7.  2010 Dehaeck Canada  SOGC X        X 

8.  2011 Boivin France ESH X   X  X  X  

9.  2011 Steinmann USA JNC 7 X      X  X 

10.  2012 Obara Japan JSH   X X   X  X 

11.  2012 Tsakiri Greece ESH X   X  X   X 

12.  2012 Kim S. Korea KSH X   X     X 

13.  2013 Jones UK NICE X X     X X  

14.  2013 McManus UK NICE X      X  X 

15.  2013 Tirabassi USA JNC 7 X X      X  

16.  2014 Sugano Japan JSH X      X  X 

17.  2016 Fletcher UK NICE X   X   X  X 

18.  2016 Ishikuro Japan JSH  X  X   X X  

19.  2017 Kaczorowski Canada CHEP X       X  

20.  2017 Setia  Singapore ESH X   X     X 

21.  2017 Setia Singapore  ESH X   X     X 

22.  2017 Mejzner UK NICE X      X X  

23.  2017 Woolsey USA AHA X       X  

24.  2018 Martin Spain ESH X     X   X 
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Py, Physician; Nu, Nurse; Pa, Pharmacist;( -) = negative; (+) = positive; JNC7, Seventh Report of the Joint National Committee on Prevention, Detection, 

Evaluation, and Treatment of High Blood Pressure; AHA, American Heart Association; ESH, European Society of Hypertension; NICE, National Institute for 

Health and Care Excellence; BHS, British Hypertension Society; CHEP, Canadian Hypertension Education Program; SOGC, Society of Obstetricians and 

Gynaecologists of Canada; JSH, Japanese Society of Hypertension; KSH, Korean society of hypertension. 

25.  2019 Jackson USA AHA X X      X  

TOTAL 

 

25 22 4 2 10 0 5 10 9 13 

 19/22 1/4 2/2       

Both= 3  10 15 22 
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Table 2 Ambulatory Blood Pressure Measurement 

Py, Physician; Nu, Nurse; Pa, Pharmacist;(-) = negative; (+) = positive; NHBPEP, National High Blood Pressure Education Program. 

 Year Author 

 

Country Guideline Health professional Knowledge 

 

Perception Practice 

Phy Nur Pha ─ + ─ + ─ + 

1.  1993 Grin USA NHBPEP X      X  X 

2.  1993 White USA NHBPEP X       X  X 

3.  2007 McGowan UK BHS X X      X  

4.  2010 Dehaeck Canada SOGC X       X  

5.  2015 Carrera  Netherlands ESH X      X   

6.  2016 Carter USA JNC 7 X       X  

7.  2017 Kaczorowski Canada CHEP X       X  

8.  2017 Setia  Singapore ESH X      X X  

9.  2017 Setia   Singapore ESH X      X   

10.  2017 Mejzner UK NICE X       X X  

11.  2017 Kobayashi Japan  JSH X       X  

12.  2017 Woolsey USA AHA X       X  

13.  2018 Pibernat Spain  ESH X X  X      

14.  2018 Martin-

Rioboo 

Spain ESH X     X  X  

TOTAL 

 

14  14 2 0 1  1 6 9 2 

 12/14         

Both =2  1 7 11 
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Table 3 Office Blood Pressure Measurement 
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 Year Author 

 

Country Guideline Health professional Knowledge Perception 

 

Practice 

Phy Nur Pha ─ + ─ + ─ + 

1.  1988 Dickson (a) Canada  CHS X       X  

2.  1989 Gleichmann  Germany  BMA X X  X      

3.  1990 McKay (a) Canada  AHA X       X  

4.  1992 McKay (b) Canada AHA X   X    X  

5.  1992 Feher  UK BMA X   X      

6.  1993 Nolan  UK BHS  X  X      

7.  1995 Villegas  USA  AHS X X  X    X  

8.  1996 Wingfield  UK ISH X X  X    X  

9.  1997 Ahmed  S. Arabia NM X X  X      

10.  1998 Gillespie  UK BHS  X  X    X  

11.  1998 Kay  USA AHA  X      X  

12.  1999 Carney (a) Australia  BHS  X   X   X  

13.  1995 Carney (b) Australia BHS X X   X     

14.  2000 Drevenhorn  Sweden  NSG, ISH  X      X  

15.  2000 Markandu  UK BHS X X  X      

16.  2001 McVicker  UK BHS X X  X    X  

17.  2002 Armstrong  Australia NHFA  X   X     

18.  2002 Vloet  Netherlands AHA  X  X    X  

19.  2002 Mion  Brazil JNC 6, BCH 3 X   x    x  

20.  2003 Veiga  Brazil AHA X X      X  

21.  2005 Bhalla  India  BHS X       X  

22.  2007 Dickson  USA AHA, JNC7  X  X    X  

23.  2007 Cloutier  Canada  CHEP  X  X      

24.  2010 Chatterjee  USA JNC 7 X        X 

25.  2010 Kobayashi  Japan JSH X   X    X  

26.  2011 Hsiao-Lien  Taiwan THG, JNC7  X  X      

27.  2012 Gracia  Singapore JBI-PACES  X       X 

28.  2012 Nelson  USA NHBPEP, JNC7  X   X     

29.  2013 Dickson (b) Canada  CHEP X       X  
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Py, Physician; Nu, Nurse; Pa, Pharmacist;(-) = negative; (+) = positive. CHS, Canadian hypertension society; BMA, British Medical Association; ISH, International society of 

hypertension; NSG, National Swedish Guidelines; NHFA, National Heart Foundation of Australia; BCH, Brazilian Consensus on Hypertension; THG, Taiwan hypertension 

guidelines; JBI_PACES, Joanna Briggs Institute Practical Application of Clinical Evidence System; SBH, Brazilian guidelines of hypertension; USPSTF, US Preventive Services 

Task Force; IFHA; International Forum for Hypertension control and prevention in Africa. 

 

 

 

 

 

 Year Author 

 

Country Guideline Health professional Knowledge Perception 

 

Practice 

Phy Nur Pha ─ + ─ + ─ + 

30.  2013 Rabbia   Switzerland ISH  X      X  

31.  2014 Machado  Brazil  BGH  X  X      

32.  2014 Mohan  India  JNC 7 X X   X   X  

33.  2015  Obara  Japan  JSH X    X    X 

34.  2015 Coogan  USA AHA  X  X      

35.  2017 Kaczorowski  Canada  CHEP X       X  

36.  2017 Woolsey USA  USPSTF X        X 

37.  2017 Ale  Nigeria IFHA X    X     

38.  2017 Sandoya  Uruguay AHA X X      X  

39.  2018 Ojo  Nigeria  AHA, ESH X X  X    X  

40.  2018 Block  USA AHA  X   X  X   

TOTAL 40 24 

 

26 0 19 8 0 1 22 4 

 13/24 15/26 0       

Both = 11  27 1 26 
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Table 4 Automated Office Blood Pressure Measurement 

Py, Physician; Nu, Nurse; Pa, Pharmacist;(-) = negative; (+) = positive. 

 Year Author 

 

Country Guidelin

e 

Health professional Knowledge Perception Practice 

Phy Nur Pha ─ + ─ + ─ + 

1.  2017 Kaczorowski Canada CHEP X       X  

2.  2018 Martin-
Rioboo 

Spain ESH X        X 

TOTAL  2 2       1 1 
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Annexe B- Search strategy 

Search strategy for Medline and CINAHL 

(S1 OR S2) 

S1-   MH Exact Subject Heading 

“Blood Pressure Determination” OR “Blood Pressure Monitoring, Ambulatory” OR “Blood 

Pressure Determination methods” OR “Blood Pressure Monitoring, Ambulatory methods” OR 

“Hypertension Diagnosis” OR “Masked Hypertension” 

OR  

S2- Select field optional 

Blood Pressure* OR “ambulatory blood pressure measurement” OR ABPM OR “home blood 

pressure measurement” OR HBPM OR “self-blood pressure measurement” OR SBPM OR 

“office blood pressure measurement” OR OBPM  OR “automated blood pressure measurement” 

OR AOBP 

AND                                

S3-   MH Exact Subject Heading 

“Health Personnel” OR “Personnel, Health Facility” OR “Physician, Primary Care” OR 

“Physicians, Family” OR “General Practitioners” OR “Medical Staff, Hospital” OR “Nurse 

Practitioners” 

OR 
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S4- Select field optional 

Physician* OR Nurs* OR Pharmacist* OR "Medical Staff" 

AND                

S5- MH Exact Subject Heading 

"Professional Knowledge" OR "Attitude of Health Personnel" OR "Practice Patterns" OR 

“Health Knowledge, Attitudes, Practice” 

OR  

S6- Select field optional 

 Knowledge* OR Attitude* OR Practice* 

S7 =    (S1 OR S2)  

S8 =    (S3 OR S4)  

 S9 =    (S5 OR S6)  

S10 = (S1 OR S2) AND (S3 OR S4) AND (S5 OR S6) 
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Chapter 4. Methodology  

In this chapter, a comprehensive methodology of the leading research project is 

presented.  

Context 

Canada is a global leader to achieve the highest BP control rates, yet >30% of the 

population remain uncontrolled, and nearly 16% remain unaware of their high BP (Padwal et 

al., 2016). A significant improvement in BP control rates were directly associated with CHEP's 

implementation, now called Hypertension Canada Guidelines (Campbell & Chen, 2010; Padwal 

et al., 2016; Schiffrin et al., 2016). Hypertension guidelines are a key component of transmitting 

new and updated evidence-based clinical practice recommendations to HPs (physicians, nurses 

and pharmacists) for hypertension management (Rabi et al., 2020; Schiffrin et al., 2016). 

Therefore, it is important to identify if the updated guidelines are appropriately implemented in 

clinical practice by HP and that they have adequate BPM knowledge and perception. A recent 

scoping review demonstrated that studies performed globally indicated that BPM knowledge 

and practices are suboptimal among physicians, nurses and pharmacists (Todkar, Padwal, 

Michaud, & Cloutier, 2020). However, a systematic study including all the three HPs and three 

concepts concerning the BPM methods was not performed in Canada. Therefore, we found it 

appropriate to conduct a descriptive survey to get a clearer picture of Canadian HP concerning 

knowledge, perception, and practice and the four BPM methods. 

Objectives 

The research objective was to assess knowledge, perception, and practice of physicians, 

nurses and pharmacists concerning home and ambulatory (HBPM and ABPM) and office and 

automated (OBPM and AOBP) BPM methods. 
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Methods 

Research design 

A descriptive survey design was selected to assess the knowledge, perception and 

practice of the HP regarding the four BPM methods (Gray, Grove, & Sutherland, 2017). Such a 

design allows the researcher to describe the phenomenon of interest and gather related 

information of interest.  

Population and setting 

The target population consisted of physicians, nurses and pharmacists working in the 

primary care setting across Quebec, Canada. Primary care settings provide primary care for 

chronic diseases, such as hypertension. In addition, hypertensive individuals frequently see their 

primary care provider for hypertension management. As a result, primary care settings were 

chosen because this is where the initial screening, diagnosis, treatment, and follow-up for 

hypertension takes place. Primary care settings included Groupe de médecine de Famille 

(GMF), outpatient clinic, soins de première ligne (primary care clinics) and community 

pharmacies.  

The information concerning the number of HP for each category was obtained from the 

Fédération des Médecins Omnipraticiens du Québec (FMOQ), the Ordre des Infirmières et 

Infirmiers du Québec (OIIQ) and the Ordre des Pharmaciens du Québec (OPQ) for the year 

2017-2018.For physicians, out of 23236 physicians members of the College des Médecins du 

Québec, 10917  practice family medicine (Collège des médecins du Québec, 2017-2018). For 

pharmacists, out of 9465 pharmacists that detain a membership from l’Ordre des pharmaciens 

du Québec, 4869 practice in community pharmacies (Ordre des pharmaciens du Québec, 2017-

2018). The statistical information was obtained from the association's annual report published 

each year which was available on their website. For nurses out of 75529 nurses with a permit, 
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7886 practice in primary care settings (Ordre des infirmières et infirmiers du Québec, 2017-

2018).  

For nurses, a request was made to OIIQ to provide us with the recent statistics about the 

number of nurses working in the primary care setting. After signing a confidentiality form, the 

actual number of nurses working in primary care settings was provided by OIIQ. According to 

the data received, 10731 nurses registered with OIIQ are working in a primary care setting. This 

includes emergency care (soins d'urgence), outpatient care clinics (soins ambulatoires - clinique 

externe), primary care or routine services (soins de première ligne - services courants), public 

health (santé publique) and nurse practitioner (IPSPL and IPSSA). Out of these 10731 members, 

4020 (37.5%) members gave consent to OIIQ to send their contact details to a third party for 

research or survey purposes.  

Inclusion criteria 

Physicians, nurses, and pharmacists working in primary care settings across Québec, 

Canada, were included.  

a) Physicians- Registered Physicians who have obtained a valid license to practice by Fédération 

des Médecins Omnipraticiens Du Québec (FMOQ). 

b) Nurses- Registered Nurses (RN); who have obtained a valid license to practice by Ordre des 

Infirmières Et Infirmiers Du Québec (OIIQ). 

c) Pharmacists- Registered Pharmacists who have obtained a valid license to practice by Ordre 

Des Pharmaciens Du Québec (OPQ). 

Sample size calculation 

Given the research design and recruitment method, a sample size calculation is not 

applicable. However, to determine the approximate sample size and expected response rate, we 

calculated the sample size using Dillman’s formula (Dillman, Smyth, & Christian, 2014).  The 
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sample size is calculated based on the confidence interval, the margin of error, and response. 

The confidence interval chosen is 95, with a margin of error of 5%. The response rates for email 

surveys are generally very low, from 16% to 20% (Corner & Lemonde, 2019; Weaver, Beebe, 

& Rockwood, 2019).  

Therefore, a more significant proportion of the population needs to be surveyed to 

achieve the required sample size based on the expected response rate. Since the response rate of 

20% is expected, the final population size surveyed should be greater than the required sample 

size. To have a representative sample, the actual number of participants required for the study 

is physicians (N=372), nurses (N=371) and pharmacists (N=357). 

Ethical certification 

A request was made to the UQTR Ethics and Research Committee to obtain the ethical 

certificate. As a result, all documents explaining the research protocol and methodology were 

prepared, including the informed consent forms both in English and French (see Annexe 4-5). 

An electronic consent form was used. Access to the questionnaire was only granted after 

clicking on the AGREE button of the consent form. The study was approved by the UQTR 

Ethics and Research Committee (CER-19-259-07.22) (see Annexe 6). 

Risk and benefits 

No risk was associated with participation in the research. However, the only drawback 

was the time to complete the questionnaire, which was estimated at 20-minutes. To minimize it, 

the questionnaire was validated by experts and was kept short. In addition, the questionnaire 

was pretested on a small group of nurses from UQTR.  

For benefits, no individual benefit was offered to participants; however, participation in 

this research allowed them to win an incentive. In collaboration with the hypertension societies, 

namely the Société Québécoise d’hypertension artérielle (SQHA) and Hypertension Canada, 

physicians, nurses, and pharmacists participating in the study had a chance to win an incentive 
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consisting of a free registration to a 15,5-hour accredited online training course offered by the 

SQHA or a free registration at the Hypertension Canada Congress (see Annexe 7-8). At the end 

of the questionnaire, a secure link was provided to participate in the draw voluntarily, and the 

physicians, nurses and pharmacists who completed the whole questionnaire were able to access 

the link. Hypertension societies then contacted the draw winners to provide information on the 

free online training course and free registration for the congress. Thus, the benefit would help 

participants in the advancement of knowledge in BPM. 

Recruitment  

Professional associations including Fédération des Médecins Omnipraticiens du Québec 

(FMOQ), Ordre des Infirmières et Infirmiers du Québec (OIIQ) and Ordre des Pharmaciens du 

Québec (OPQ) were requested to collaborate in contacting the participants. The final acceptance 

to collaborate in the research was notified by OIIQ, FMOQ and OPQ through email. The letters 

are attached in Annexe 9-11. 

For FMOQ and OPQ, recruitment was made possible through the association's monthly 

newsletters (see Annexe 12-13). A short text to introduce our research and the link to participate 

in the survey was sent to FMOQ and OPQ and was published in their monthly newsletter (see 

Annexe 12 and 13). For OIIQ, a list of potential participants with their email addresses was 

provided. This list can be provided for research purposes or surveys since nurses give their 

consent to the OIIQ to provide their information to the researchers. For this purpose, a 

confidentiality agreement was signed between OIIQ and us. For nurses, a personalized email 

invitation signed by a known researcher in Quebec (Pr Lyne Cloutier) along with the link to a 

secured platform was sent (see Annexe 14). Using this strategy, we believed to get a better 

response rate and minimize dropouts as participants could complete the surveys (Fan & Yan, 

2010; Saleh & Bista, 2017). In addition, the link led the participants to an informed consent page 

that provided detailed information about the research.  
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Physicians, nurses, and pharmacists who agreed to participate could access the 

questionnaire either in French or English. The recruitment started on 7th November 2019 and 

ended on 10th January 2020. For nurses, two reminder emails each at two weeks intervals were 

sent (see Annexe 15). For physicians, two reminders each at two weeks intervals were included 

in the FMOQ newsletter (see Annexe 16). However, for pharmacists, permission was only 

granted for one reminder that was included again in the OPQ newsletter (see Annexe 17). The 

recruitment dates are presented in Table VIII. 

