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Summary 

Background. 

 

Both the American Heart Association (AHA) in 2008 and the UK National Institute for 

Health and Care Excellence (NICE) in 2011 suggest the need for further research into 

the management of treatment resistant hypertension (TRH). Apparent TRH is defined, 

by the AHA and European Society of Cardiology (ESC), as high blood pressure in 

patients taking three or more differing groups of anti-hypertensive medications (one of 

which must be a diuretic type medication) or patients who are taking four or more anti-

hypertensive medications regardless of type and blood pressure level. The term apparent 

is used because some of this group will have true resistant hypertension, others 

undiagnosed secondary hypertension and more pseudo-resistant hypertension. A patient 

is pseudo-resistant when other factors, such as non-adherence to medications, 

inadequate drug dosing, lifestyle issues and white coat hypertension (WCH) are 

responsible for the seemingly poor blood pressure control. Before identifying patients 

with true TRH, ambulatory blood pressure measurement (ABPM) must be used to 

exclude WCH. Non-adherence to therapy, drug dosing and diet/lifestyle should also be 

examined. When these major features of pseudo-resistance have not yet been ruled out 

as a potential cause for the ongoing poor blood pressure control, the term apparent 

Treatment Resistant Hypertension (aTRH) must apply.  

 

Papers. 

 

1. Prevalence of treatment-resistant hypertension after considering pseudo-resistance and 

morbidity: a cross-sectional study in Irish primary care. 

BJGP. 2018 Jun; 68(671):e394-e400. doi: 10.3399/bjgp18X696221. Epub 2018 May 8. 

 

2. Prognosis of patients with apparent treatment resistant hypertension-a feasibility study. 

PilotFeasibilityStud.2018Jan30;4:43.doi:10.1186/s40814-018-0232-5.eCollection 2018. 

 

3. Apparent treatment resistant hypertension in primary care: the feasibility and impact of 

urine toxicological analysis combined with ambulatory blood pressure monitoring 

Accepted for publication in BJGP in April 2019. 



 

19 

 

 

Methodological Considerations.  

 

In Paper 1, the authors performed a cross sectional study of the prevalence of aTRH in 

general practice and followed the STROBE guidelines when reporting on this cohort.  

https://www.strobe-statement.org/index.php?id=strobe-home 

 

In Paper 2, the authors completed a feasibility study examining whether prognosis could 

be assessed, on persons with TRH, in general practice. We used a specific reporting guide 

provided by Biomed. 

https://pilotfeasibilitystudies.biomedcentral.com/submission-guidelines 

 

In Paper 3, patients were invited to attend their own general practices for ABPM to rule 

out WCH and to provide a urine sample for toxicological analysis, in order to assess for 

drug adherence. Drug assays were analysed utilizing a similar methodology to that of 

Jung et al. (2013). The NICE guidelines governing the use of ABPM in clinical care were 

applied.  

 

Conclusions.  

 

In a meta-analysis examining the prevalence of non–adherence in aTRH, we estimate up 

to 30% of patients fail to take their prescribed medications (Supplementary Paper 1). 

Controversy still remains regarding a ‘Gold Standard’ for the measurement of adherence. 

Possibly the best way to assess this is to use a combination of both direct (urine/blood 

toxicology, observed therapy) and indirect (questionnaire) methods when trying to 

ascertain estimates. Direct measures usually give much larger estimates for the prevalence 

of non-adherence than indirect, and a combination of both methods gives closest to the 

pooled estimate in the meta-analysis. 

  

Paper 1 shows that the prevalence of aTRH (10%) is not as large as previously described 

(10-30%). When pseudo-resistance is adequately examined, the prevalence of TRH falls 

to 3% of hypertensive patients. The examination of pseudo-resistance may be all that is 

required for managing TRH in the vast majority of cases.  
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In paper 2, the authors found that it is feasible to do a prognosis study on a cohort of 

patients with TRH in general practice. Both the AHA and NICE recommend that further 

research is needed in TRH, especially on prognosis. We plan to follow the TRH cohort 

identified in Paper 1 for 5 years, and then assess prognosis in 2020. Limiting all loss to 

follow-up and the identification of a complete set of core outcomes for prognosis in TRH 

are vital to the success of any future study. 

 

In paper 3, the authors established that non-adherence when assessed via urine 

toxicological analysis suggests that most patients in primary care take their medications 

(74%), and that complete non-adherence to therapy is rare. WCH is also common in 

patients with TRH (28%). This combined approach of using ABPM and urine 

toxicological analysis to test adherence has never previously been performed in general 

practice. Such an approach may well yield savings for healthcare programs in the long 

run through maximizing blood pressure control in high risk populations and improving 

prognosis. Further research on how to incorporate routine urine toxicological analysis 

into individual patient consultations and its associated cost-effectiveness is now 

appropriate.  
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Chapter 1: Introduction 
 

1.1 Study Remit and Context 

1.1.1   Remit of the Study 

High blood pressure causes, or helps to cause, almost two-thirds of all strokes and 

almost half of all heart attacks. Most people with high blood pressure or hypertension 

can be treated by changing what they eat, doing more exercise or taking medications. 

However, among people with high blood pressure are some whose blood pressure 

remains too high despite taking three drugs (one of which is a diuretic) or four 

medications of any hypertensive drug class, and this is labelled as TRH. Some may not 

be taking their drugs correctly each day, or may be taking inadequately prescribed doses 

of these drugs. Others may simply have high blood pressure when they go to see their 

doctor, but it comes back to normal when they go about their daily business. However, 

it is hard to understand how important these three things are for individual patients. 

 

Leading researchers have suggested that between 10% and 30% of treated patients with 

high blood pressure have resistant hypertension. It’s clear that there is a need for further 

research about how common resistant hypertension is, what happens to patients who 

have it, and how to treat them.  

 

My goal with this work is to generate further evidence, and to help answer these 

questions. 

 

1.1.2  Primary care as the setting for the study 

The published work is largely based on data from referral clinics or vast insurance 

databases. This is problematic, as sampling frames are often not based on the general 

population. Twelve percent of all consultations in primary care involve hypertension to 

some degree and close to one billion pounds sterling is spent on anti–hypertensive drugs 

in the UK alone (NICE, 2011). We in Ireland have a well-established Irish College of 

General Practitioners (ICGP), an appropriate training scheme for general practitioners 

(GPs) and a largely computerised primary care workforce. Many GPs are also enrolled 

in academic networks, and thus a route exists, by which practices can be accessed, by 
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invitation, for research purposes. Most patients in Ireland have a GP who acts as a 

gatekeeper to secondary care, and this makes sampling frames generalisable to the 

whole population. Primary care is thus an ideal setting for this study. 

 

1.2 Review of the literature 

 

1.2.1. Methodology 

In order to maximise the quality, scope and appropriateness of the literature review I 

followed a systematic pathway (Library-University of Melbourne, 2017). I commenced 

by reading literature reviews, based upon TRH, from the leading journals (British 

Medical Journal, New-England Journal of Medicine, Hypertension, and Journal of 

Hypertension). Next steps included formulating the key questions I needed to ask in 

order to adequately explore the topic. I also familiarized myself with the key 

terminology used, and spoke widely with persons who have foundations in 

cardiovascular disease research, including my supervisor. 

  

I then searched PubMed, Medline, and the Cochrane database by using key words, 

subject headings and specific authors. The keywords used were initially confined to 

TRH and pseudo-resistance and their epidemiological basis, but were later widened to 

include topics such as TRH and various co-morbidities, secondary hypertension and the 

management of TRH. In conjunction with database searching, I attended the British 

Society of Hypertension (BSH) and European Society of Hypertension (ESH) annual 

meetings. Here I sought out discussions and presented work on TRH. I was also an ESH 

Summer School Fellow in 2016, sponsored by the Irish Heart Foundation, and debated 

topics with many of the leading European Hypertension Researchers. Some searching 

outside of the typical biomedical databases (e.g. PsycINFO, Embase, Web of Science), 

was required for reviewing the topics of medication non-adherence and quality of life in 