Table VIII  Recruitment plan of health professionals 

 Nurses Physicians Pharmacists 

Start 7 November 19 8 November 19 20 November 19 

1st reminder 21 November 19 22 November 19 4 December 19 

2nd reminder 5 December 19 6 December 19 - 

End 10 January 2020 10 January 2020 18 December 2019 

 

 

Research tool 

The research tool used was a questionnaire. A questionnaire is a vital tool to collect and 

obtain statistically helpful information related to the topic of interest (Dillman et al., 2014; Gray 

et al., 2017). Questionnaires are designed to survey a large population quickly and in a short 

duration. In addition, the questionnaire allows maintaining the anonymity of the participants 

(Dillman et al., 2014; Gray et al., 2017). Given the design of our research, the questionnaire 

survey was deemed adequate since it gives the researcher the feasibility to gather extensive 

population data quickly and cost-effectively. 

An investigator-initiated blood pressure measurement questionnaire was developed. For 

the following reasons, we did not use existing questionnaires: first, the three concepts defined 
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in our study was different from those defined in other studies; second, well-established or 

standard questionnaires were not available on this topic; third, those questionnaires were not 

consistent with our research objectives and fourth limited questionnaires were available 

addressing the four BPM methods, three concepts and three health professionals and the fact 

that nurses and pharmacists were under-studied. The questionnaire was validated and pretested. 

The mode of accessibility was online. The electronic questionnaire was prepared using the 

software Banque interactive de questions (BIQ) developed specifically by UQTR to prepare 

surveys. The final questionnaire is included in Annexe 18-21.  

Development and validation of the questionnaire 

The questionnaire was constructed for collecting data concerning the three concepts and 

four BPM methods. Based on the conceptual model adapted for this research, first, the three 

concepts were defined. Knowledge is defined as the theoretical comprehension of BPM methods 

regarding diagnostic thresholds and technical aspects. Perception is defined as the beliefs 

regarding the usefulness of BPM methods. Practice is defined as the implementation of 

recommended BPM methods in clinical practice for hypertension management.  

The development of the questionnaire had a five-step process: first, item formulation; 

second, item validation; third, question formulation; fourth, question validation and fifth, 

pretesting the questionnaire. Validity is an important factor during instrument development. The 

validity of an instrument is defined as the ability of an instrument to measure the properties 

under construct (Gray et al., 2017; Waltz, Strickland, & Lenz, 2018). There are three forms of 

validity: content, construct, and criterion-related validity (Gray et al., 2017; Waltz et al., 2018). 

However, content validity plays a primary role in developing a new instrument and provides 

evidence about the validity of an instrument by assessing the degree to which the selected items 

are relevant to the content being measured (Gray et al., 2017; Lynn, 1986; Waltz et al., 2018). 

In simple terms, content validity assesses if the instrument fully represents what it aims to 

measure. The more the items represent the concept being measured, the greater is the content 
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validity (Lynn, 1986). Therefore, for this research, content validation of the questionnaire was 

performed. The five-step process is explained below. 

Step 1: Item formulation 

Items were formulated for the three concepts and four BPM methods using the relevant 

scoping review literature and Hypertension Canada Guidelines. Relevant items were first 

selected from the literature and later formulated according to the BPM recommendations 

provided by Hypertension Canada Guidelines. A set of 98 items for the three concepts and four 

BPM methods, and eight items for demographic characteristics were formulated (see Table IX). 

The topics covered for the items include knowledge concerning the diagnostic thresholds and 

technical aspects of four BPM methods (35 items). Some examples include the protocol for 

BPM, indication for BPM using different methods, factors causing errors. Items for perceptions 

concerned the usefulness of BPM methods (28 items). Some examples include the usefulness of 

BPM for screening, diagnosis, therapeutic and follow-up purposes, patient acceptance of device, 

ability of HPs to perform BPM correctly, the preferred method for performing BPM. Finally, 

items for practice were concerning the frequency of using the BPM method (35 items). Some 

examples include using BPM methods for screening, diagnosis, therapeutic and follow-up 

purposes, frequency of recommending ambulatory methods to patients, the proportion of 

patients using ambulatory methods, frequency of providing patient education, the device used 

in office, device validation, barriers for BPM. Items for demographic characteristics (8 items) 

concerning age, sex, profession, years of graduation, professional qualification, years in practice 

(2 items), training in BPM, membership of hypertension societies.  
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Table IX  Distribution of items formulated for blood pressure measurement methods and three 

concepts 

BPM methods Knowledge Perception Practice Demographic 

Number of items  

HBPM 8 10 10  

ABPM 8 6 10  

OBPM 5 5 7  

AOBP 14 7 8  

Total 98 8 

 

 

Step 2: Item validation  

For item validation, a standard four-point item rating scale was used for rating each item 

for relevancy (Waltz et al., 2018). The ratings consisted of 1 - not relevant, 2 - somewhat 

relevant, 3 - quite relevant, 4 - very relevant (Gray et al., 2017; Lynn, 1986; Waltz et al., 2018). 

A panel of four methodology and content experts were identified and requested to participate in 

the validation process. Doctors and nurses with expertise in hypertension were chosen as 

experts.  They are specialists on the Hypertension Canada Guideline committee and are 

extensively involved in formulating guidelines for BPM. The protocol for the validation process 

was explained to experts through email. Upon their acceptance, the items were sent for 

validation by email. Well-defined instructions were provided to experts for the evaluation. 

Experts were requested to rate each item for relevancy using the four-point rating scale. They 

were also requested to write their comments about the necessity of adding new items or 

removing the existing item.  

Following validation with the experts, the next step was to select the relevant items for 

question formulation. To do this, an item-level content validity index (I-CVI) was calculated 

based on the four-point rating scale provided to experts to rate the items as mentioned in the 
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above paragraph (Gray et al., 2017; Lynn, 1986; Waltz et al., 2018). The I-CVI was determined 

as the number of experts judging the item as relevant divided by the total number of experts. 

According to Waltz & Strickland 2018, an I-CVI of 1.00 is considered a perfect agreement and 

is acceptable. If all the experts give a rating of 3 or 4 on a 4-point scale is considered perfect 

agreement. Therefore, items with a score of 1.00 were considered relevant, whereas items with 

a score of 0.75 and above were modified and improved for question formulation (Waltz et al., 

2018). Items with a score below 0.75 were discarded. Figure 7 shows the item validation 

process. 

 

 

  

  

 

 

 

Figure 7  Item validation process 

 

In order to consider the tool (questionnaire) as valid, a scale level content validity 

index/average (S-CVI/Ave) was calculated. The S-CVI/Ave ensures the content validity of the 

overall section. For example, it gives an average of I-CVI for each section of knowledge, 

perception, and practice for four BPM methods. The S-CVI/Ave was computed by averaging 

the I-CVIs (i.e., the sum of all I-CVIs) divided by the number of items.  

106 questions 

I-CVI < 0.75 

N=41 

I-CVI > 0.75 

N=65 

Expert (n=4) 

Relevant= 65 
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It is recommended that a minimum S-CVI/Ave should be 0.8 for reflecting the content 

validity (Gray et al., 2017; Lynn, 1986). In our validation, the S-CVI was 0.8 and above and 

was considered valid.  Results are presented in Table X. 

Table X  Distribution of content validity scores for each blood pressure measurement method 

and three concepts for the health professionals 

 

BPM 

methods 

Knowledge Perception Practice 

Number  

of items 

S-CVI/Ave Number 

 of items 

S-CVI/Ave Number  

of items 

S-CVI/Ave 

HBPM 8 0.81 10 0.92 10 0.85 

 

ABPM 

 

8 0.85 6 0.91 10 0.80 

AOBP 

 

5 0.95 5 0.80 7 0.80 

OBPM 14 0.91 7 0.80 8 0.84 

Notes. S-CVI/Ave, scale level content validity index/average  
 

Step 3: Question formulation 

After validation of items, the next step was question formulation. From the 106 items 

initially formulated, 65 items were selected for question formulation. At this point, the questions 

were formulated separately for physicians and nurses-pharmacists from the selected items. First, 

we formulated the questions for physicians and then for nurses-pharmacists. The questions for 

knowledge and perception were similar for the three HP; however, for practice, physicians had 

additional questions concerning the frequency of using BPM methods for screening, diagnosis, 

therapeutic and follow-up purposes which are reserved acts for physicians in Québec. Thus, the 

final questionnaire consisted of 63 questions for physicians and 55 questions for nurses-

pharmacists (see Table XI). The questions were formulated first in English and French. 
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Table XI  Distribution of questions for each blood pressure measurement method, three concepts 

and the health professionals 

 

Sections 

Physicians Total 

no. of 

questi

ons  

Nurses, Pharmacists Total 

no. of 

questi

ons 

Kn Pe Pr Kn Pe Pr 

1-HBPM 4 4 6 14 4 4 4 12 

2-ABPM 4 4 6 14 4 4 4 12 

3-AOBP 4 4 5 13 4 4 3 11 

4-OBPM 5 4 6 15 5 4 4 13 

5-General  7  7 

Final questionnaire 63  55 

Notes. Kn, Knowledge; Pe, Perception; Pr, Practice; no., number. 

 

The questions were grouped into five sections. Four sections were about BPM methods, 

and the fifth section contained questions about demographic characteristics. Each section of 

BPM methods had questions concerning knowledge, perception and practice. Closed-ended 

questions were formulated for knowledge and practice. Four to five choices were provided for 

each question. For the perception question, a five-point Likert scale was used. Likert scale 

ratings consisted of  “1 - strongly disagree, 2-disagree, 3-neutral, 4- agree and 5 - strongly 

agree”. For a question on the barrier for BPM, principal barriers were identified from relevant 

literature and are mentioned in the scoping review article (Todkar et al., 2020). Choices were 

provided for selecting the barriers, and an additional choice (other, specify) was provided to 

specify their response if necessary. Such a choice was design to allow us to identify other 

barriers that could be bought to attention.  

The topics covered for the questions included knowledge concerning the diagnostic 

thresholds and technical aspects of four BPM methods (17 items). Some examples include a 

protocol for HBPM and ABPM, protocol for BPM position, rest period, average calculation. 
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Questions for perceptions included the usefulness of BPM methods (16 items). Some examples 

include the usefulness of BPM methods for treating hypertension, easy access to patients, office 

setup to measure BP.  

Questions for practice included the frequency of using the BPM method (23 items for 

physicians, 15 items for nurses and pharmacists). Some examples include using BPM methods 

for screening, diagnosis, therapeutic and follow-up purpose, frequency of recommending 

ambulatory methods to patients, the proportion of patients using ambulatory methods, frequency 

of providing patient education, device use in office BPM barriers etc. Questions for 

demographic characteristics included age, sex, professional qualification, years in practice (2 

items), training in BPM, membership of hypertension societies. The questionnaire was copy-

edited for language and grammar errors. Upon completion of this step, the questions and answers 

were validated for clarity and simplicity.  

Step 4: Question validation  

Following question formulation, the final step was question validation. The questions 

and answers were sent to experts for final validation. For validation, an online evaluation using 

the BIQ software was performed. Well-defined instructions were provided to experts for the 

evaluation. Experts were requested to evaluate each question and answer for clarity and 

simplicity. Three choices were given for the evaluation of the clarity and simplicity of each 

question and answer. For clarity, the choices included were not clear, need some revision and 

clear. Form simplicity choices included were not simple, need revision and simple.  

Experts validated each question and answer. All the experts showed perfect agreement 

regarding the clarity and simplicity of each question and answer. Minor grammatical revisions 

were made as suggested by experts. The validated questionnaire was translated to French. Pr 

Lyne Cloutier helped with the French translation.  

A panel of three experts consisting of a doctor and nurses with expertise in hypertension 

and BPM and fluent in the French language validated the questionnaire in French for clarity and 
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simplicity. Again, minor grammatical revisions were made. The final BPM questionnaire was 

prepared using BIQ software. The questionnaire was ready for pretesting.  

Step 5: Pretesting the questionnaire  

After development and validation were completed, the questionnaire was pretested for 

reliability and stability. A pretest was conducted on student nurses certified to practice as a nurse 

and pursuing bachelor’s degree at UQTR. The reason for selecting them was that they have 

experience in nursing and are certified to practice as nurses in Quebec. One group pretest and 

posttest design was used, and the interval between tests was one week. An electronic 

questionnaire using BIQ software was used. The questionnaire was available in French. The link 

to access the questionnaire was sent to the group. This link took the participants to the informed 

consent page. Upon acceptance, participants could access the questionnaire.  

Eleven nurses participated in the pre-test. However, only three completed both the 

pretest and posttest. The average time required to complete the questionnaire was 20 minutes 

and was equivalent to our estimated time. Paired t-test was used for the analysis. The results 

showed no significant difference in the scores for the pretest (M=2.76±0.17) and posttest (M= 

2.60±0.08). Thus, the results of the pretest showed the reliability of the questionnaire. 

Data analysis 

Descriptive statistics were used, and data were analyzed using SPSS version 27 (IBM 

SPSS Statistics 27, Canada). Descriptive statistics included frequency, percentage, mean, and 

standard deviation (SD). Knolwedge, perception and practice was analyzed using frequency and 

percentage. In addition, knowledge and perception scores were analyzed using the mean and 

standard deviation.  

The following chapters are the results of the research. Chapter 5 is the results of nurses, 

which is article 2 of this thesis and chapter 6 is the results of physicians and pharmacists, which 

is not published. 
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Chapter 5. Article 2 Knowledge, Perception and Practice of 

Québec Nurses for Ambulatory and Clinic Blood Pressure 

Measurement Methods: Are We There Yet?   
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This chapter presents the published article 2 of the thesis. The manuscript was submitted 

to the Journal of Hypertension on April 5, 2021 and was accepted on June 21, 2021. In addition, 

the preliminary results of the article were presented virtually as a poster presentation at the ESH-

ISH congress and Hypertension Canada Congress 2021. The reference list and poster are 

attached in the special document Annexe 24-25. 
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Résumé en français 

Objectif : Les lignes directrices pour les méthodes de la mesure de la pression artérielle (PA), 

à savoir à domicile (MPAD), ambulatoire (MAPA), en clinique (MPAC) et en clinique 

oscillométrique en série (MPAC-OS) sont publiées par Hypertension Canada et sont basées sur 

une technique de mesure précise. Les infirmières exécuter le BPM, mais leurs connaissances, 

leur perception et leur pratique avec toutes les méthodes sont sous-étudiées. Cette étude est la 

première à établir un portrait des infirmières québécoises travaillant en première ligne 

concernant les quatre méthodes de la mesure de la PA. 

Méthodes : Toutes les infirmières autorisées exerçant en soins primaires au Québec ont été 

ciblées dans notre sondage. Les données ont été recueillies à l'aide d'un questionnaire validé et 

prétesté initié par l'investigateur en anglais et en français. Une invitation personnalisée par 

courriel et deux rappels, incluant un lien vers une plateforme sécurisée, ont été envoyés en 

décembre 2019. Une attestation d'éthique a été délivrée par l'UQTR. 

Résultats : Au total, 453 infirmières ont participé à l'étude. L'âge médian était de 40 ± 11 ans et 

92% étaient des femmes. Le score global sur la connaissance concernant les quatre méthodes de 

la mesure de la PA était légèrement inférieur à 50% (46% ± 23). La perception était 

majoritairement positive, avec un score global supérieur à 50% (73% ± 8). En pratique, MPAD 

était recommandée par 47% des infirmières et la MAPA par 18%. Alors que MPAC-OS est la 

méthode préférée au Canada, seulement 25% des infirmières l'utilisent, compris les 57% qui 

utilisent un appareil oscillométrique et 11% qui utilisent l'auscultation manuelle. 

Conclusion : Les infirmières travaillant en soins primaires jouent un rôle central dans la mesure 

de la PA. Nos résultats montrent que les connaissances et la pratique globales sont sous-

optimales. Il convient donc d'allouer des ressources pour assurer la prise en compte de la 

formation initiale et de la formation continue. 
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Abstract  

Objective: Guidelines regarding blood pressure measurement (BPM) methods, namely home 

(HBPM), ambulatory (ABPM), office (OBPM) and automated (AOBP), are published by 

Hypertension Canada and rely on accurate measurement techniques. Nurses commonly perform 

BPM, but their knowledge, perception and practice considering all methods is understudied. 

This study is the first to establish the picture of Quebec nurses working in primary care settings 

concerning the four BPM methods. 

Methods: All nurses licensed to practice in primary care in Quebec were targeted in our survey. 

Data were collected using a validated and pretested investigator-initiated questionnaire in 

English and French. A personalized email invitation and two reminders, including a link to a 

secured platform was sent in December 2019. A certificate of ethics was issued by UQTR. 

Results: A total of 453 nurses participated in the study. Median age was 40 ± 11 years, and 92% 

were female. The overall score on BPM methods knowledge was slightly below 50% (46% ± 

23). The perception was mostly positive, with an overall score above 50% (73% ± 8). In practice, 

HBPM was recommended by 47% of nurses, and ABPM by 18%. While AOBP is the preferred 

method in Canada, only 25% of the nurses use it, including the 57% that use an oscillometric 

device and 11% that use manual auscultation. 

Conclusion: Nurses working in primary care play a central role in BPM. Our results highlight 

that overall knowledge and practice are suboptimal. Resources should therefore be allocated to 

ensure that initial training and continuing education are addressed. 