TRH. All national and international guidelines from the various reputable sources were 

examined (European and British Societies of Hypertension, American Heart 

Association-AHA, ICGP and Royal College of GPs [RCGP]. There was a systematic 

approach used for grading all articles reviewed and only publications involving meta-

analysis of high quality RCTs, high quality lone RCTs or well powered cohort studies 

were included (Burns, Rohrich, & Chung, 2011). Critical analysis of all papers was key 
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in deciding which articles to include (du Prel, Rohrig, & Blettner, 2009). Assessments 

were made on the quality of included papers using the CONSORT (Schulz, Altman, & 

Moher, 2010) and STROBE guidelines (von Elm et al., 2007), for randomised 

controlled trials and observational studies respectively, but the authors was focused on 

eliminating papers with bias in the first instance. The Irish Collage of GP’s endorse the 

use of the ESH/ESC guidelines on the management of arterial hypertension in adults 

(Williams et al., 2018a). I deemed it pragmatic to include many of the key research 

papers that inform these guidelines in the literature review where possible. I also chose 

to include articles that had the largest impact on, or are most relevant to the clinical care 

of patients with hypertension. 

 

Full texts were largely available through the university’s electronic library. A minimum 

were purchased and downloaded. Non peer reviewed journals were not considered. I 

started with the most recent articles available and worked backwards. All references 

were stored and managed in Endnote X8.  

 

Eventually a point of saturation was reached when most articles cited by new articles 

had been read or examined. I ensured keeping up to date by following the leading 

hypertension based journals on social media and following alerts to new publications on 

TRH in PubMed (United States National Library of Medicine).  

 

1.2.2 Hypertension Overview  

Hypertension has responsibility for increased cardio-vascular morbidity and mortality 

and this has been shown across many observational studies. Its prevalence amongst the 

total adult population is estimated to be 31-38% (Danon-Hersch et al., 2009; Mills et al., 

2016). Elevated office based blood pressure (BP) readings increase the incidence of 

cardiovascular disease (CVD), end stage renal failure (ESRF), and death (Britton, 

Gaziano, & Djousse, 2009; Kalaitzidis & Bakris, 2010; Lewington, Clarke, Qizilbash, 

Peto, & Collins, 2002). Ambulatory Blood Pressure Monitoring (ABPM) highly 

correlates to these outcomes (Dolan et al., 2005; Myers, 2011; Staessen et al., 1999) and 

Home Blood Pressure Monitoring (HBPM) also (Shimbo, Abdalla, Falzon, Townsend, 

& Muntner, 2016). This is shown across all age and ethnic groups (D. W. Brown, Giles, 

& Greenlund, 2007; Lawes et al., 2003), but some clear variation between populations 
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exists (Mancia et al., 2013). Small improvements in BP control even to the levels of 2 

mm Hg in systolic BP can have dramatic reductions in the CVD illness burden across 

the community (Stamler, Stamler, & Neaton, 1993). 

 

1.2.3 Epidemiology of Hypertension 

Data from the prospective Framingham cohort study clearly shows the effects 

hypertension has on increasing incidences of coronary artery disease (CAD), 

cerebrovascular accidents (CVA), peripheral artery disease (PAD) and heart failure with 

a reduced ejection fraction (HF-REF), (Peeters, Mamun, Willekens, & Bonneux, 2002). 

Hypertension is also the main cause risk factor for cardiovascular death (Ezzati et al., 

2005; Lawes, Vander Hoorn, & Rodgers, 2008).  

 

Globally 1.4 billion people had hypertension in 2010 with a higher prevalence in low-

middle income countries (31.5%), versus (28.5%) in higher income countries. Two 

thirds of those with hypertension live in low-middle income countries and herein lies 

the workload for the future. The prevalence of hypertension in high income countries is 

reducing, as awareness of, and treatment for hypertension is improving. In low to 

middle income countries, current prevalence projections show expected increases of 8% 

per annum.  

 

In Ireland, data extrapolated from TILDA (The Irish Longitudinal Study on Ageing, 

5887 participants in a prospective cohort) suggests that the prevalence of hypertension 

among the over fifty adult group in Ireland may be 64% (Murphy et al., 2016). This was 

based on manual BP readings in the participant’s home, and includes those with 

possible WCH who are potentially up to one third of those with elevated home/office 

based manual readings (de la Sierra et al., 2011). Alarmingly, the authors report that 

only 45% of those with elevated manual BP readings were aware of this fact, and 41% 

of those with hypertension were being treated with medication. Of the treated cohort 

only half were controlled to target BP (<140/90 mm Hg). Those who do not receive free 

primary care (middle and high income earners) fare worse in the Irish health system, as 

they oftentimes remain undiagnosed with hypertension. It is suspected that having to 

pay fees per visit is an issue (Murphy et al., 2015). It has been estimated that BP 
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increases per year between the ages of 30-70 years by 0.4-0.8 mm Hg per annum in 

males and 0.6-1.2 mm Hg in females (Lawes et al., 2006). It is suggested that stroke 

mortality is a reasonable estimator of total systolic blood pressure (SBP) control across 

a population (Cooper, 2007).   

 

1.2.4 Hypertension and targets for reductions in blood pressure 

In Europe, currently a reading greater than 140 mm Hg in SBP or greater than 90 mm 

Hg in diastolic blood pressure (DBP) is deemed the buffer between high-normal BP and 

hypertension. Hypertension is then further divided into grades (1-3), grade 3 being the 

most severe (Mancia et al., 2013). SBP however is a better indicator of this causal 

relationship -between increasing hypertension and increasing CVD risk, when a person 

is greater than 50 years old (Franklin et al., 1997; Vishram et al., 2012). In the elderly a 

high pulse pressure (PP), which is the gap between systolic and  diastolic BP, may also 

have clear prognostic value for increasing CVD risk, as does having isolated elevated 

systolic hypertension (ISH) (Benetos et al., 1997; Kannel et al., 1981). Recent AHA-

2017 guidelines (Whelton et al., 2018) have moved the buffer between high-normal BP 

and hypertension for everyone from 140/90 mm Hg to 130/80 mm Hg. This has not 

been accepted widely in Europe as evidence to support this change is scant and based 

largely on a singular disputed nine trial meta-analysis(Reboussin et al., 2018).  

 

Hypertension however, rarely exists in isolation. The increased CVD risk associated 

(Whelton et al., 2018) with hypertension is amplified by the number of accompanying 

risk factors a particular person has (e.g. smoking, diabetes, hypercholesterolemia, strong 

family history of CVD, increased body mass index (BMI), hyperuricemia etc.). 

Metabolic disease, which is a combination of obesity, lipid dysfunction and diabetes, is 

more common amongst those who also have hypertension (Kannel, 2000; F. Thomas et 

al., 2001). Patients should be viewed and treated for CVD risk in its entirety and 

hypertension should not be viewed as a separate entity (Mancia et al., 2013). It is 

suggested the relationship (lower BP correlating with lower CVD risks) possibly 

extends for BP readings as low as 115 mm Hg SBP and 75 mm Hg DBP (Lewington et 

al., 2002; MacMahon et al., 1990), but this is hotly debated. Whether a J-shaped curve 

(which signifies a re-emergence of increasing CV deaths at lower BP levels), exists or 



 

26 

 

 

not, is a contentious issue. It is clear however, that some subgroups, such as those being 

treated to prevent further CVAs, benefit more from greater BP lowering, as a secondary 

prevention measure, than others (Banach & Aronow, 2012; Mancia et al., 2013). 