Keywords: knowledge, perception, attitude, practice, nurse, ambulatory blood pressure 

monitoring, home blood pressure monitoring, automated office blood pressure measurement, 

blood pressure determination. 
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Introduction  

Hypertension is the leading global risk factor for death and disability, contributing to 

over 10 million deaths annually (Lim et al., 2012; Stanaway et al., 2018). Previous global 

estimates suggest that nearly 1.4 billion adults had hypertension in 2010 (Mills et al., 2016). In 

Canada, hypertension affects nearly 23% of the adult population (Padwal, Bienek, McAlister, 

& Campbell, 2016; Robitaille et al., 2012). Although Canada has been a world leader in 

achieving the highest blood pressure (BP) control rates, still one-third of the affected population 

(32.5%) remains either unaware or not controlled, thus susceptible to complications (coronary 

heart disease, stroke, chronic kidney disease, dementia) (Campbell et al., 2020; McAlister et al., 

2011; Padwal et al., 2016).   

The management of hypertension should be informed by appropriate blood pressure 

measurement (BPM) and the use of a recommended method of measurement (home, 

ambulatory, office) (Rabi et al., 2020). Guidelines published by international societies 

recommend using standardized BPM methods, namely home (HBPM) and ambulatory (ABPM) 

to confirm the diagnosis of hypertension; and automated (AOBP) and office (OBPM) for 

screening and treatment of hypertension (NGC, 2019; Rabi et al., 2020; Whelton et al., 2018; 

Williams et al., 2018). HBPM and ABPM methods are superior to office measurements in terms 

of their ability to predict cardiovascular events, diagnostic accuracy in detecting white coat and 

masked hypertension and prognostic value (Bobrie, Chatellier, Genes, & et al., 2004; Clement 

et al., 2003; Lamarre-Cliché, Cheong, & Larochelle, 2011; Padwal et al., 2019; Stergiou et al., 

2018). Twenty-four-hour ABPM is considered as the gold standard for hypertension diagnosis 

and HBPM for diagnosis and long-term management of treated hypertension (NGC, 2019; Rabi 

et al., 2020; Whelton et al., 2018; Williams et al., 2018). Both methods require proper patient 

education and technique (Rabi et al., 2020).  

For decades, OBPM based on the auscultatory technique has remained the cornerstone 

for routine diagnosis and hypertension management (Parati, Ochoa, & Bilo, 2017). The 

auscultatory technique has serious limitations due to problems with the patient preparation, 
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device, observer, and standardized measurement protocol (Cloutier et al., 2015; Kallioinen, Hill, 

Horswill, Ward, & Watson, 2017). The growing awareness of these limitations has led to 

developments in BPM (Parati et al., 2017). Thus, the approach to measuring BP has evolved 

with the acceptance of electronic (OBPM) and automated (AOBP) devices as an alternative to 

auscultation along with HBPM and ABPM (Rabi et al., 2020). Electronic devices have been 

shown to reduce the limitations associated with auscultation (Cloutier et al., 2015). These 

devices are designed to take single measurements (OBPM) or an automated series of 

measurements and average of the results (AOBP) (Cloutier et al., 2015). 

In addition, Hypertension Canada and similar organizations in other countries have 

invested significant efforts and resources in knowledge translation, providing educational 

resources for health professionals (Campbell & Chen, 2010; Hua et al., 2012; Rabi et al., 2020). 

Despite these efforts, inaccurate BPM remains problematic worldwide (Chalmers, Arima, 

Harrap, Touyz, & Park, 2013; Olsen et al., 2016; Padwal et al., 2019). Improvements in BPM 

accuracy require a standardized protocol and well-trained health professionals, and evidence 

suggests that BPMs taken by trained nurses were highly beneficial in hypertension management 

(Campbell, Conradson, Kang, Brant, & Anderson, 2005; Padwal et al., 2019; Rinfret et al., 

2017). Given that most studies of hypertension management focus on physicians rather than on 

nurses, it is important to identify the current state of hypertension management in primary care, 

given that nurses are performing most routine BPMs in these settings.  

With significant advances in BPM, it is imperative to get a clearer picture that accurately 

reflects on the implementation of Hypertension Canada guidelines. Our study aimed to assess 

the knowledge, perception, and practice of primary care setting nurses in Quebec regarding the 

ambulatory and clinical BPM methods. To our knowledge, this is the first complete picture of 

Quebec nurses' usage of all four BPM methods. Awareness about the current status in BPM is 

the mandatory first step to implement BPM guidelines successfully. 
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Methods  
 

Study design and population 

A descriptive study using an electronic questionnaire was performed. All registered 

nurses practicing in primary care across Quebec were targeted for this study. The Ordre des 

Infirmières et Infirmiers du Québec (OIIQ) collaborated for this study by providing a list of all 

email addresses of targeted nurses who had previously agreed to be contacted for research 

purposes. A total of 4,020 primary care nurses were contacted, which represents (37.5%) of all 

primary care nurses in Quebec.   

Data collection and ethics 

Data collection took place between November 7th, 2019 and January 30th, 2020. A 

personalized invitation signed by a known researcher in Quebec was sent by email along with 

the link to a secured platform, followed by two reminders. The link led the participants to an 

informed consent page that provided detailed information about the study. Nurses who agreed 

to participate could access the questionnaire either in French or English. The study was approved 

by the UQTR Ethics and Research Committee (CER-19-259-07.22). 

Incentivization 

In collaboration with the hypertension societies, namely the Société Québécoise 

d’hypertension artérielle (SQHA) and Hypertension Canada, nurses participating in the study 

had a chance to win an incentive consisting of a free registration to a 15.5 hour accredited online 

training course offered by the SQHA or a free registration at the Hypertension Canada Congress 

2021. At the end of the questionnaire, a secure link was provided to participate in the draw 

voluntarily, and the nurses who completed the full questionnaire were able to access the link. 

Hypertension societies then contacted the draw winners to provide information on the online 

training.  
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Definition of concepts 

Knowledge was assessed in order to determine theoretical comprehension of BPM 

methods regarding diagnostic thresholds and technical aspects. Perception was assessed in order 

to understand beliefs regarding the usefulness of BPM methods. Practice was assessed to 

observe if recommended BPM methods for hypertension management are being implemented 

in clinical practice. 

Questionnaire 

For data collection, an investigator-initiated questionnaire developed and designed in 

accordance with Hypertension Canada Guidelines was used. The questionnaire was validated 

using a two-step process consisting of item validation for relevancy and question validation for 

clarity and simplicity. A panel of four methodology and content experts in the field of 

hypertension participated in validating the questionnaire in English and French. For item 

validation, a standard four-point scale from “1- not relevant to 4- very relevant” was used (Lynn, 

1986; Waltz, Strickland, & Lenz, 2017). Based on this scale, a content validity index (CVI) was 

calculated to select relevant items evaluated by experts. Items with a score of 0.75 and above 

were selected for question formulation (Lynn, 1986; Waltz et al., 2017). For questions 

validation, an online evaluation was performed using secured software. Experts evaluated each 

question and answer and commented for simplicity and clarity. The questionnaire was then 

pretested for its reliability and stability with nurses. The questionnaire consisted of 48 questions: 

17-knowledge, 16-perception  and 8-practice pertaining to all four BPM methods and 7 

demographic questions. The topics covered in this questionnaire were knowledge concerning 

diagnostic thresholds and technical aspects; perception concerning usefulness of BPM methods; 

practice concerning device and BPM method used, frequency of recommending HBPM and 

ABPM to patients, frequency of providing education to patients, and barriers for BPM. 

Demographic questions concerning age and sex, full-time practice years as nurse, full-time 

practice years as primary care nurse,  specific training on BPM received, member of 

hypertension society. A 5-point Likert’s scale from “1 - strongly disagree to 5 - strongly agree” 
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 was used for responses to perception questions. The average time required to complete the 

questionnaire was 20 minutes. Descriptive statistics was used for analysis using SPSS version 

27 (IBM SPSS Statistics 27, Canada). Supplementary material detailing the results, with 

questions and answers, is available, while the detailed questionnaire is available upon request.  

 

Results  

Sample characteristics  

Of the 4020 email invitations sent to primary care nurses, 573 opened the questionnaire 

link, and 453 completed the full questionnaire, corresponding to a response rate of 11%. 

Although the majority of respondents completed the questionnaire, not all respondents answered 

all questions.  Therefore, the number of respondents to each question is presented. The 

characteristics of nurses are presented in Table XII. The median age was 40.5 ± 11.5 years 

(ranging between 30-49 years), and 92% were women. The majority (93%) were nurses, while 

7% were nurse practitioners. Most nurses were quite experienced as 63% were practicing for 

more than 11 full-time years, and a majority (65%) were in primary care practice for at least a 

decade. Less than half (48%) identified never having received any specific training on BPM, 

and only 7% of nurses were either members of Hypertension Canada or SQHA or both.  
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Table XII  Distribution of demographic characteristics and general questions 

Variables n(%) 

Nurse 447(100) 

Age (years) (n=447)  

< 30  83(19) 

30-39  148(33) 

40-49  114(25) 

50-59  72(16) 

≥ 60  30(7) 

Sex (n=446)  

Male 35(8) 

Female 409(92) 

Decline to answer 2 

Full-time practice as nurse (years) (n=429)  

≤3  48(11) 

4-10  113(26) 

≥11  268(63) 

Full-time practice in primary care practice (years) (n=447)  

≤3  147(33) 

4-10  145(32) 

≥11  155(35) 

Received specific training on BPM (n=447)  

Yes, theoretical only (articles, conferences) 117(26) 

Yes, practical only 32(7) 

Yes, theoretical and practical 84(19) 

Never received training 214(48) 

Member of hypertension society (n=448)  

Hypertension Canada 15(3) 

SQHA 14(3) 

I am a member of both societies 5(1) 

Neither of them 414(92) 

Notes. BPM, Blood pressure measurement; SQHA,Société québécoise d’hypertension artérielle 
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Knowledge of nurses concerning BPM methods 

Having sufficient knowledge regarding hypertension thresholds is a crucial aspect of 

BPM. By author consensus, knowledge was deemed adequate when scores for diagnostic 

thresholds and technical aspects were above 50%. Nurses showed a high degree of knowledge 

for OBPM thresholds (74%), while for all other methods (ABPM, HBPM and AOBP), correct 

responses were below 50% (see Figure 8). In addition, nurses showed adequate knowledge 

levels about the use of back support during OBPM (78%), the measurement protocol for HBPM 

(66%), intervals used for night-time measurement using ABPM (63%), BPM position (58%), 

and AOBP measurement protocol for average calculation (57%) (see Figure 9). The overall 

mean knowledge score obtained by nurses for all methods was 7.90/17 ± 3.89 (46% ± 23), which 

did not exceed the 50% threshold Table XIII.  The detailed results are available in Annexe A 

Supplemental Table S1. In conclusion, nurses had adequate knowledge of OBPM but performed 

less well in specific areas of other BPM methods. 

Table XIII  Mean knowledge score of nurses for all BPM methods 

BPM methods (n) Maximum score Score N 

M ± SD 

Score % 

M ± SD 

HBPM (453)  4 1.8 ± 1.4 46 ± 36 

ABPM (451) 4 1.7 ± 1.2  44 ± 31 

AOBP  (452) 4 1.6 ± 1.1 42 ± 30 

OBPM (452) 5 2.6 ± 1.2  53 ± 24 

Overall (453) 17 7.9 ± 3.8  46 ± 23 

Notes. BPM, Blood pressure measurement; M, Mean; SD, Standard deviation 
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                                                       Notes. (correct answers); BPM, Blood pressure measurement 

Figure 8  Percentage of correct responses of nurses knowledge concerning diagnostic thresholds 

for all BPM methods 
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                                                     Notes. (correct answers); BPM, Blood pressure measurement 

Figure 9  Percentage of correct responses of nurses knowledge regarding technical aspects of 

the distinct BPM methods 
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Perception of nurses concerning BPM methods 

The overall score obtained by nurses for all methods was 58/80 ± 6.2 (73% ± 8) Table 

XII. On a scale of 1 to 5, nurses showed strong agreement for the usefulness of HBPM (16.6/20 

± 3.2) and ABPM (14.2/20 ± 2.8) (see Table XIV). However, more neutral responses were seen 

for AOBP (Annexe A Supplemental Table S2). OBPM remains the most frequently used method 

for BPM, and nurses showed agreement when asked if their office is properly equipped to 

measure BP in a standardized manner and if they agreed that standardized OBPM is not time-

consuming for their practice. This is especially important as these two items are often identified 

as important BPM barriers (Block et al., 2018; Dickson et al., 2013; Lugtenberg, Burgers, 

Besters, Han, & Westert, 2011). The detailed results are available in Annexe A Supplemental 

Table S2.  

Table XIV  Mean perception score of nurses for all four BPM methods 

BPM methods (n) Maximum score Score M ± SD Score % 

HBPM (453)  20 16.6 ± 3.0  83 ± 15 

ABPM (452) 20 14.2 ± 2.8 71 ± 14 

AOBP  (449) 20 13.4 ± 2.7 67 ± 14 

OBPM (450) 20 14.0 ± 2.9  70 ± 14 

Overall (453) 80 58.3 ± 6.2 73 ± 8 

Notes. BPM, Blood pressure measurement; M, Mean; SD, Standard deviation. 

 

Practice of nurses for BPM methods 

Less than half the nurses (47%) indicated HBPM was frequently recommended to their 

patients, whereas only 18% recommended ABPM (see Figure 10 3a). One-third of the nurses 

(35%) indicated that education for HBPM was frequently provided to their patients. However, 

35% of nurses also indicated that education for ABPM was rarely provided to their patients (see 
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Figure 10 3b). More than half of the nurses (57%) indicated using an electronic oscillometric 

device as a routine method to measure BP in the clinic, followed by AOBP (25%), aneroid and 

manual mercury sphygmomanometer (11%), while the rest (7%) did not know the device they 

used (see Figure 11 4a). While OBPM was a frequently used method by 70% of nurses and 

AOBP by 32% of nurses,  52% of nurses also indicated never using AOBP (see Figure 11 4b). 

Finally, nurses were invited to identify the four main barriers they perceived towards all four 

BPM methods.  Most frequent were the cost of HBPM for patients (72%), lack of time to follow 

guidelines when measuring BP in-office (33%), non-availability of AOBP devices (51%), and 

lack of access to ABPM (60%). The detailed results are presented in Annexe A Supplemental 

Table S3. 

 

 

Figure 10  Distribution of nurses responses regarding practice about HBPM and ABPM 
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Figure 11 Distribution of nurses responses regarding practice about HBPM and ABPM 

 

 

Figure 12 Distribution of nurses responses regarding practice for office measurements 
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Figure 13 Distribution of nurses responses regarding practice for office measurements 

 

Discussion  

To the best of our knowledge, this is the first study in Quebec, Canada, to survey the 

knowledge, perception, and practice of nurses in primary care settings concerning all four BPM 

methods. Considering recent advances in BPM methods and that most hypertensive patients are 

diagnosed and managed in primary care settings, assessing nursing practice in this setting is 

essential (Godwin et al., 2015; Himmelfarb, Commodore-Mensah, & Hill, 2016; Kaczorowski 

et al., 2017). The present study demonstrates that although nurses showed positive perceptions 

towards BPM methods, improvements in knowledge and practice are needed. 

The results of our study highlight that nurses’ knowledge of diagnostic thresholds was 

adequate for OBPM and inadequate for HBPM, ABPM and AOBP. In addition, we noticed that 

most nurses overestimated the thresholds for HBPM, ABPM and AOBP and chose thresholds 

similar to that of OBPM. Such results mean that in practice, nurses could disregard the patients 

who are truly hypertensives, reducing appropriate diagnosis and treatment. Studies in other 

countries, including some performed with doctors, nurses, and pharmacists, have shown similar 
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results (Fletcher et al., 2016; Ishikuro et al., 2016; Obara et al., 2010; Obara et al., 2012; Setia, 

Subramaniam, Teo, & Tay, 2017; Tsakiri, Stergiou, & Boivin, 2013).  

When measuring BP, technical aspects can significantly impact obtained values. In our 

study, some fundamental technical aspects, such as obtaining the correct number of days of 

measurement and calculating mean values, seemed lacking in HBPM protocols. In practice, 

where nurses are primarily involved in educating their patients about HBPM, our results were 

alarming, with more than half (54%) nurses not knowing the number of measurements needed 

each day for HBPM. As the nurses need to take an active part in educating the patient, this is 

certainly a concern. Since there is limited data about nurses’ knowledge for HBPM, we could 

not draw any comparisons to other studies concerning technical aspects. Thus, it is interesting 

to emphasize the fact that to date, on a global scale and especially in Canada, no other published 

studies have documented nurses' knowledge concerning ABPM and AOBP methods.  

Concerning in-office BPM, although comprehensive education has been provided over 

the years and frequent discussion in the literature (Carney et al., 1999; Cloutier et al., 2015; 

Dickson et al., 2013; Kobayashi et al., 2010; McKay, Raju, & Campbell, 1992; McVicker, 2001; 

Padwal et al., 2019; Veiga et al., 2003; Villegas, Arias, Botero, & Escobar, 1995; Wingfield, 

Pierce, & Feher, 1996), we see that certain areas still need improvement even in the most 

fundamental aspects of BPM (for example, arm position, arm circumference, mean value 

calculation and 5-min rest period with AOBP). A Canadian study by Cloutier et al. evaluated 

nurses’ knowledge and demonstrated significant knowledge gaps in BPM technical aspects. The 

overall theoretical knowledge score obtained by nurses was below 50% (Cloutier, 2007). The 

broader literature derived from a recent Canadian scoping review that analyzed a global picture 

of health professionals competencies pertaining to BPM methods also showed significant 

knowledge gaps regarding the OBPM method (Todkar, Padwal, Michaud, & Cloutier, 2020).  
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HBPM is evolving as a result of new technological developments and patient 

engagement (Wood, Boulanger, & Padwal, 2017).  It is, therefore, encouraging to note that our 

study showed a strong agreement amongst nurses regarding the usefulness of HBPM and OBPM 

methods. These results are similar to the published literature on the global perception of health 

professionals for HBPM (Cheng, Studdiford, Diamond, & Chambers, 2003; Fletcher et al., 

2016; Ishikuro et al., 2016; Jones et al., 2013; Logan, Dunai, McIsaac, Irvine, & Tisler, 2008; 

Martín-Rioboó et al., 2018; McManus et al., 2014; Mejzner, Clark, Smith, & Campbell, 2017; 

Obara et al., 2012; Tislér et al., 2006).  