 

The existence of a J-shaped curve was questioned in the recently published SPRINT 

trial (Wright et al., 2015), which examined, via RCT ,intensive versus standard BP 

control (N=9361), in one hundred varying clinical sites. Few participants however were 

diabetic or had any previous CVA history. All participants had some CVD risk factors 

or established CVD (eGFR < 60 mls / min, Framingham CVD Risk Score > 15% over 

10 years, or age > 75 years). The aim in this RCT was to reduce SBP to less than 120 

mm Hg. The results at first glance seem startling-there was a 25% reduction in CVD 

events, and a 27% reduction in all cause deaths, which was never seen previously in any 

BP lowering trial. The study however was problematic. Firstly, it was an un-blinded 

trial (was more attention paid to medication and care pathways in the treatment arm as 

there were more electrolyte disturbances in the treatment arm, and more heart failure in 

the control arm, suggesting variable diuresis).  

 

Secondly, BP was measured using a style which had never previously been performed 

in any other comparative trial. The BP measure was taken solely by the patient 

themselves, with an automated oscillometric BP machine, in a quiet room (Kjeldsen, 

Lund-Johansen, Nilsson, & Mancia, 2016). Thirdly, and most bizarrely there was no 

improvement in CVA morbidity or mortality seen with the aggressive treatment arm. 

This improvement in CVA morbidity and mortality has been borne out in many trials 

and thus SPRINT is at odds to nearly every other trial in this aspect. Ten percent of 

participants were also lost to follow-up. Some commentators dispute the SPRINT 

findings and look for a trial to corroborate the results, whilst others find it interesting 

and suggest the demise of the J-shaped curve idea. A further point is that despite much 

pressure to do so, the authors have not released data saying how much of the population 

were older than 80 years.  

 

Of note, 50 years ago Prof. Per Lund-Johansen showed in 35 Swedish hypertensive 

patients that resting undisturbed with continously recorded intra-arterial  BP in one arm, 
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BP increased by 9/6 mm Hg when the doctor approached with a conventional mercury 

sphygomanmometer to measure BP on the contralateral arm. This may account for some 

of the differences seen in SPRINT and the way BP was measured in this trial (Lund-

Johansen, 1967). In a simplistic way, perhaps the ‘SPRINT’ 125 mm Hg is in fact a 

regular manual BP reading of 134mm Hg? 

 

The strongest contravening argument, in my view, to SPRINT comes from a 

comprehensive meta-analysis in 2014 (Thomopoulos, Parati, & Zanchetti, 2014), by 

world-leading hypertension experts Thomopoulos, Parati, and Zanchetti, of all BP 

lowering RCTs. This analysis showed that only patients with a previous stroke benefit 

from reductions in BP < 130/80mm Hg. They also go on to state that for every 1000 

patients in whom treatment is aggressively pushed below 130/80 mm Hg, 16 benefit but 

harm is caused for 22. They state that, however, this risk may be acceptable. A 

weakness of this is that it clearly involves the post hoc analysis of many RCTs, but the 

approach to the meta-analysis is systematic and the PRISMA (Preferred -Reporting 

Items of Systematic Reviews and Meta-Analyses) guidelines were applied. 

 

In those with CAD (Coronary Artery Disease), current recommendations do not support 

lowering BP < 140/90 (Mancia et al., 2013). In CAD, organ hypo-perfusion can be a 

deleterious consequence of aggressive BP lowering and can exacerbate disease (Yusuf 

et al., 2008). This has been confirmed in many RCTs, INVEST (Pepine et al., 2003), 

ON-TARGET (Redon et al., 2012) TNT (Bangalore et al., 2010) and SYST-EUR 

(Staessen et al., 1997).  

 

The elderly are at risk of falling as a consequence of orthostatic hypotension if BP is 

aggressively lowered (Tsika, Poulimenos, Boudoulas, & Manolis, 2014). Current ESH 

guidelines recommend for persons over 80 years, a target SBP of between 140-150 mm 

Hg. For those under 80 years, the pursuit of targets for SBP which are < 120 mm Hg, 

should be reserved only for those with a high risk of hypertensive-target organ damage 

(TOD) and clearly able to tolerate such treatment (ESH, 2016). There are some contrary 

views. The SPRINT trial (discussed previously) (Wright et al., 2015) where 25% of the 

cohort were greater than 75 years old, suggests that benefits may also exist for the 
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elderly, in lowering SBP to less than 120 mm Hg. Furthermore there is also the 

CARDIO-SIS trial (Italian Study on The Cardiovascular effects of Systolic Blood 

Pressure Control), where the target BP was < 130 mm Hg SBP in a sub-group of elderly 

patients (Verdecchia et al., 2009), and a post hoc look at the INVEST trial (The 

International Verapamil-Trandolapril Study), where one third of patients were > 70 

years old (Pepine et al., 2003). These all suggest the elderly possibly can also benefit 

from more aggressive SBP lowering.  

 

Nine previous trials in the elderly, prior to HYVET (Hypertension in the Very Elderly 

Trial) in 2008, showed clear benefit in reducing SBP < 160 mm Hg, but none of these 

questioned specifically whether lower targets (120,130,140 150 mm Hg etc.) were of 

benefit to elderly patients. These, however, were all ‘treatment trials’ as opposed to 

‘treat to target trials’ in their methodology (Mancia et al., 2007). 

 

Weaker evidence comes from the modern ‘treat to target trials’- JATOS (Japanese Trial 

to Assess Optimal Systolic Blood Pressure in Elderly Hypertensive Patients) (Group, 

2008) and VALISH (Valsartan in Elderly Isolated Systolic Hypertension (Ogihara et al., 

2010). These suggest that reducing BP in the elderly to levels < 150mm Hg SBP offers 

CVD prevention benefits; however both VALISH and JATOS were underpowered and 

contained far too many ‘well’ elderly, and are often excluded from meta-analysis.  

 

There is a need for an RCT designed specifically to examine whether lower BP 

thresholds (less than SBP 120 mm Hg), benefit the elderly. As poorer outcomes could 

be experienced by some, ethical approval, in this instance, could be difficult to achieve. 

With an increased prevalence of co-morbidities in the elderly, there will also be multiple 

confounders affecting results, especially if your ‘typical multi-morbid’ elderly patient is 

included. If they are excluded, how can one generalize the findings? 

 

Target BPs for those with Diabetes Mellitus (DM) and Chronic Kidney Disease (CKD) 

are typically lower in national guidelines, often less than 130 mm Hg SBP/80 mm Hg 

DBP, but this figure was removed from the 2013 ESC/ESH guidelines due to a lack of 

evidence to support this stance (Cushman et al., 2010; Laffin & Bakris, 2015; Mancia et 
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al., 2013). More recently, a compromise target BP figure for diabetes, of  < 140mm Hg 

SBP/80 mm Hg DBP was suggested to be appropriate (Perk J, Benlian P, Hobbs  R, & 

Syvanne M, 2012). Other evidence, however, suggests a level of BP below 140 mm Hg 

SBP/90 mm Hg DBP supports a significant drop in CV risk for these groups, and that 

the pursuit of levels less than this is without merit and may in fact be dangerous 

(Cushman et al., 2010).  

 

Increased BP has a major role in the development of proteinuria in patients with either 

diabetic or nondiabetic kidney disease. Patients with proteinuria have an increased CVD 

risk (Samuelsson et al., 1985). Guidelines recommend a blood pressure goal of <130/80 

mm Hg in patients with proteinuria to achieve maximal renal and cardiovascular 

protection. RAS activating drugs should be used as first-line in patients with 

proteinuria, because they also seem to have a ‘blood pressure-independent’ anti-

proteinuric effect, which improves prognosis (de Jong, Heeg, Apperloo, & de Zeeuw, 

1992).  