Hypertension Canada guidelines, as do others, emphasize the importance of routine use 

of out-of-office methods, both ambulatory and home, for diagnosis of hypertension (Cloutier et 

al., 2015; NGC, 2019; Rabi et al., 2020; Williams et al., 2018). However, it is surprising to note 

that in our study, the frequency of recommending HBPM and ABPM often was below 50%. 

Results of a recent Canadian survey of family physicians (n=769) showed that only 22.4% and 

14.4% of physicians use HBMP and ABPM, respectively, for diagnostic purposes, while 77.8% 

indicated ABPM was readily available for their patients (Kaczorowski et al., 2017). These 

discrepancies in results could be further explained by the barriers reported in our study for the 

ambulatory methods, namely the cost for patients (72%), patient unwillingness to perform 

HBPM (50%), lack of access to ABPM (60%). Patient education about HBPM is crucial in the 

management of hypertension (Cloutier et al., 2015; Rabi et al., 2020). However, in our study, 

this area where nurses are involved the most continues to remain unsatisfactory, with only one-

third (35%) of nurses frequently providing education to their patients. Similar findings reported 

by two Canadian studies show that less than 10% of patients received specific education for 

HBPM and that patients did not correctly follow the recommended technique for HBPM (Logan 

et al., 2008; Milot et al., 2015). 

For in-office BPM, standardized BP measurement using validated protocols and devices 

are recommended by Hypertension Canada guidelines (Rabi et al., 2020). There is ample 

evidence in Canada and globally that the manual method (auscultatory and aneroid) is still most 

commonly used to routinely measure BPM (Cloutier, 2007; Dickson et al., 2013; Kaczorowski 
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et al., 2017; Martín-Rioboó et al., 2018; Sandoya-Olivera, Ferreira-Umpiérrez, & Machado-

González, 2017; Sebo, Pechere-Bertschi, Herrmann, Haller, & Bovier, 2014). A study by 

Kaczorowski et al. showed the preferred methods of family physicians to measure BP were 

manual method (auscultatory and aneroid) (54.2%), and AOBP (42.9%); and that the most 

frequently used method for diagnostic purposes was AOBP (31.1%) (Kaczorowski et al., 2017). 

In our study, AOBP was less favoured by nurses, likely explained by the barriers to AOBP 

identified, namely non-availability of AOBP devices at their office/workplace (51%) and not 

having room to leave patients unattended for BPM (33%). It is surprising to note that 48% of 

nurses reported they never received any formal training in BPM, given that this is a core 

competency in most programs.  

Strength and limitations 

The major strength of this study was that a validated and pretested questionnaire was 

used, thus minimizing the risk of response bias.  This study is unique in that, to our knowledge, 

it is the first study assessing nurses for all BPM methods in Canada.  The primary limitation of 

our study was the low response rate, albeit similar to other published studies performed recently 

(Kaczorowski et al., 2017). Additionally, the fact that not all registered nurses in primary care 

participated in the study. Therefore, it is possible that our participants are most likely those, who 

agreed to participate in the study, agreed to be contacted for research purposes and those who 

are interested, motivated, and experienced in hypertension management. In fact, few questions 

(e.g., technical aspects for HBPM and ABPM) require good knowledge and may have caused 

some nurses to refuse to answer the entire questionnaire, thus contributing to a low response 

rate. Also, the fact that choices had to be made to keep the study available for three months, 

despite sending two reminders, contributed to a low response rate.  
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Conclusion 

In conclusion, Hypertension Canada guidelines continue to encourage the importance of 

proper BP measurement and the use of standardized measurement methods both in and out of 

office for optimal hypertension management (Rabi et al., 2020). However, the results of our 

study show that there is scope for improvement, especially in the areas of knowledge and 

practice. Despite the investment by Hypertension Canada in many resources (including online) 

for knowledge transfer (Campbell & Chen, 2010; Rabi et al., 2020), the gaps remain between 

what is recommended and what is known and performed in actual clinical practice and should 

be addressed for nurses. Even the educational resources developed by Hypertension Canada, 

such as professional educational programmes, workshops, training courses, are available online 

for all health professionals, yet nurses' knowledge continues to remain inadequate. Further 

efforts are needed, focusing on implementing available resources, improving availability of new 

technologies, identifying and considering the barriers at the organizational and health care 

professionals level and overcoming them by increasing resources. Knowledge transfer and 

quality assessment of practice should also be a target at clinics and providers. Academic and 

medical institutions could standardize training by knowledge reinforcement and timely 

assessment. Useful strategies may include using BPM algorithm posters and handouts and short 

summaries, educational slide kits, optimizing patient-centred care using team-based approaches 

and using new technologies to encourage proper BPM and enable patient education (Campbell 

et al., 2019; Padwal et al., 2019; Rabi et al., 2020).   
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Annexe A- Supplemental content 

Supplemental Table S1. Response of nurses for knowledge about home, 

ambulatory, office, and automated blood pressure measurement methods 
 

Knowledge questions for 

all BPM methods (n) 

Answer 

n(%) 

 

Answer 

n(%) 

Answer 

n(%) 

Answer 

n(%) 

HBPM 
 

 

Q.1 What is the 

recommended diagnostic 

threshold for 

hypertension with 

HBPM? (n=451) 

140/90 mmHg *135/85 mmHg 130/80 mmHg 120/80 mmHg 

215(48) 178(39) 34(8) 24(5) 

Q.2 How many 

consecutive days of 

measurements should be 

taken with HBPM? 

(n=447) 

3 days 5 days *7 days I do not know 

51(12) 50(11) 296(66) 50(11) 

Q.3 How many 

measurements should be 

taken each day with 

HBPM? (n=452) 

Several 

measurements at 

different time 

during the day 

over a few days 

*Twice in the 

morning and 

twice in the 

evening 

Three times in the 

morning and three 

times in the evening 

I do not know 

 

244(54) 170(37) 8(2) 30(7) 

Q.4 When calculating the 

mean value for HBPM, 

the values from the first 

day should be discarded 

(n=452) 

*True False It makes no 

difference 

I do not know 

184(41) 138(30) 44(10) 86(19) 

ABPM  

Q.1 What is the 

recommended diagnostic 

threshold for 

hypertension with mean 

24-hour ABPM? (n=449) 

 

 

140/90 mmHg 135/85 mmHg *130/80 mmHg 120/80 mmHg 

176(40) 136(30) 127(28) 10(2) 

Q.2 What is the 

recommended diagnostic 

threshold for 

140/90 mmHg *135/85 mmHg 130/80 mmHg 120/80 mmHg 

207(47) 185(42) 41(9) 11(2) 
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hypertension with day-

time  ABPM? (n=444) 

Q.3 What interval should 

be used for day-time 

measurement with 

ABPM? (n=449) 

*20–30 minutes 30–60 minutes It has little impact I do not know 

196(44) 137(30) 17(4) 99(22) 

Q.4 What interval should 

be used for day-time 

measurement with 

ABPM? (n=449) 

20–30 minutes *30–60 minutes It has little impact I do not know 

19(4) 282(63) 33(7) 115(26) 

OBPM  

Q.1 What is the 

recommended diagnostic 

threshold for 

hypertension with OBPM 

for the general 

population? (n=451) 

*140/90 mmHg 135/85 mmHg 130/80 mmHg 120/80 mmHg 

335(74) 75(17) 29(6) 12(3) 

Q.2 What percentage of 

the arm circumference 

should the length of the 

cuff bladder cover? 

(n=450) 

40 to 59% 60 to 79% *80 to 100% I do not know 

64(14) 134(30) 154(34) 98(22) 

Q.3 When measuring BP, 

the back should be 

supported in order to get 

valid results (n=449) 

*True False It makes no 

difference 

I do not know 

 

349(78) 24(5) 44(9) 32(7) 

Q.4 When measuring BP, 

the arm should be 

positioned below heart 

level (n=450) 

True *False It makes no 

difference 

I do not know 

224(50) 

 

200(44) 7(2) 19(4) 

Q.5 When measuring 

blood pressure in office 

during the initial visit, 

how many measurements 

should be performed 

(n=452) 

One measurement 

is sufficient 

Two 

measurements 

and the average 

should be used 

*Three 

measurements, the 

first discarded 

and the second 

and third 

averaged 

Three BP 

measurements 

and all three 

results should 

be averaged 

I do not 

know 

 

77(17) 

 

79(18) 

 

164(36) 

 

53(12) 

 

79(18) 

 

 

 

 

AOBP  

Q.1 What is the 

recommended diagnostic 

threshold for 

140/90 mmHg *135/85 mmHg 130/80 mmHg 120/80 mmHg 

225(51) 170(38) 36(8) 12(3) 
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hypertension with 

AOBP? (n=443) 

Q.2 When AOBP is used, 

preprogrammed multiple 

measurements are 

automatically averaged 

(n=451) 

*True False It makes no 

difference 

I do not know 

258(57) 40(9) 1(0) 152(34) 

Q.3 A 5 min rest period is 

recommended before 

measuring BP with 

AOBP (n=450) 

True *False It makes no 

difference 

I do not know 

 

268(60) 67(15) 9(2) 106(23) 

Q.4 BP should be 

measured with the patient 

seated on an examination 

table (n=450) 

True *False It makes no 

difference 

I do not know 

74(17) 263(58) 24(5) 89(20) 

*Correct responses are in bold  
Notes. HBPM, home blood pressure measurement; ABPM, ambulatory blood pressure measurement; OBPM, office 

blood pressure measurement; AOBP, automated blood pressure measurement; BP, blood pressure; BPM, blood 

pressure measurement. 
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Supplemental Table S2. Response of nurses for perception about home, 

ambulatory, office, and automated blood pressure measurement methods 

 Strongly 

Disagree  

n (%) 

Disagree  

n (%) 

Neither Agree 

nor Disagree 

n (%) 

Agree 

n (%) 

Strongly 

Agree 

n (%) 

HBPM 
 

 

Q.1 I believe that HBPM is useful for 

patients when treating hypertension 

(n=452) 

17 (4) 10 (2) 9 (2) 167 (37) 249 (55) 

Q.2 I believe that patients can measure 

their BP correctly at home (n=448)  

10 (2) 17 (4) 49 (11) 248 (55) 124 (28) 

Q.3 I believe that HBPM can be used for 

making therapeutic decisions (n=451) 

11 (2) 19 (4) 34 (8) 222 (49) 165 (37) 

Q.4 I believe that HBPM should be 

considered as part of standard 

hypertensive care (n=451) 

 

10 (2) 12 (3) 35 (8) 217 (48) 177 (39) 

ABPM 
 

 

Q.1 I believe that ABPM is useful for 

patients in treating hypertension (n=451) 

9 (2) 35 (8) 48 (11) 207 (46) 152 (33) 

Q.2 I believe that ABPM is well tolerated 

by patients (n=450)  

9 (2) 55 (12) 118 (26) 221 (49) 47 (11) 

Q.3 I believe that my patients have easy 

access to ABPM (n=447) 

39 (9) 116 (26) 127 (28) 123 (27) 42 (10) 

Q.4 I believe that ABPM is necessary to 

confirm values obtained in the office 

(n=449) 

 

13 (3) 41 (9) 92 (21) 203 (45) 100 (22) 

OBPM  

Q.1 I believe that I measure BP according 

to the recommended guidelines (n=449) 

5 (1) 36 (8) 72 (16) 271 (60) 65 (15) 

Q.2 I believe my colleagues (doctor, 

nurse and pharmacist) measure BP 

according to the recommended guidelines 

(n=446)  

10 (2) 81 (18) 120 (27) 208 (47) 27 (6) 

Q.3 I believe that using a standardized 

OBPM is not time consuming for my 

practice. (n=449) 

18 (4) 59 (13) 86 (19) 186 (42) 100 (22) 

Q.4 I believe my office is properly set up 

for me to measure BP in a standardized 

manner (n=450) 

 

 

 

46 (10) 98 (22) 86 (19) 149 (33) 71 (16) 
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AOBP  

Q.1 I believe that AOBP measurement is 

superior to OBPM (non-AOBP) (n=447) 

15 (3) 46 (10) 172 (39) 135 (30) 79 (18) 

Q.2 I believe that AOBP measurement is 

equivalent to both awake ABPM and 

HBPM (n=448)  

10 (2) 91 (20) 199 (44) 123 (28) 25 (6) 

Q.3 I believe that AOBP should be used 

to make therapeutic decisions (n=446) 

2 (0) 29 (6) 150 (34) 200 (45) 65 (15) 

Q.32 I believe that I have sufficient 

knowledge to perform and use AOBP 

correctly (n=447) 

69 (16) 64 (14) 99 (22) 129 (29) 86 (19) 

Notes. HBPM, home blood pressure measurement; ABPM, ambulatory blood pressure measurement; OBPM, office 

blood pressure measurement; AOBP, automated blood pressure measurement; BP, blood pressure; BPM, blood 

pressure measurement. 
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Supplemental Table S3. Barriers for all BPM methods 
 

BPM 

methods 

Top four Barriers identified n (%) 

HBPM Cost for patients  326 (72) 

Patient unwillingness to perform HBPM  226 (50) 

Patient anxiety  216 (48) 

Low patient reliability to report HBPM readings 

 

195 (43) 

ABPM Patients lack access to ABPM 269 (60) 

Non-availability of ABPM at workplace  264 (58) 

Patients incapacity to complete the test due to discomfort 188 (42) 

Patient preference 

 

132 (29) 

OBPM Insufficient time to follow guidelines when measuring BP 150 (33) 

Non-availability of educational material in my primary setting 135 (30) 

Insufficient time to calculate an average 135 (30) 

Insufficient resources and equipment to measure BP  

 

126 (28) 

AOBP Non-availability of AOBP device at my office/workplace 230 (51) 

Not having room to leave patient unattended for BP measurement 147 (33) 

Insufficient time to follow guidelines when measuring BP with AOBP 141 (31) 

Cost of the device for physicians 131 (29) 

Notes. HBPM, home blood pressure measurement; ABPM, ambulatory blood pressure measurement; OBPM, office 

blood pressure measurement; AOBP, automated blood pressure measurement; BP, blood pressure; BPM, blood 

pressure measurement. 
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Chapter 6. Knowledge, Perception and Practice of Québec 

Physicians and Pharmacists for Ambulatory and Clinic 

Blood Pressure Measurement Methods 

 

This chapter presents the results for physicians and pharmacists. These results will be 

published as an article in the near future. The preliminary results of physicians were presented 

virtually as a poster presentation at the SQHA congress, and results including preliminary results 

for all three HP were presented at Hypertension Canada Congress. The reference list and poster 

are attached in Annexe 24-25 
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Résumé en français 
 

Objectifs : Des lignes directrices pour les méthodes de mesure de la pression artérielle (PA), à 

savoir à domicile (MPAD), ambulatoire (MAPA), en clinique (MPAC) et oscillométrique en 

série (MPAC-OS) sont publiées par Hypertension Canada. Les médecins et les pharmaciens sont 

principalement impliqués dans les mesures de la PA, mais leurs connaissances, leur perception 

et leur pratique concernant toutes les méthodes sont en partie étudiées, et les études montrent 

des lacunes critiques avec les directives. Il s'agit de la première étude au Québec à dresser un tel 

portrait des médecins et pharmaciens travaillant en première ligne concernant les différentes 

méthodes de la PA. 

 

Méthodes : Les médecins et pharmaciens autorisés à exercer en première ligne au Québec ont 

été ciblés. Les données ont été recueillies à l'aide d'un questionnaire validé et pré-test initié par 

l'investigateur en anglais et en français. En décembre 2019, les médecins et pharmaciens ont été 

recrutés via la newsletter mensuelle de leurs associations avec un lien vers une plateforme 

sécurisée. L'UQTR a délivré un certificat d'éthique. 

 

Résultats : Au total, 45 médecins et 30 pharmaciens ont participé à l'étude. L'âge médian était 

de 50 ± 13 ans pour les médecins et de 42 ± 12 ans pour les pharmaciens. Le score global de 

connaissance des méthodes de la PA pour les médecins était de 52% ± 16 et pour les 

pharmaciens était de 60% ± 16, tandis que le score de perception pour les médecins était de 71% 

± 9 et pour les pharmaciens était de 72% ± 5. En pratique, les médecins utilisent fréquemment 

les MPAD à des fins de diagnostic (73%), de traitement (91%) et de suivi (86%), tandis que 

MPAD était recommandée par 53% des pharmaciens. Dans l'ensemble, la MAPA a été utilisée 

moins fréquemment (<50% du temps) par les médecins et les pharmaciens. En clinique, la 

méthode auscultatoire est encore utilisée par un pourcentage important de médecins (32%) et de 

pharmaciens (7%), tandis que 13% des médecins et 30% des pharmaciens utilisent la méthode 

MPAC-OS. 
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Conclusion : Les connaissances et la pratique globales étaient quelque peu optimales pour les 

médecins et les pharmaciens. La formation et la formation continue doivent être encouragées et 

renouvelées avec les méthodes pédagogiques les plus récentes. 
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Abstract 
 

Objectives: Guidelines regarding blood pressure measurement (BPM) methods, namely home 

(HBPM), ambulatory (ABPM), office (OBPM), and automated (AOBP), are published by 

Hypertension Canada. Physicians and pharmacists are commonly involved in BPM, but their 

knowledge, perception, and practice concerning all methods are partly studied, and studies show 

critical gaps with the guidelines. This study is the first to establish the portrait of Quebec 

physicians and pharmacists working in primary care settings concerning the four BPM methods. 

 

Methods: Physicians and pharmacists licensed in primary care were targeted. Data were 

collected using a validated and pretested investigator-initiated questionnaire in English and 

French. In December 2019, physicians and pharmacists were recruited through their 

associations' monthly newsletter with a link to a secured platform. UQTR issued a certificate of 

ethics. 

 

Results: A total of 45 physicians and 30 pharmacists participated in the study. The median age 

was 50 ± 13 years for physicians and 42 ± 12 for pharmacists. The overall knowledge score on 

BPM methods for physicians was 52% ± 16 and for pharmacists was 60% ± 16. The overall 

perception score for physicians was 71% ± 9 and for pharmacists was 72% ± 5. In practice, 

physicians use HBPM frequently for diagnostic purposes (73%), treatment (91%), and follow-

up (86%), while HBPM was recommended by 53% of pharmacists. Overall, ABPM was used 

less frequently (<50% of the time) by physicians and pharmacists. In the clinic, the auscultatory 

method is still used by a significant percentage of physicians (32%) and pharmacists (7%), while 

13% physicians and 30% pharmacists use the AOBP method. 

 

Conclusion: Overall, knowledge and practice were somewhat optimal for physicians and 

pharmacists. Training and continuing education should be encouraged and should be renewed 

with the newest education methods.  
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Results  
 

Sample characteristics  

A total of 45 physicians and 30 pharmacists completed the full questionnaire, 

corresponding to a response rate below 5%. The characteristics of physicians and pharmacists 

are presented in Table XV. The median age was 50 ± 13 years for physicians and 42 ± 12 for 

pharmacists.  Most physicians (77%) and pharmacists (60%) that answered were women. Most 

physicians (71%) and pharmacists (57%) were practicing for more than 11 full-time years in 

primary care practices. Less than a quarter (16%) physicians and 17% pharmacists indicated 

never having received any specific training on BPM. Five percent (5%) of physicians and 17% 

pharmacists were either members of Hypertension Canada or SQHA. 
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Table XV  Distribution of demographic characteristics and general questions 

Variables Physicians Pharmacists 

 (n=45) (n=30) 

 n(%) 

Age (years)  

< 30  2(5) 5(17) 

30-39  10(23) 9(30) 

40-49  6(14) 7(23) 

50-59  11(26) 8(27) 

≥ 60  14(33) 1(3) 

Sex    

Male 10(23) 11(37) 

Female 33(77) 18(60) 

Full-time practice in primary care practice (years) 

≤3  3(7) 6(20) 

4-10  9(21) 7(23) 

≥11  30(71) 17(57) 

Received specific training on BPM  

Yes, theoretical only (articles, conferences) 19(44) 18(60) 

Yes, practical only 2(5) 1(3) 

Yes, theoretical and practical 15(35) 6(20) 

Never received training 7(16) 5(17) 

Member of hypertension society  

Hypertension Canada 2(5) 3(10) 

SQHA - 2(7) 

Neither of them 41(95) 25(83) 

Notes. BPM, Blood pressure measurement; SQHA, Société québécoise d’hypertension artérielle 
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Knowledge of physicians and pharmacists concerning BPM methods 

Knowledge was assessed concerning diagnostic thresholds and technical aspects for all 

BPM methods (see Table XVI and Table XVII). By author consensus, knowledge was deemed 

adequate when scores for diagnostic thresholds and technical aspects were above 50%. 

Physicians showed adequate knowledge for OBPM, HBPM, ABPM (daytime) and AOBP 

thresholds with correct responses above 50%, while for ABPM (24-hour), correct responses 

were below 50% (see Table XVI). Pharmacists showed adequate knowledge for OBPM, HBPM 

and ABPM (daytime) with correct responses above 50%, while for AOBP and ABPM (24-hour), 

correct responses were below 50% (see Table XVI).  For technical aspects, both physicians and 

pharmacists showed adequate knowledge with correct responses above 50% for 9 out of 12 

aspects (see Table XVII). The overall mean knowledge score obtained by physicians for all 

methods was 8.8/17 ± 2.7 (52% ± 16) and by pharmacists for all methods was 10.1/17 ± 2.7 

(60% ± 16), which exceeded the 50% threshold (see Table XVIII). 

Table XVI  Percentage of correct responses of physicians and pharmacists concerning diagnostic 

thresholds for all BPM methods 

Diagnostic thresholds Physicians (n=45) Pharmacists (n=30) 

 Correct response Correct response 

 > 50% ≤ 50% > 50% ≤ 50% 

OBPM diagnostic threshold  

(140/90 mmHg) 

68%  87%  

HBPM diagnostic threshold  

(135/85 mmHg) 

62%  67%  

ABPM day-time diagnostic threshold 

(135/85 mmHg) 

56%  67%  

AOBP diagnostic threshold  

(135/85 mmHg) 

53%   37% 

ABPM mean 24-hour diagnostic 

threshold (130/80 mmHg) 

 40%  47% 

Notes. BPM, Blood pressure measurement; (correct answers) 
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Table XVII  Percentage of correct responses of physicians and pharmacists concerning technical 

aspects for all BPM methods 

Technical aspects Physicians (n=45) Pharmacists (n=30) 

 Correct response Correct response 

 > 50% ≤ 50% > 50% ≤ 50% 

HBPM     

  1. Measurement protocol (7days) 59%  87%  

  2. For mean calculation, first day values   

are discarded (True) 

50%   47% 

  3. Measurement taken each day  

     (2x morning, 2x evening) 

 44% 57%  

ABPM     

  4. Night-time interval (30-60 minutes) 71%  87%  

  5. Day-time interval (20-30 minutes) 51%  73%  

OBPM     

  6. Back should be supported (True) 75%  73%  

  7. Arm position should be below heart  

level (False) 

59%  63%  

  8. Protocol for average calculation   

     (Three; second-third averaged) 

59%  57%  

  9. Arm circumference (80 to 100%)  18%  27% 

AOBP     

  10. Preprogrammed multiple 

measurements automatically averaged 

(True) 

66%  63%  

  11. BPM with patient seated on 

examination table (False) 

66%  57%  

  12. 5-minutes rest period recommended       

(False) 

 7%  20% 

Notes. BPM, Blood pressure measurement; (correct answers)  
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Table XVIII Mean knowledge score of physicians and pharmacists for all BPM methods 

  Physicians (n=45) Pharmacists (n=30) 

BPM methods  Maximum 

score 

Score N 

M ± SD 

Score % 

M ± SD 

Score N 

M ± SD 

Score % 

M ± SD 

HBPM  4 2.1 ± 1.4 53 ± 35 2.5 ± 1.2 64 ± 31 

ABPM  4 2.1 ± 1.1 53 ± 28 2.7 ± 1.1 68 ± 29 

AOBP   4 1.8 ± 1.1 47 ± 28 1.7 ± 0.8 44 ± 22 

OBPM  5 2.8 ± 0.9 56 ± 19 3.0 ± 1.0 61 ± 21 

Overall  17 8.8 ± 2.7 52 ± 16 10.1 ± 2.7 60 ± 16 

Notes. BPM, Blood pressure measurement; M, Mean; SD, Standard deviation; N, numerical;%, percentage 

 

Perception of physicians and pharmacists concerning BPM methods 

The perception was assessed concerning the beliefs of physicians and pharmacists about 

the usefulness of BPM methods. On a scale of 1 to 5, physicians and pharmacists showed strong 

agreement for the usefulness of all BPM methods (see Table XIX ). The overall perception score 

for all methods obtained by physicians was 57/80 ± 7.2 (72% ± 9) and by pharmacists was  57/80 

± 4.3 (72% ± 5) (see Table XIX). 

Table XIX  Mean perception score of physicians and pharmacists for all BPM methods 

  Physicians (n=45) Pharmacists (n=30) 

BPM methods  Maximum 

score 

Score N 

M ± SD 

Score % 

M ± SD 

Score N 

M ± SD 

Score % 

M ± SD 

HBPM  20 17.3 ± 3.0 87 ± 15 16.7 ± 1.8 84 ± 9 

ABPM  20 13.4 ± 3.1 67 ± 16 14.6 ± 2.3 73 ± 12 

AOBP   20 14.6 ± 2.3 73 ± 12 13.8 ± 2.2 69 ± 11 

OBPM  20 12.3 ± 4.0 62 ± 20 12.4 ± 1.8  62 ± 9 

Overall  80 57.7 ± 7.2  72 ± 9 57.6 ± 4.3 72 ± 5 

Notes. BPM, Blood pressure measurement; M, Mean; SD, Standard deviation; N, numerical; %, percentage  
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Practice of physicians and pharmacists concerning BPM methods 

 

Ambulatory methods 

In practice, physicians indicated using HBPM frequently for diagnosis (73%), treatment 

(91%) and follow-up (86%) purposes (see Figure 12). ABPM is considered as a gold standard 

method; however, physicians indicated using ABMP (<50% of the time) for diagnosis (23%), 

treatment (24%) and follow-up (11%) (see Figure 12). More than half (53%) of the pharmacists 

indicated HBPM was frequently recommended to their patients, whereas 47% indicated ABPM 

was rarely recommended to their patients (see Figure 13). Concerning the provision of education 

to patients, 62% of the physicians indicated that education for HBPM was frequently provided 

to their patients (see Figure 14). However, nearly one-third (38%) of the physicians indicated 

that education for ABPM was rarely provided to their patients (see Figure 14). Interestingly, less 

than a quarter (20%) of pharmacists indicated education for HBPM and ABPM was frequently 

provided (see Figure 15). 

 

Figure 14 Distribution of physicians responses regarding practice about HBPM and ABPM 

 



 
 

 

151 
 
 

 

 

Figure 15 Distribution of pharmacists responses regarding practice about HBPM and ABPM 

 

 

Figure 16 Distribution of physicians responses regarding the provision of education concerning 

HBPM and ABPM 
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Figure 17 Distribution of pharmacists responses regarding the provision of education concerning 

HBPM and ABPM 

 

Clinic methods 

For clinic BPM methods, physicians indicated using OBPM frequently for screening 

(78%), diagnosis (59%) and treatment (56%) (see Figure 16).  AOBP was also used quite 

frequently for screening (60%), diagnosis (59%) and treatment (57%) (see Figure 16). The 

auscultatory method was still used by a significant percentage of physicians (32%) and 

pharmacists (7%), while 13% of physicians and 30% pharmacists use the AOBP method and 

57% physicians and 57% pharmacists use the electronic oscillometric device (see Figure 17). 

Finally, physicians and pharmacists identified the main barriers they perceived for all four BPM 

methods (see Table XX).  Most frequent were the cost of  HBPM for patients (65% physicians, 

83% pharmacists), patients lack access to ABPM (82% physicians, 60% pharmacists), 

insufficient time to follow guidelines when measuring BP (47% physicians, 44% pharmacists), 

not having room to leave patient unattended for BP measurement (36% physicians, 23% 

pharmacists) (see Table XX).  
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Figure 18 Distribution of physicians responses regarding practice about OBPM and AOBP 

 

 

Figure 19 Distribution of physicians and pharmacists responses regarding practice about  OBPM 
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Table XX  Barriers for all BPM methods 

BPM 

methods 

Top four Barriers identified Physicians (%)  Pharmacists (%) 

HBPM Cost for patients  65% 83% 

Patient unwillingness to perform HBPM  63% 53% 

Patient anxiety  40% - 

Low patient reliability to report HBPM readings 37% - 

Low reimbursement fees for health professionals - 57% 

Insufficient time to teach patient about HBPM  - 53% 

ABPM Patients lack access to ABPM 82% 60% 

Cost of the test for patients 56% 67% 

Non-availability of ABPM at workplace  49% 37% 

Patient preference  51% - 

OBPM Insufficient time to follow guidelines when 

measuring BP 

47% 44% 

Insufficient time to calculate an average 36% 11% 

Insufficient resources and equipment to measure BP  24% 15% 

Non-availability of educational material in my 

primary setting 

24% - 

Non-availability of electronic oscillometric device 

(non-automated)  

- 22% 

AOBP Insufficient time to follow guidelines when 

measuring BP with AOBP 

53% 57% 

Cost of the device for physicians 51% 27% 

Not having room to leave patient unattended for BP 

measurement 

36% 23% 

Non-availability of AOBP device at my 

office/workplace  

- 63% 

 

 

 

 

 



 
 

 

155 
 
 

 

Chapter 7. Discussion 

This thesis primarily focused on the research project concerning the knowledge, 

perception, and practice of HP about the different BPM methods. More precisely, the articles of 

this thesis, through a scoping review and as a systematic study, presented the global portrait and 

provincial portrait of HP concerning the three concepts and four BPM methods. Although a 

complete discussion is made in each article, this chapter offers a general discussion. This chapter 

also outlines the strengths and limitations of the research and offers future perspectives for 

practice, education and research. 

Scoping review 

The scoping review was the foundation of our research and made it possible to assess 

the literature globally and gather evidence concerning knowledge, perception and practice of 

physicians, nurses, and pharmacists regarding the four BPM methods. Since this is a scoping 

review consisting of global data, we briefly present the discussion here and highlight the results. 

The scoping review highlights that on a global scale, knowledge of the three HP is inadequate, 

and practices are unsatisfactory, while perceptions are mostly positive. These results were 

observed in the continents of North America, South America, Africa, Europe, Asia, and 

Australia. The results further highlight the gap between the recommended guidelines for BPM 

methods and the knowledge, perception, and practice of HP. Though nurses and pharmacists are 

an integral part of primary care management, our scoping review highlighted that they were 

partly studied. Therefore, when conducting our research survey, we included all three HP.  

Knowledge, perception, and practice of Quebec nurses concerning ambulatory and clinic 

BPM methods 

This study is the first in Canada to draw a portrait of Quebec nurses' knowledge, 

perception, and practice concerning ambulatory and clinic BPM methods. The results of this 

study demonstrated that knowledge and practice were suboptimal, while perception was 
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optimal. The potential impact of such results means that a large population could be 

misdiagnosed and put on unnecessary treatment. Also, it may lead to truly hypertensive patients 

being overlooked. Additionally, if nurses do not have adequate knowledge, patient education is 

also incorrectly provided, resulting in imprecise diagnosis and treatment of hypertensive 

patients.  

Nurses should have adequate knowledge about diagnostic thresholds and technical 

aspects of BPM methods (Rabi et al., 2020). Disregarding these areas can impact the values 

obtained, which leads to an incorrect diagnosis of hypertension (Campbell et al., 2005; 

Kallioinen et al., 2017). Our study showed that the overall knowledge of nurses for all BPM 

methods was below 50%. In addition, the aspects such as diagnostic thresholds for HBPM, 

ABPM and AOBP need to be improved, as noted from our results that nurses overestimated 

those thresholds. So far, only one study has documented nurses' knowledge concerning HBPM, 

which indicated that only 3% of nurses knew the correct thresholds (Ishikuro et al., 2016). 

Interestingly, in our study, 39% of nurses knew the correct HBPM thresholds. Globally no 

published study has documented nurses' knowledge concerning ABPM and AOBP methods. 

Unfortunately, we cannot draw comparisons with Canadian studies because no study 

documented nurses knowledge of HBPM, ABPM and AOBP methods. Given that nurses are 

primarily involved in BPM and provide education to patients about ambulatory methods, it is 

discouraging to note that nurses remain under-studied.  

Furthermore, concerning technical aspects of BPM, results of our study showed that 

nurses had inadequate knowledge about HBPM protocol for average calculation, measurement 

protocol with HBPM, the protocol for the time interval with ABPM, recommended rest period 

with AOBP and the most fundamental aspects with OBPM such as arm position, arm 

circumference and average calculation. Nurses play an active role in BPM and, more 

specifically, provide education to patients regarding HBPM and ABPM, and therefore, our 

results are alarming. However, our results are consistent with the global literature that highlights 
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the most fundamental aspects are often overlooked (Ahmed, 1997; Chen, Liu, Liu, & Tsai, 2011; 

Cloutier, 2007; Coogan et al., 2015; Dalfó-Pibernat et al., 2018; Dickson & Hajjar, 2007; 

Gillespie & Curzio, 1998; Gleichmann, Gleichmann, Mannebach, Mellwig, & Philippi, 1989; 

Ishikuro et al., 2016; Machado et al., 2014; Markandu, Whitcher, Arnold, & Carney, 2000; 

McVicker, 2001; Nolan & Nolan, 1993; Ojo, Sogunle, Malomo, & Adesoji, 2018; Villegas, 

Arias, Botero, & Escobar, 1995; Vloet, Smits, Frederiks, Hoefnagels, & Jansen, 2002; 

Wingfield, Pierce, & Feher, 1996). Results of our scoping review have meticulously appraised 

the literature and highlighted these results (Todkar et al., 2020). BPM training is a core 

competency of many curriculum programmes, and HP acquires it during their academic career. 

Therefore, it is not reassuring to note that 48% of the nurses in our study did not have formal 

theoretical or practical training in BPM, while only 26% received theoretical training (articles, 

conferences), 7% received practical training, and 19% received both. Similar results were seen 

in one study that reported 84% of physicians and nurses received no formal training in BPM 

(McVicker, 2001).  