 

In summary, perhaps the best management plan is to reduce BP in those younger than 

80 years to less than 140mm Hg systolic and 90mm Hg diastolic, including those with 

DM or with CKD or established CVD. This action clearly reduces risk and improves 

outcomes. Certain groups may have added benefits from additional BP lowering, such 

as those who have had a previous CVA or those who show evidence of target organ 

damage or proteinuria. Setting BP targets for all to < 120 mm Hg, as per the AHA-2017 

guidelines (Whelton et al., 2018) in order to reduce the burden of CVD for all is in my 

view premature. Additional benefits from lower targets (< 130 mm Hg SBP /80 mm Hg 

DBP) for those with CKD or DM have also not been proven. The target BP, in many 

national guidelines, is < 150 mm Hg SBP, in the elderly (greater than 80 years), as 

evidence shows clear benefits by reducing SBP to here. Whether additional benefits 

exist from further lowering of BP is unclear and a detailed randomized controlled trial is 

needed. 
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ESH 2018-Guidelines of the management of arterial hypertension  

As this thesis was going to print in September 2018, the ESH released its new 

guidelines for the management of arterial hypertension in adults (Williams et al., 

2018b).The definition of hypertension did not change for those ˂ 80 years and remains 

at ≥140/90 mm Hg for office-based manual readings and ≥ 130/80 mm Hg for ABPM. 

The AHA differ, and in 2017 made the decision to reduce the threshold for hypertension 

to ≥130/80 mm Hg (Whelton et al., 2018). A comparison of the differences between 

both sets of current guidelines (ESH/ESC and AHA) can be found in Table A. 

 

Table A: Comparison between the current ESH/ESC and AHA classifications for the 

grade of arterial hypertension, based on office BP, in adults less than 80 years.  

 

 

Abbreviations: ESH/ESC=European Society Hypertension/Cardiology, AHA=American Heart 

Association, BP= Blood Pressure, SBP=Systolic Blood Pressure, DBP= Diastolic Blood Pressure. Green 

= OK, Yellow= Observe but maybe treat, Amber = Treat, Red = Serious. 

 

The key differences between the ESH/ESC guidelines between 2013 and 2018 are 

illustrated in Table B. 

 

 ESH/ESC 

2018 

(mmHg) 

   AHA  

2017 

(mmHg) 

 

 

Category 

of BP  

 

SBP DBP ~ Category of 

BP 

SBP DBP 

Optimal 

 

< 120 <80 ~ Normal < 120 <80 

Normal 

 

120-129 80-84 ~ Elevated BP 120-129 <80 

High-

normal 

 

130-139 85-89 ~ Stage 1 130-139 80-89 

Grade 1 

 

140-159 90-99 ~ Stage 2 ≥140 ≥90 

Grade 2 

 

160-179 100-109 ~ Hypertensive 

Crisis 

≥180 ≥120 

Grade 3 

 

≥ 180 ≥110 ~    
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Table B. Comparison of the main changes in the ESH Guidelines, between 2013 and 

2018, for the management of arterial hypertension in adults, with regard to diagnosis, 

treatment thresholds, BP targets, and the initial use of combination drugs. 

 

Issue ESH/ESC 

recommendations  

2013 

~ Issue ESH/ESC 

Recommendations 2018 

 

Diagnosis 

 

By office BP  
~  

Diagnosis 

 

By office BP but 

ABPM/HBPM if feasible 

 

 

Treatment 

Thresholds 

 

 

-High-normal BP : No 

treatment 

 

-Grade 1 HPT: <65 years 

Class 2a evidence to start 

therapy after lifestyle 

improvement attempt. 

 

-Grade 1 HPT: 65-80 

Years 

Class 2b evidence to start 

treatment in those 

between. 

~  

Treatment 

Thresholds 

 

-High-normal BP: Yes if 

CVD, especially CAD. 

 

-Grade 1 HPT: <65 years 

Class 1 evidence to start 

therapy after lifestyle 

improvement attempt. 

 

-Grade 1 HPT: 65-80 

Years 

Class 1 evidence to start 

treatment if tolerated. 

 

-If >80 years – start 

treatment in fit, older 

patients whose SBP > 160. 

Class 1 evidence. 

 

 

Target for 

BP 

 

-If < 65 years  

<140mmHg 

 

 

 

 

-If 65-80 years 

<150 mmHg 

 

 

 

-If > 80 years 

<150 mmHg when initial 

BP is > 160 mmHg 

~  

Target for 

BP 

 

-If < 65 years 

Initially <140/90 mmHg 

but if tolerated aim for < 

130/80 mmHg but not < 

120 mmHg. 