Despite significant resources invested in Canada over the last few years in developing 

and implementing the Hypertension Canada Guidelines, knowledge transfer strategies, the 

knowledge did not improve. This could be because BPM is still considered a basic and simple 

procedure, and HP may have overlooked it. As a result, they might have focused on other more 

complex procedures.  

Concerning perceptions, our results are encouraging to note that nurses have a strong 

agreement regarding the usefulness of ambulatory and clinic BPM methods in hypertension 

management. Our results are consistent with literature for HBPM and OBPM methods that 

showed nurses had positive perceptions concerning these methods (Block et al., 2018; Ishikuro 

et al., 2016; Jones et al., 2013). However, globally no published study has documented nurses' 

perceptions concerning ABPM and AOBP methods. In addition, only two studies on HBPM and 

one study on OBPM have documented nurses' perceptions (Block et al., 2018; Ishikuro et al., 

2016; Jones et al., 2013).  Therefore, to our best knowledge, our study is the first to document 

nurses' perceptions concerning ambulatory and clinic BPM methods.  
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Concerning practice, our study showed several divergences regarding the ambulatory 

and clinic BPM methods. Although nurses strongly agreed about the usefulness of ambulatory 

methods, our results showed that the frequency of recommending HBPM and ABPM to their 

patients was below 50%. One reason could be because physicians often recommend HBPM and 

ABPM to their patients, and not all nurses are authorized to make the decision. The divergences 

can be further explained due to the top barriers listed in our study that includes HBPM cost for 

patients, patients unwillingness to perform HBPM, patients anxiety, patients' lack of access to 

ABPM or non-availability of ABPM at the workplace. Similar barriers have also been identified 

in other studies with physicians (Boivin et al., 2011; Jackson et al., 2019; Jones et al., 2013; 

Kaczorowski et al., 2017; Martín-Rioboó et al., 2018; Setia, Subramaniam, Teo, & Tay, 2017; 

Steinmann, Chitima-Matsiga, & Bagree, 2011; Tirabassi, Fang, & Ayala, 2013; Tislér et al., 

2006; Tsakiri et al., 2013; Woolsey, Brown, Ralls, Friedrichs, & Stults, 2017). Our results are 

similar to other studies that showed the frequency of recommending HBPM to patients was 

below 50% (Ishikuro et al., 2016; Tirabassi et al., 2013). A study by Tirabassi et al. mentioned 

that compared to physicians, nurses were significantly likely to recommend HBPM to their 

patients; however, the percentage was below 50% (32% physicians vs 40% nurses) (Tirabassi 

et al., 2013). We could not make comparisons for ABPM due to the lack of published literature 

globally and in Canada.  

Regarding patient education, which is a crucial area of BPM, and one that is directly in 

the scope of nursing practice, our results showed that the frequency of providing patient 

education for HBPM and ABPM methods was below 50%. Similar findings were observed in 

other studies where patient education is often a neglected area (Ishikuro et al., 2016; Jackson et 

al., 2019; Jones et al., 2013; McGowan, Gough, Maxwell, & Padfield, 2007). Finally, we note 

that no study published in Canada has documented nurses' practice concerning ambulatory 

methods. Our scoping review highlighted that globally not many studies were performed on 

nurses concerning ambulatory methods (Todkar et al., 2020).  
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Concerning clinic methods, our results showed a slight shift towards the use of the oscillometric 

device (57%) as a routine BPM method, while still, a significant proportion of nurses (11%) use 

the manual method and only a quarter (25%) use AOBP method. Recent literature shows similar 

results where nurses and physicians still use the manual method for routine BPM (Kaczorowski 

et al., 2017; Ojo et al., 2018; Sandoya-Olivera, Ferreira-Umpiérrez, & Machado-González, 

2017). Additionally, the results of our scoping review highlighted that prior to the technological 

advancement of BPM, studies in the past have shown that the manual method (auscultatory and 

aneroid) was routinely used BPM method (Todkar et al., 2020). A recent Canadian survey of 

physicians reported that 54% of physicians used the manual method, and only 43% used the 

AOBP method routinely to measure BP (Kaczorowski et al., 2017). Hypertension Canada 

guidelines recommend the AOBP method; however, it is not fully implemented in clinical 

practice. This could be explained further by the top barriers identified in our study, including 

non-availability of AOBP device at the office (51%), not having room to leave patients 

unattended for BPM (33%), insufficient time to follow guidelines when measuring BP with 

AOBP (31%), cost of the device for physicians (29%). So far, no published study in Canada and 

globally has documented nurses' practice concerning the AOBP method.  

Knowledge, perception and practice of Quebec physicians and pharmacists concerning 

ambulatory and clinic BPM methods 

This study demonstrated that physicians and pharmacists have positive perceptions and 

somewhat adequate knowledge and practice. However, some areas of knowledge and practice 

need to be improved. Physicians and pharmacists are primary care providers and play a vital 

role in BPM. Therefore, it is deemed essential to have knowledge concerning diagnostic 

thresholds and technical aspects of BPM methods (Rabi et al., 2020; Williams et al., 2018). Our 

study showed that the overall knowledge of physicians and pharmacists for all BPM methods 

was slightly above 50% (physicians 52% vs pharmacists 60%). Concerning knowledge about 

diagnostic thresholds, physicians showed adequate knowledge level above 50% for HBPM, 

OBPM, day-time ABPM and AOBP; however, physicians overestimated the thresholds for 24-

hour ABPM. In practice, this would mean that patients will be misdiagnosed as hypertensive. 
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Pharmacists had adequate knowledge level above 50% for HBPM, OBPM, day-time 

ABPM; however, pharmacists overestimated the thresholds for AOBP and 24-hour ABPM and 

chose thresholds similar to that of OBPM. These aspects need improvement as they are very 

crucial for the diagnosis of hypertension. It is important to highlight that no study published in 

Canada has documented knowledge of physicians and pharmacists. Due to limited data in 

Canada, we cannot make a comparison for the diagnostic threshold aspect. This comparison is 

crucial because we are using Hypertension Canada Guidelines as a reference framework for our 

study.  

The global literature has shown that physicians have inadequate knowledge regarding 

the diagnostic threshold with HBPM, ABPM and OBPM (Fletcher et al., 2016; Kobayashi et 

al., 2010; Mion, Pierin, Lessa, & Nobre, 2002; Obara et al., 2010; Tsakiri et al., 2013). Results 

of our scoping review highlighted these findings (Todkar et al., 2020). Results of our study show 

slight variance from the literature showing adequate knowledge level of Quebec physicians. 

However, we cannot generalize the results of our study due to the limitations attributed to the 

small sample size. We also point out that so far, only one study has documented physicians' 

knowledge about ABPM that showed knowledge gaps (Dalfó-Pibernat et al., 2018). 

Furthermore, no published study in Canada and globally documented physicians' knowledge 

about the AOBP method. For pharmacists, the results of two HBPM studies indicated that less 

than a third (29%) of pharmacists had adequate knowledge about diagnostic thresholds (Matowe 

et al., 2008; Obara et al., 2012). So far, no published study in Canada and globally documented 

pharmacists' knowledge for ABPM, OBPM and AOBP methods. Moreover, on a global scale, 

pharmacists remain under-studied, especially for ambulatory methods, although they are part of 

a multidisciplinary team-based approach for hypertension management  (Marra et al., 2017; 

Matowe et al., 2008; Santschi et al., 2014; Tsuyuki et al., 2018). To our best knowledge, our 

study is the first in Canada to document the knowledge of physicians and pharmacists for 

ambulatory and clinic methods. 
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Concerning the knowledge on technical aspects, our study showed that physicians and 

pharmacists had overall adequate knowledge. However, some technical aspects still need to be 

improved. Physicians showed inadequate knowledge (below 50%) for the protocol for 

measurement with HBPM, the protocol for arm circumference with OBPM and recommended 

rest period with AOBP. Pharmacists showed inadequate knowledge (below 50%) for the 

protocol for average calculation with HBPM, the protocol for arm circumference with OBPM 

and recommended rest period with AOBP. Such results would mean that non-hypertensive 

patients are misdiagnosed, and hypertensive patients are disregarded. Here, we note that both 

physicians and pharmacists lacked knowledge about the rest period with AOBP and protocol 

for arm circumference with OBPM. Regarding the rest period with AOBP, Hypertension 

Canada Guidelines recommend that AOBP be performed with no particular rest period (Myers 

& Colella, 2019; Rabi et al., 2020; Stults et al., 2019). Adding a 5-minute rest period could result 

in readings that are lower than the corresponding awake ABPM (Myers & Colella, 2019; Myers 

& Kaczorowski, 2017). Despite the recommendations, only 7% of physicians and 20% of 

pharmacists gave the correct response in our study. We cannot compare with other studies 

because no published study in Canada and globally documented knowledge of physicians and 

pharmacists about AOBP method. Regarding arm circumference with OBPM, Hypertension 

Canada guidelines recommend that the bladder length should cover 80-100% of the arm 

circumference (Rabi et al., 2020). In our study, only 18% of physicians and 27% of pharmacists 

gave the correct response. Our results are consistent with other studies that found similar results 

(Ahmed, 1997; Gillespie & Curzio, 1998; Markandu et al., 2000). A study by Markandu et al. 

reported that only 32% of physicians correctly knew the bladder length (Markandu et al., 2000). 

So far, no study has documented pharmacists' knowledge for AOBP and OBPM methods.  

Furthermore, 35% of physicians and 20% of pharmacists in our study mentioned having 

received theoretical and practical training in BPM, and 44% of physicians and 60% of 

pharmacists received only theoretical training (articles, conferences) on BPM. Similar results 

were seen in one study that reported 84% of physicians and nurses received no formal training 

in BPM (McVicker, 2001).  
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Concerning perceptions, our results are encouraging to note that physicians and 

pharmacists strongly agree on the usefulness of ambulatory and clinic BPM methods. Our results 

are consistent with literature for HBPM and ABPM methods that showed physicians had 

positive perceptions concerning these methods (Carrera & Lambooij, 2015; Cheng, Studdiford, 

Diamond, & Chambers, 2003; Fletcher et al., 2016; Grin, McCabe, & White, 1993; Jones et al., 

2013; McManus, Wood, et al., 2014; Mejzner, Clark, Smith, & Campbell, 2017; Obara et al., 

2012; Setia, Subramaniam, Teo, et al., 2017; Setia, Subramaniam, Tay, & Teo, 2017; Steinmann 

et al., 2011; Sugano et al., 2014; Tislér et al., 2006; White, Grin, & McCabe, 1993). A Canadian 

survey indicated that 52% of physicians considered HBPM as part of standard hypertensive care 

and 63% often recommended it to their patients (Logan et al., 2008). This study also reported 

that physicians had concerns with HBPM regarding patients becoming preoccupied with HBPM 

(70%) and accuracy of device (65%). In our study, physicians listed the top barriers for HBPM 

implementation that included cost for patients (65%), patient unwillingness to perform HBPM 

(63%), patient anxiety (40%), low patient reliability to report HBPM readings (37%) (see Table 

XVIII). A study by Obara et al. showed that pharmacists had a positive perception of HBPM 

and that 90% of pharmacists considered HBPM more useful than the clinic method (Obara et 

al., 2012). So far, no published study in Canada documented physicians' and pharmacists' 

perceptions of ABPM, OBPM and AOBP methods. Globally, no published study documented 

pharmacists' perception for ABPM, OBPM and AOBP methods. Thus, our study is the first in 

Canada to document perceptions of physicians and pharmacists regarding ambulatory and clinic 

BPM methods. 

Concerning practice for ambulatory methods, our results showed satisfactory practice 

with 73% of physicians using HBPM for diagnosis purposes, 91% for treatment and 86% for 

follow-up. Interestingly, variance in practice was seen in a recent Canadian survey of family 

physicians (n=769) that reported HBPM was frequently used by only 22% of physicians for 

diagnosis purposes and 69% of physicians for ongoing management of hypertension 

(Kaczorowski et al., 2017). However, studies from other countries reported satisfactory 

physicians' practice with HBPM, which is similar to the results of our study (Fletcher et al., 
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2016; Kim, Kim, Kim, Jung, & Ryu, 2012; Martín-Rioboó et al., 2018; McManus, Wood, et al., 

2014; Obara et al., 2010; Setia, Subramaniam, Teo, et al., 2017; Setia, Subramaniam, Tay, et 

al., 2017; Steinmann et al., 2011; Sugano et al., 2014; Tislér et al., 2006).   

For ABPM, our results were unsatisfactory and showed that the frequency of using and 

recommending ABPM to patients was below 50%. Although ABPM is considered the gold 

standard method for diagnosis and is recommended by Hypertension Canada Guidelines, our 

results are disappointing. However, similar findings were seen in the Canadian survey of family 

physicians (n=769), which reported, despite the easy access to ABPM, only 14% of physicians 

were using it for diagnosis purposes (Kaczorowski et al., 2017). Studies in other countries have 

also reported that the frequency of using and recommending ABPM to patients by physicians 

was below 50% (Carrera & Lambooij, 2015; Kobayashi et al., 2010; Martín-Rioboó et al., 2018; 

McGowan et al., 2007; Mejzner et al., 2017; Setia, Subramaniam, Teo, et al., 2017; Woolsey et 

al., 2017). The relatively low use of ABPM could be further be explained by the barriers listed 

by physicians in our study that include patients lack of access to ABPM (82%), cost of the test 

for patients (56%), patient preference (51%) and non-availability of ABPM at workplace (49%) 

(see Table XVIII). Interestingly, in the study by Kaczorowski et al., 78% of physicians indicated 

that ABPM was readily available for their patients (Kaczorowski et al., 2017). Surprisingly, this 

was the top listed barrier in our study, as mentioned earlier. A study by Martín-Rioboó et al. 

reported that only 30% of physicians recommend ABPM for diagnosis purposes, and 70% 

reported a lack of access to ABPM as an important reason for not using ABPM in their practice 

(Martín-Rioboó et al., 2018).  

Regarding pharmacists, the results of our study reported that 53% of pharmacists 

frequently recommended HBPM to their patients, while for ABPM, the frequency was below 

50%. The possible explanation is the barriers reported in our study by pharmacists that included 

the cost of HBPM for patients, patient unwillingness to perform HBPM, low reimbursement 

fees for HP, patients lack of access to ABPM, cost of the test for patients, non-availability of 

ABPM at workplace (see Table XVIII). Unfortunately, due to limited data for pharmacists, we 

could only retrieve results from one study that reported 72% of community pharmacists and 
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49% of hospital pharmacists recommended HBPM to their patients (Obara et al., 2012). 

Unfortunately, we cannot make comparisons for pharmacists concerning the ABPM method 

since no published study in Canada and globally documented pharmacists' practice.  

Hypertension Canada guidelines strongly recommend providing education to patients 

concerning ambulatory methods (Rabi et al., 2020). However, the results of our study indicated 

that the frequency of providing patient education by physicians for HBPM was more than 50%, 

while for ABPM, it was below 50%. In addition, pharmacists indicated that the frequency of 

providing patient education for HBPM and ABPM methods was below 50%. One possible 

reason could be the different roles of HP, such that nurses often perform patient education. 

Another reason could be the barrier identified in our study that includes insufficient time to 

teach patients about HBPM, as indicated by 53% of pharmacists. Results from two Canadian 

surveys reported that less than 10% of patients received specific education concerning HBPM 

(Logan et al., 2008; Milot et al., 2015). In addition, studies in other countries have reported that 

physicians and pharmacists rarely provide patient education for HBMP and ABPM (Boivin et 

al., 2011; Jackson et al., 2019; Jones et al., 2013; Martín-Rioboó et al., 2018; Matowe et al., 

2008; Obara et al., 2010; Setia, Subramaniam, Teo, et al., 2017; Woolsey et al., 2017).  

Concerning practice for clinic methods, we found a slight variation compared to another 

Canadian survey (Kaczorowski et al., 2017). It is important to note that we cannot generalize 

the results due to the low response rate. Results of our study showed that 78% of physicians 

were using OBPM, and 60% were using AOBP for screening purposes, 59% were using OBPM, 

and 59% were using AOBP for diagnosis purposes, 56% were using OBPM, and 57% were 

using AOBP for treatment purposes. Surprisingly, the results of the Canadian survey reported 

that for screening, 54% of physicians were still using manual methods (mercury or aneroid) 

while 43% were using AOBP (Kaczorowski et al., 2017). Additionally, for diagnosis purposes, 

31% of physicians frequently used AOBP, and 21% used manual OBPM, and for ongoing 

management, 59% used AOBP, and 64% used the manual OBPM method (Kaczorowski et al., 

2017).  
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Globally, this particular aspect of OBPM practice has not been studied. Additionally, 

our study showed that although an oscillometric device was used by more than 50% of 

physicians and pharmacists, AOBP remains a less used method (below 50%), and the manual 

method was still used for routine BPM. The relatively low use of AOBP in our study is explained 

by the barriers listed by physicians and pharmacists that include insufficient time to follow 

guidelines (physicians 53% vs 57% pharmacists), cost of the device for physicians (51% vs 

27%), not having room to leave the patient alone (36% vs 23%).  Despite the guidelines by 

hypertension societies, studies in Canada and globally have shown that the manual method is 

still being used as a routine BPM method and that AOBP remains a less used method (Bhalla, 

Singh, D'Cruz, Lehl, & Sachdev, 2005; Chalmers, Arima, Harrap, Touyz, & Park, 2013; 

Dickson et al., 2013; Kaczorowski et al., 2017; Kobayashi et al., 2010; McKay et al., 1990; 

Mion et al., 2002; Mohan et al., 2014; Ojo et al., 2018; Sandoya-Olivera et al., 2017; Sebo et 

al., 2014; Veiga et al., 2003; Wingfield et al., 1996; Woolsey et al., 2017). Moreover, most 

literature identified is over the past 20 years when the auscultatory method was being used, and 

BPM advancement is recent. Also, the fact that AOBP is still not completely incorporated by 

many Hypertension societies.  

Finally, as mentioned previously in the theoretical framework, the competence of HP is 

built on knowledge, perception, and practice. Therefore, these three areas are crucial to 

performing the required task accurately and meeting the professional standards. However, our 

results showed that there are gaps in the knowledge and practice of HP. Therefore, to be 

clinically competent in BPM, improvements are needed, especially in those two areas. 

 

Strength and limitations 

Some of the strengths and limitations are presented in the articles. Here general strengths 

and limitations are presented. Our research consisted of the scoping review and the study 

concerning nurses, physicians, and pharmacists. To our knowledge, our research was the first to 
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conduct the scoping review specifically on knowledge, perception, and practice of physicians, 

nurses, and pharmacists concerning the four BPM methods together in a single study. In 

addition, the survey was the first to portrait the knowledge, perception and practice of nurses, 

physicians and pharmacists in Quebec concerning the ambulatory and clinic BPM methods 

together in a single study.  

Thus, one of the strengths of our research is the methodology. First, for the scoping 

review, we systematically appraised the heterogeneous literature and presented the results. 

Following our scoping review, an editorial comment was published emphasizing BPM as an 

essential clinical skill worldwide (Cappuccio, 2021). Second, for our study concerning nurses, 

physicians, and pharmacists, we used a well-validated and pretested investigator-initiated 

questionnaire. The questionnaire validation method has been well explained in our article 

concerning nurses. It is also explained precisely in the methodology chapter of this thesis.  

We emphasize that the development and validation of the questionnaire followed a 

rigorous process, thus ensuring good internal validity of the study. In addition, it is well-

established that instrument validation is a crucial step in determining the internal validity of any 

study (Boateng, Neilands, Frongillo, Melgar-Quiñonez, & Young, 2018; Gray et al., 2017; 

Kimberlin & Winterstein, 2008; Waltz et al., 2018). However, we note that the questionnaire 

validation method has been rarely discussed in the previously listed literature. Our BPM 

questionnaire is available in English and French which could be used by other researchers across 

Canada. Since the questionnaire for our study was developed using Hypertension Canada 

Guidelines as a reference framework, it seems appropriate to be considered in Canada. It could 

also be used as a pretest-posttest during BPM education for HP.  In addition, regarding the 

recruitment method, we noted that for nurses, a personalized email invitation signed by a known 

researcher in Quebec seemed effective in obtaining a better response rate compared to that of 

physicians and pharmacists.  One possible explanation for this is that nurses are more willing to 

disclose their contact information to participate in research, and when contacted, more nurses 

participate in research. Also, they have the opportunity during their academic studies to become 

aware of the research. 
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Limitations were well discussed in the articles of scoping review and in the study of 

nurses. Here we briefly highlight the general limitations of our study concerning the three HP. 

A significant limitation of our study concerning nurses, physicians, and pharmacists was a low 

response rate. One of the reasons could be the recruitment method. In the study concerning 

nurses, personalized email invitations seemed slightly more effective than associations' monthly 

newsletters in achieving a better response rate. However, the response rates for online surveys 

are generally very low, ranging from 16% to 20% (Corner & Lemonde, 2019; Dillman et al., 

2014; Waltz et al., 2018; Weaver et al., 2019). The low response rates are consistent with other 

global and Canadian surveys (Cook, Dickinson, & Eccles, 2009; Kaczorowski et al., 2017; 

Logan et al., 2008; Martín-Rioboó et al., 2018; Nulty, 2008; Ojo et al., 2018; Weaver et al., 

2019; Wiebe, Kaczorowski, & MacKay, 2012). There is a concern that response rates have 

recently declined due to the increasing demand for HP to participate in research activities (Cook 

et al., 2009; McAvoy & Kaner, 1996; Moore, Post, & Smith, 1999). The declining trend in 

response rates has led some physicians to adopt an office policy of not participating in surveys 

of any kind (Wiebe et al., 2012). In addition, low response rates can lead to bias, as non-

respondents may be systematically different from the respondents (Cook et al., 2009). Although 

in our study concerning nurses, physicians, and pharmacists, respondents appear to be similar 

to non-respondents, the response rate and the number of characteristics available for this 

comparison are very low. Therefore, it is possible that participants in our study, especially 

physicians and pharmacists, are likely those interested, motivated, and experienced in BPM. 

This could have resulted in voluntary bias. 

Additionally, the fact that not all registered nurses, physicians and pharmacists 

participated in our study. We tried to minimize the risk of a low response rate by sending two 

reminders, keeping the survey anonymous and providing incentives to participants. These 

methods effectively minimize low response rates (Cook et al., 2009; Dillman et al., 2014; Nulty, 

2008). However, there is also the possibility of social desirability bias, which leads respondents 

to choose options that are perceived to be more appropriate but do not necessarily reflect actual 

practice.  
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Regarding external validity, it should be noted that generalization of results is a 

significant limitation for the following reasons. First, we cannot validate that our sample is 

random. Second, we do not know all characteristics of the respondents. Third, our study 

objective was to conduct a descriptive survey, and therefore we only performed descriptive 

analysis. We did not do the correlation analysis for demographic characteristics such as age, and 

therefore we do not know if younger or older HPs perform better. Fourth, we only surveyed 

primary care settings across Quebec. Therefore, we do not know the generalisability of our 

findings to other specialties or practices. As a result, the observations captured herein can only 

be generalized to settings with a similar context. However, a similar process is likely to exist in 

other parts of Canada, and the results of this study could be used as a basis for a more extensive 

survey that could attempt to confirm them in a broader setting. Fifth, we have no data based on 

regions of Quebec in which nurses, physicians, and pharmacists are practicing since our 

questionnaire did not include this question. It would have been interesting to study it and do the 

correlation analysis. Also, our questionnaire did not have questions about the educational level 

and categories of HP, so we cannot draw any comparisons. It would be interesting to add these 

questions in future research and analyze the impact of education level on knowledge and practice 

of HP and compare with different categories of HP such as NPs, clinical nurses, residents, 

specialists, hospital pharmacists. 

 

Recommendations for education, practice, and research  

Education  

Consistent with our research findings, we note that improvements are still needed in 

knowledge. BPM is a core competence that HP learns in their graduate school. However, studies 

have shown that even newly graduated students lack the necessary knowledge of BPM (Alimp 

lu, Mamakli, Gürq1nar, & Aktekin, 2011; Bland & Ousey, 2012; Bogan, Kritzer, & Deane, 

1993; Bottenberg, Bryant, Haack, & North, 2013; Crosley & Rose, 2013; Gazibara et al., 2015; 
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González-López et al., 2009; Rakotz et al., 2017; Torrance & Serginson, 1996). Therefore, it is 

essential to review the strategies and content of BPM education at the graduate level. The core 

curriculum of schools and postgraduate training programs should include standardized 

education and performance evaluation in BPM (Padwal et al., 2019). Although teaching will be 

more simplified due to technological advances in BPM, yet knowledge concerning fundamental 

aspects of BPM is still required. The graduate-level education programme should focus on the 

most fundamental aspects of BPM, such as cuff placement, arm circumference, position, rest 

period, and average calculation. The curriculum should include the guidelines, and students 

should be made aware of BPM guidelines. Those who teach about BPM must be specifically 

trained in BPM (Consortium, 2017).  

A semi-annual or annual competency evaluation should be performed in programmes of 

longer duration (for example, in medicine) (Consortium, 2017; Padwal et al., 2019). In addition, 

practical and theoretical knowledge should be evaluated using written, oral exams, observational 

checklists, pre-post tests (Luetsch & Burrows, 2016). Studies have shown that implementing an 

educational training programme on BPM effectively improves HPs theoretical and practical 

knowledge (Block et al., 2018; Daniel et al., 2019; Rabbia et al., 2013). In addition, studies have 

highlighted some effective teaching strategies for students, including group discussions, 

individual instruction, interactive learning, web-based learning, games, simulation, and role-

playing (Bellan, Alves, Neves, & Lamas, 2017; Côrtes et al., 2018; Courtier, Webb, Phelps, & 

Naeger, 2016; Daniel et al., 2019; Davidson & Candy, 2016; Horntvedt, Nordsteien, Fermann, 

& Severinsson, 2018). These strategies could promote the active participation of students, use 

their cognitive and affective psychomotor skills, and develop their theoretical and practical 

knowledge and critical thinking abilities (Daniel et al., 2019).  

For example, Lyne Cloutier, a well-known researcher and professor of nursing in 

Quebec, has developed a virtual training programme for BPM consisting of teaching material 

and resources such as a visual poster presenting BPM protocol, a video on BPM, and a test to 

evaluate knowledge. This material could be used in the teaching curriculum. It would also assist 

HP or students to acquire theoretical and practical knowledge, test their knowledge and perform 
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BPM correctly. In this COVID-19 pandemic, such a virtual course on BPM would be an 

effective strategy for education.  

Even after graduate-level education, knowledge gaps persist and therefore, continuing 

professional education, preferably with certification, is needed to refresh knowledge. Regular 

certification in BPM should be considered to improve knowledge and practice (Padwal et al., 

2019). Certification programmes should be simple, brief, multilingual, inexpensive, easily 

repeatable and widely accessible (Padwal et al., 2019). Continued professionals education 

activities consisting of workshops, conferences, seminars, lectures, and educational sessions 

have demonstrated efficacy in changing professional practice, physicians' behaviour, and health 

outcome (Davis et al., 1999). Professional societies should advocate such certification 

programmes to help advance knowledge (Padwal et al., 2019). 

An example is Hypertension Canada and SQHA that offer continuing education and 

knowledge exchange forums on BPM. It is easily accessible and widely available for all HP. 

Another example is the World Hypertension League, an online certification course on BPM for 

HP (Campbell et al., 2020). In addition, BPM educational resources and virtual courses are made 

available on their website.  

In addition, annual conferences are organized by these hypertension societies that 

provide extensive information concerning BPM and hypertension management. For example, 

our research collaborated with Hypertension Canada and SQHA to offer an incentive consisting 

of a free registration to a 15.5 hour accredited online training course offered by the SQHA and 

a free registration at the Hypertension Canada Congress 2021. This benefited our study 

participants for knowledge advancement and provided an opportunity to be a member of these 

societies. Membership provides easy access to educational materials, eINFO newsletter, 

knowledge forums, annual meeting highlights, guidelines, and position statements. It also allows 

participation in working groups for guidelines formulation and expands their network.  
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Knowledge translation plays an essential role in closing gaps between knowledge to 

practice (Straus, Tetroe, & Graham, 2009). Hypertension Canada guidelines are considered part 

of knowledge translation (Campbell & Chen, 2010; Feldman, Campbell, & Wyard, 2008). They 

are a vital component of providing HP with new, updated and evidence-based clinical practice 

recommendations. HPs can benefit from guidelines to improve their knowledge, perception, and 

practice and change practice behaviours (Schiffrin et al., 2016). The implementation and 

dissemination of guidelines prioritize Hypertension in Canada (Rabi et al., 2020). Many 

strategies are used to reach HP involved in hypertension management. These include knowledge 

translation forums, targeted educational material for primary care providers and patients, slide 

kits and summary documents available online in English and French (Rabi et al., 2020). In 

addition, funding from health agencies could support accredited education programmes (Padwal 

et al., 2019; Schiffrin et al., 2016). Much has already been done for education, and if these 

strategies are implemented well, we would perhaps fill the knowledge and practice gaps. 

Practice  

Consistent with our research findings, we note that improvements are still needed in the 

area of practice. Standardization and rigorous methods for BPM are essential to ensure the 

accuracy of BPM (Campbell et al., 2019; Padwal et al., 2019; Rabi et al., 2020). Hypertension 

Canada guidelines aspire to standardize these practices and annually publish evidence-based 

guidelines to improve treatment and control of hypertension by HP (Campbell & Chen, 2010; 

Rabi et al., 2020). 

With significant advances in BPM, we are moving faster towards digital innovations 

consisting of automation and telemonitoring. The manual method should be retained, and semi-

automated (oscillometric) or fully automated (AOBP) BP devices should be incorporated into 

practice as recommended by guidelines (Campbell et al., 2014; Parati et al., 2017; Rabi et al., 

2020; Schiffrin et al., 2016). Automated devices will allow HP  to have shorter training and 

focus on other essential aspects of BPM, including patient education (Campbell et al., 2014). 

Additionally, HBPM and ABPM should be encouraged and incorporated by HP. To incorporate 
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ambulatory methods, particularly ABPM, the financial and organizational barriers must be 

removed first. Government, health agencies, scientific communities, and BP device 

manufacturers could ensure widespread availability of affordable BPM devices, facilitate 

workplace infrastructure, and provide reimbursement to physicians (Campbell et al., 2014; 

Kaczorowski et al., 2017; Padwal et al., 2019; Schiffrin et al., 2016; Veiga et al., 2016).  

HBPM is also evolving. In particular, when combined with modern telecommunications 

tools, HBPM could become an ideal tool for personalized hypertension management (Omboni 

& Ferrari, 2015; Parati et al., 2017; Wood et al., 2017). HBPM with telemonitoring will help 

send recorded home BP values to an HP and get feedback assistance from their HP (Campbell 

et al., 2019; Omboni & Ferrari, 2015; Wood et al., 2017). This will further help optimize 

treatment, improve patient compliance, and reduce therapeutic inertia (Campbell et al., 2019; 

Omboni & Ferrari, 2015; Omboni, Panzeri, & Campolo, 2020). Several home BP telemonitoring 

systems have been demonstrated to be feasible, solve home BP reporting problems, improve 

patient compliance and physician-patient interaction, and promote BP control (McManus et al., 

2010; Omboni, Gazzola, Carabelli, & Parati, 2013; Omboni et al., 2020; Parati et al., 2017). 

Home BP telemonitoring is performed by teletransmitting HBPM in real-time to a secure health 

portal, then summarizing the readings for provider use (Wood et al., 2017). Measurements can 

be teletransmitted to electronic health records (EHR) and electronic medical records (EMR), 

which ensure proper documentation, facilitate billing and allow the provider to review BPM 

before visits (Wood et al., 2017). It also allows follow-up visits to be conducted virtually rather 

than in person (Wood et al., 2017). This has become a key and potential solution during the 

current era of the COVID-19 pandemic (Alexander et al., 2020; Feldman, Padwal, & Tobe, 

2021; Padwal & Wood, 2021). Home BP telemonitoring could encourage patients to self-

monitor BP in patients' natural environment and enable self-management (Albrecht et al., 2018; 

McManus, Mant, et al., 2014). Nearly 50% of Canadians self-monitor BP at home (Bancej et 

al., 2010). Eventually, with COVID-19, the percentage could increase with more patients self-

monitoring their BP (Feldman et al., 2021; Padwal & Wood, 2021). Although technological 

advancements have made home telemonitoring highly feasible, some financial and 
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infrastructure barriers are challenging (Wood et al., 2017). However, if these barriers are 

overcome, then home BP telemonitoring has a promising future that will allow HP to provide 

patient care quickly and easily, thereby improving hypertension control (Wood et al., 2017).  

New possibilities have opened up with diffusion of communications technology, 

including digital health and mobile health (mHealth), which can disseminate health information 

to patients, provide patient education, send reminders for BPM and medication intake, and 

automatic data reporting (Campbell et al., 2019; Omboni & Ferrari, 2015; Omboni et al., 2020; 

Parati et al., 2017; Schiffrin et al., 2016). The available communication technology includes 

smartphones and tablets with hypertension management-related applications and access to 

wireless communications such as short messaging services (SMS) and the internet. (Albini et 

al., 2016; Bhavnani, Narula, & Sengupta, 2016; Omboni & Ferrari, 2015; Omboni et al., 2020; 

Padwal & Wood, 2021; Parati et al., 2017; Schiffrin et al., 2016). These technological advances 

would reduce HP's time and workload and make it a robust decision-making tool in daily 

hypertension management (Campbell et al., 2019; Omboni & Ferrari, 2015; Parati et al., 2017). 

In addition, better patient engagement would be achieved (Albini et al., 2016; Campbell et al., 

2019). Furthermore, the universal adoption of the EMR system could improve patient care if 

EMRs are linked to patients' medical records and other health information, include guideline-

based prompts and reminders embedded in them for HP and patients, and provide sufficient 

quality data to HP for evaluation (Omboni et al., 2020; Schiffrin et al., 2016).  

Other recognized and effective ways of improving professional practice and health 

outcomes are audits and feedback (Ivers et al., 2012; Sim, Handler, Jacobsen, & Kanter, 2014). 

In the audit and feedback process, the individuals' performance is measured and then compared 

to professional standards. The results of this performance are given as feedback. This process 

encourages individuals to meet professional standards (Ivers et al., 2012; Schiffrin et al., 2016; 

Sim et al., 2014). Additionally, a multidisciplinary team-based approach including physicians, 

nurses, pharmacists, and the patient should be incorporated as it has shown to be an effective 

strategy in BPM and hypertension control (Mills et al., 2018; Sim et al., 2014). Moreover, 
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patient-centred care can be optimized using a multidisciplinary team-based approach in BPM 

(Campbell et al., 2019).  

Research 

BPM is a crucial part of hypertension management. However, it is disappointing to see 

that not many studies have conducted research to identify the knowledge, perception and 

practice of the three HP. Future research should focus on assessing the knowledge, perception 

and practice of physicians, nurses, and pharmacists across primary care settings across Canada 

because education obtained in Quebec is different from the rest of Canada. Additionally, this 

study could be performed in hospital settings across Quebec and Canada using our 

questionnaire. Our questionnaire could be updated, and questions like educational level could 

be included for future research. Furthermore, the research could be conducted among different 

categories of nurses, physicians, and pharmacists such as NPs, nursing aids, clinical nurses, 

residents, junior doctors, hospital pharmacists, and compare those results. Due to the low 

response rate of physicians and pharmacists, we suggest that this study be conducted using 

personalized invitation emails as a recruitment method. Research is also needed to identify the 

best methods of delivering training and continuing education. It would be interesting to know 

the effectiveness of training and continuing education in improving knowledge, perception and 

practice concerning BPM. Again, our BPM questionnaire could be updated and used for this 

purpose. 
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Chapter 8. Conclusion 

BPM is the most fundamental and commonly performed procedure that often is 

overlooked by HPs. We cannot compromise the fact that accurate BPM is a crucial component 

in the diagnosis and management of hypertension. Therefore, HP must demonstrate that they 

have adequate knowledge, perception, and practice for BPM. The objective of our research 

project was first to scope the available literature and gather evidence in order to have a global 

portrait of knowledge, perception and practice of physicians, nurses and pharmacists concerning 

BPM methods and second to assess the knowledge, perception and practice of physicians, nurses 

and pharmacists in Quebec concerning ambulatory and clinic BPM methods. To our knowledge, 

both the scoping review and our study were the first in Canada to draw such a portrait. The 

results of our scoping review demonstrated that there are still unmet needs globally that 

contribute to the burden of hypertension. The results of our study for the three HPs in Quebec 

demonstrated that there is still room for improvement, particularly in areas of knowledge and 

practice concerning the ambulatory and clinic BPM methods. There is limited literature in 

Canada addressing the three concepts, the three HPs and the BPM methods. Importantly, nurses 

and pharmacists remain understudied despite being an integral part of the health care system. 

Therefore, our study highlights the need to include nurses and pharmacists in future research. 

Based on our findings, we have discussed the effective strategies for knowledge and practice in 

the recommendations for education, practice, and research. 

Hypertension Canada guidelines have invested significant efforts in disseminating the 

guidelines to HPs. Many resources are available for knowledge transfer and standardization of 

practices.  In the era of expanding technologies, we must move forward and integrate the 

available resources for BPM supported by the evolution of professional development and 

evidence-based research. We need to enhance interprofessional collaboration and optimize 

patient-centred care. A multidisciplinary team consisting of physicians, specialists, nurses, 

pharmacists, methodologists, and researchers should be part of the guidelines team to design the 
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protocol and discuss practical strategies to improve the accuracy of BPM. These measures will 

help in the management and control of hypertension. At the same time, it is not only the HPs 

but also the government, funding agencies, and manufacturers who play an active role in 

hypertension control. They should consider the barriers at the organizational and HPs level and 

overcome them by increasing resources. With the Covid-19 pandemic, digital health will be the 

new approach in chronic disease management. Our research has contributed to knowledge 

transfer. We anticipate that the results of this thesis will be of greater importance to 

Hypertension Canada guidelines and other hypertension societies. We believe that our research 

will benefit all the HPs working in the clinical, education and research sectors. In addition, future 

clinicians, students, researchers can gain a better insight to excel in their field and provide the 

best possible services to the community. 
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Annexe 1. Protocol for blood pressure measurement 

methods recommended by Hypertension Canada Guidelines 

 

Recommended Technique for Office Blood Pressure Measurement (OBPM) 

1.  Measurements should be taken with a sphygmomanometer known to be accurate. A validated 

electronic device should be used. If not available, a recently calibrated aneroid device can be 

used. Aneroid devices or mercury columns need to be clearly visible at eye level.  

2. Choose a cuff with an appropriate bladder size matched to the size of the arm.  For 

measurements taken by auscultation, bladder width should be close to 40% of arm 

circumference and bladder length should cover 80 – 100% of arm circumference.  When using 

an automated device, select the cuff size as recommended by its manufacturer.    

3.  Place the cuff so that the lower edge is 3 cm above the elbow crease and the bladder is 

centered over the brachial artery. The patient should be resting comfortably for 5 minutes in the 

seated position with back support. The arm should be bare and supported with the BP cuff at 

heart level, as a lower position will result in an erroneously higher SBP and DBP. There should 

be no talking, and patients’ legs should not be crossed. The first reading should be discarded 

and the latter two averaged.  BP should also be assessed after 2 minutes standing (with arm 

supported) and at times when patients report symptoms suggestive of postural hypotension. 

Supine BP measurements may also be helpful in the assessment of elderly and diabetic patients.   

When using automated office oscillometric devices such as the BpTRU (VSM MedTech Ltd, 

Vancouver, Canada), the patient should be seated in a quiet room (no specified period of rest). 

With the device set to take measures at 1- or 2-minute intervals, the first measurement is taken 

by a health professional to verify cuff position and validity of the measurement. The patient is 

left alone after the first measurement while the device automatically takes subsequent readings. 

The BpTRU automatically discards the first measure and averages the next 5 measures.   

For auscultation, at least three measurements should be taken in the same arm with the patient 

in the same position.  The first reading should be discarded and the latter two averaged.  

Steps 4-7 are specific to auscultation. 
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4. Increase the pressure rapidly to 30 mmHg above the level at which the radial pulse is 

extinguished (to exclude the possibility of a systolic auscultatory gap).  

5. Place the bell or diaphragm of the stethoscope gently and steadily over the brachial artery.  

6. Open the control valve so that the rate of deflation of the cuff is approximately 2 mmHg per 

heartbeat. A cuff deflation rate of 2 mmHg per beat is necessary for accurate systolic and 

diastolic estimation.   

7.  Read the systolic level -the first appearance of a clear tapping sound (phase I Korotkoff) and 

the diastolic level- the point at which the sounds disappear (phase V Korotkoff).  If Korotkoff 

sounds persist as the level approaches 0 mmHg, then the point of muffling of the sound is used 

(phase IV) to indicate the diastolic pressure.  Leaving the cuff partially inflated for too long will 

fill the venous system and make the sounds difficult to hear.  To avoid venous congestion, it is 

recommended that at least one minute should elapse between readings.   

8. Record the BP to the closest 2 mmHg on the manometer (or 1 mmHg on electronic devices) 

as well as the arm used and whether the patient was supine, sitting or standing.  Avoid digit 

preference by not rounding up or down.  Record the heart rate.  The seated BP is used to 

determine and monitor treatment decisions. The standing BP is used to examine for postural 

hypotension, if present, which may modify the treatment. 

9. In the case of arrhythmia, additional readings with auscultation may be required to estimate 

the average systolic and diastolic pressure. Isolated extra beats should be ignored. Note the 

rhythm and pulse rate. 

10. BP should be taken in both arms on at least one visit and if one arm has a consistently higher 

pressure, that arm should be subsequently used for BP measurement and interpretation. 

 

Recommended Technique for Automated Office Blood Pressure (AOBP) 

1. Measurements should be taken with a validated sphygmomanometer known to be accurate. 

2. Choose a cuff with an appropriate bladder size matched to the size of the arm. Select the cuff 

size as recommended by its manufacturer.  

3. Place the cuff so that the lower edge is 3 cm above the elbow crease and the bladder is centered 

over the brachial artery. There is no rest period needed before measurement. The arm should be 
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bare and supported with the BP cuff at heart level, as a lower position will result in an 

erroneously higher SBP and DBP. There should be no talking, and patients’ legs should not be 

crossed. 

4. When using automated office oscillometric devices, the patient should be seated in a quiet 

room (no specified period of rest). With the device set to take measures at 1- or 2-minute 

intervals. The first measurement is taken by a health professional to verify cuff position and 

validity of the measurement. The patient is left alone after the first measurement while the device 

automatically takes subsequent readings.  

5. Record the average BP as displayed on the electronic device as well as the arm used and 

whether the patient was supine, sitting or standing. Record the heart rate. 

 

Recommended Technique for Home Blood Pressure Measurement (HBPM) 

1. Measurements should be taken with a validated electronic device. 

2. Choose a cuff with an appropriate bladder size matched to the size of the arm. Bladder width 

should be close to 40% of arm circumference and bladder length should cover 80 – 100% of 

arm circumference.  Select the cuff size as recommended by its manufacturer. 

3. Cuff should be applied to the non-dominant arm unless the SBP difference between arms is 

>10 mmHg, in which case the arm with the highest value obtained should be used. 

4. The patient should be resting comfortably for 5 minutes in the seated position with back 

support. 

5. The arm should be bare and supported with the BP cuff at heart level. 

6. Measurement should be performed before breakfast and 2 hours after dinner, before taking 

medication. 

7. No caffeine or tobacco in the hour and no exercise 30 minutes preceding the measurement. 

8. Duplicate measurement should be done in the morning and in the evening for seven days (i.e., 

28 measurements in total). 

9. Average the results excluding the first day’s readings. 
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Recommended Technique for Ambulatory Blood Pressure Monitoring (ABPM) 

1. The appropriately sized cuff should be applied to the non-dominant arm unless the SBP 

difference between arms is >10 mm Hg, in which case the arm with the highest value obtained 

should be used. 

2. The device should be set to record for a duration of at least 24 hours, with the measurement 

frequency set at 20–30-minute intervals (revised guideline). 

3. A patient-reported diary to define daytime (awake), night-time (sleep), activities, symptoms 

and medication administration is useful for study interpretation. 

4. Daytime and night-time should preferentially be defined using the patient’s diary.  

Alternatively, pre-defined thresholds can be used (e.g. 8 AM to 10 PM for awake and 10 PM 

and 8 AM for night-time).  

5. The ambulatory BP monitoring report should include all of the individual BP readings (both 

numerically and graphically), the percentage of successful readings, the averages for each time 

frame (daytime, night-time, 24 hours) and the “dipping” percentage (the percentage the average 

BP changed from daytime to night-time). 

6. Criteria for a successful ambulatory BP monitoring study are: 

i. At least 70% of the readings are successful AND  

ii. At least 20 daytime readings and 7 night-time readings are successful. 

 

Abbreviations: BP, blood pressure; DBP, diastolic BP; SBP, systolic BP. Unless otherwise 

mentioned, steps apply to measurement by auscultation and oscillometry using an upper arm 

cuff.   
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Annexe 2. Recommendations for blood pressure 

measurement methods by Hypertension Canada Guidelines 
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Annexe 3. Authorisation to reuse figure 2 and portion of 

guidelines and supplemental table S1 
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Authorisation to reuse portion of guidelines 
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Authorisation to reuse supplemental table S1 
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Annexe 4. Methodology - Consent form (English) 
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Annexe 5. Methodology - Consent form (French) 
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Annexe 6. Methodology - Certificate of ethics 
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Annexe 7. Methodology- Acceptance email of société 

québécoise d’hypertension artérielle (SQHA) concerning 

incentives 
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Annexe 8. Methodology - Acceptance email of Hypertension 

Canada concerning incentives 
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Annexe 9. Methodology- Acceptance email from ordre des 

infirmières et infirmiers du Québec (OIIQ) 
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Annexe 10. Acceptance email from fédération des médecins 

omnipraticiens du Québec (FMOQ) 
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Annexe 11. Acceptance email from ordre des pharmaciens 

du Québec (OPQ) 
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Annexe 12. Methodology - Recruitment of physicians 

through newsletter invitation 
 

 

 

 

 

https://infolettre.fmoq.org/t/ViewEmailArchive/y/FCE0596D5BDF2577/C67FD2F38AC4859C/                                

 (Page 5,6) 

 

 

 

 

https://infolettre.fmoq.org/t/ViewEmailArchive/y/FCE0596D5BDF2577/C67FD2F38AC4859C/
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Annexe 13- Methodology- Recruitment of pharmacist 

through newsletter invitation 
 

 

 

 

https://www.opq.org/wp-content/uploads/2020/08/5212_38_fr-CA_0_La_Depeche_20_nov_2019.html 

(Page 3) 

 

https://www.opq.org/wp-content/uploads/2020/08/5212_38_fr-CA_0_La_Depeche_20_nov_2019.html
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Annexe 14. Methodology - Recruitment of nurses thorough 

email invitation 
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Annexe 15. Methodology – Recruitment reminder first and 

second for nurses 
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Annexe 16. Methodology – Recruitment reminder first and 

second for physicians 
 

 

First 

 

 

https://infolettre.fmoq.org/t/ViewEmailArchive/y/374ACED36F29D4C7/C67FD2F38AC4859C/ 

(Page 5) 

 

  

 

https://infolettre.fmoq.org/t/ViewEmailArchive/y/374ACED36F29D4C7/C67FD2F38AC4859C/
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Second 

 

 

 

https://infolettre.fmoq.org/t/ViewEmailArchive/y/FA5F0F238748EA5B/C67FD2F38AC4859C/ 

(Page 5) 

 

 

 

  

 

 

https://infolettre.fmoq.org/t/ViewEmailArchive/y/FA5F0F238748EA5B/C67FD2F38AC4859C/
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Annexe 17. Methodology – Recruitment reminder for 

pharmacists 
 

 

 

 

https://www.opq.org/wp-content/uploads/2020/08/5219_38_fr-CA_0_La_Depeche_02_dec_2019.html 

(Page 4,5) 

 

 

https://www.opq.org/wp-content/uploads/2020/08/5219_38_fr-CA_0_La_Depeche_02_dec_2019.html
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Annexe 18. Methodology - Questionnaire for nurses and 

pharmacists (English) 
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Annexe 19. Methodology - Questionnaire for nurses and 

pharmacists (French) 
 

 

 

 



 
 

 

262 
 
 

 

 

 



 
 

 

263 
 
 

 

 

 



 
 

 

264 
 
 

 

 

 



 
 

 

265 
 
 

 

Annexe 21. Methodology - Questionnaire for physicians 

(English) 
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Annexe 21. Methodology - Questionnaire for physicians 

(French) 
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Special document 

Annexe 22. Reference list of poster presentation for scoping 

review 

 

Todkar, SK, Padwal R, Chauvette S, Cloutier L. (2019, September). A scoping review for 

knowledge, perception and practice of health professionals regarding blood pressure 

measurement methods. Poster Presented at Canadian Hypertension Congress, Edmonton, 

Alberta, Canada. 

Todkar,SK, Padwal R, Cloutier L. “Health professionals and blood pressure measurement: 

scoping review and protocol for knowledge, perception and practice ” Poster Presented at 

UQTR le concours d'affiches scientifiques ; 2019 March 20; UQTR Trois Rivières, Quebec, 

Canada. 

Todkar,SK, Padwal R, Cloutier L. “Health professionals and blood pressure measurement: 

scoping review and protocol for knowledge, perception and practice ” Poster Presented at 28th 

European meeting on hypertension and cardiovascular protection; 2018 Jun 8-11; Barcelona, 

Spain. 

Todkar, SK, Padwal R, Leclerc AM & Cloutier L. “Scoping review of knowledge, perception 

and practices of health professionals in regard to home blood pressure measurement.” Poster 

Presented at: UQTR concours d'affiches scientifiques ; 2018 Mar 21-22; UQTR Trois Rivieres, 

Quebec, Canada. 

Todkar,SK Padwal R, Leclerc AM & Cloutier L. “Scoping review of knowledge, perception 

and practices of health professionals in regard to home blood pressure measurement”. Poster 

Presented at: L’hypertension artérielle et le cerveau, 26e Réunion scientifique annuelle; 2018 

Jan 25-26;Quebec,Canada. 

 Todkar, SK Padwal R, Leclerc AM & Cloutier L. “Scoping review of knowledge, perception 

and practices of health professionals in regard to home blood pressure measurement.” Poster 

Presented at Canadian hypertension Congress; 2017 Oct 12-14; Toronto, Canada. 

Todkar, SK & Cloutier L. “Assessment of knowledge, perception and practices of Canadian 

health care professionals in regard to blood pressure measurement in primary health care 

settings. A review”. Poster Presented at: Le rein et l`hypertension artérielle, 25e Réunion 

Scientifique Annuelle; 2017 Jan19-20;Montreal, Canada. 
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Annexe 23. Posters for scoping review 
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Annexe 24. Reference list of poster presentation for study on 

nurses, physicians, and pharmacists 
 

 

Todkar SK, Padwal R, Cloutier L. (2021, May). “Knowledge, perception, and practice of 

Quebec health professionals for ambulatory and clinic blood pressure measurement methods: 

Preliminary results.” Poster Presented at the 2021 Hypertension Canada Virtual Congress; 2021 

May 13-14; in mode virtual, Canada. 

 

Todkar,SK, Padwal R, Cloutier L. (2021 April).“Blood pressure measurement methods and 

knowledge, perception, practice of nurses: are we there yet?” Poster Presented at the ESH-ISH 

ON-AIR Joint Meeting; 2021 April 11-14; in mode virtual, Canada. 

 

Todkar SK, Padwal R,  Cloutier L. (2021, January). “Québec physicians and the measurement 

of blood pressure; preliminary results of their knowledge, perceptions and practices” Oral 

presentation at the 29e Réunion scientifique annuelle de la SQHA, la thématique maladies 

cardiovasculaires et COVID-19 - De multiples cibles en jeu; 2021 January 22; en mode Virtual, 

Canada. 
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Annexe 25. Posters for study on nurses, physicians, and 

pharmacists 
 

Hypertension Canada congress 2021 
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ESH congress 2021 
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SQHA congress 2021 

 

 

 

 

 

 