 

-If 65-80 years 

<140 mmHg but not <130 

mmHg 

 

 

-If > 80 years 

<140 mmHg but not <130 

mmHg, if tolerated. 
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Diastolic 

BP target 

  

< 90mmHg for all and < 

85mmHg in those with 

DM 

 

~  

Diastolic 

BP target 

 

  

<80mmHg in all patients 

 

Initiation 

of 

treatment 

 

Class 2 evidence for 

starting a 2 drug regime 

except in those with high 

CVD risk and high initial 

BP. 

~  

Initiation 

of 

treatment 

 

Class 1 evidence for 

starting a 2 drug regime in 

all except the frail elderly, 

initial BP < 150mmHg, 

low CVD risk or Grade 1 

HPT. 

 
 

Abbreviations: ESH/ESC=European Society Hypertension/Cardiology, ABPM/ HBPM= Ambulatory or 

home blood pressure monitoring, BP= Blood Pressure, HPT=hypertension, DM=diabetes mellitus, 

CVD=cardio-vascular disease 

 

The AHA argue that this decision to lower the threshold of hypertension to ≥130/80 mm 

Hg was based on a meta-analysis of nine trials (Reboussin et al., 2018). The ESH do not 

agree and say the evidence to support this conclusion is inadequate(Williams et al., 

2018b). The ESH do however suggest that when CVD risk is very high, especially in 

persons with CAD, it may be appropriate to start anti-hypertensive treatment in persons 

with ‘high normal BP’ (130-139 / 85-89 mm Hg (Williams et al., 2018b). In a recent 

editorial in the American Family Physician Journal, the Academy of Family Physicians 

(AAFP) have not endorsed the AHA guidelines of 2017(LeFevre, 2018).  

 

In the newly published ESH guidelines, BP targets are lower than have been previously 

described. It is now appropriate to reduce BP in the first instance to less than 140/90 

mm Hg in all patients, even for those over 80 years. If this is tolerated, a goal may then 

be, to try and maintain BP between 120-129 mm Hg SBP for those who are less than 65 

years old. There is little evidence to suggest that reducing blood pressure to less than 

120 mm Hg SBP benefits patients, and this may in fact be harmful. This finding is also 

at odds to the AHA who suggest that lowering BP to less than 120 mm Hg is a goal 

(Whelton et al., 2018). According to the ESH, those over 65 years should have their 

blood pressure maintained between 130-139 mm Hg SBP. 
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The ESH have also made a number of other interesting changes in their newly published 

guidelines. The stand-out recommendation is that patients who are diagnosed with 

hypertension should now be started on a dual-agent single pill combination (SPC) at 

initial stages, as opposed to the previous single agent. Patients with an initial SBP < 150 

mm Hg and the frail-elderly are exempt from this guideline (Williams et al., 2018b). 

The greatest evidence for this change comes from the fact that in in nearly every RCT, 

patients require a minimum of two agents to control BP (Mensah & Bakris, 2010). 

Single pill combination drugs are also well tolerated by patients (Volpe, de la Sierra, 

Kreutz, Laurent, & Manolis, 2014). The idea is that persons who are started on a SPC 

initially, will control their BP in a more expedient fashion. It is hoped that this action 

will improve the burden of BP across the entire community and improve prognosis. 

There are dangers that persons who have a significant drug side–effect (e.g. orthostatic 

hypotension) from a SPC, may then become fearful of further therapy. 

 

Another change of note is that persons who have grade one hypertension (140-159/90-

99 mmHg) with low to moderate risk of CVD should now be started on treatment at an 

earlier stage. This group previously received lifestyle advice and the introduction of 

medication was on a more conservative basis.  

 

Finally, a DBP target of less than 80 mm Hg is now accepted for all patients and all co-

morbidities, but reducing blood pressure to less than 90 mm Hg DBP should be the 

target in the first instance(Williams B., 2018). 

 

 

1.2.5 Target Organ Damage in Hypertension 

There are seven measures of sub-clinical target organ damage mentioned in the ESH 

2013 guidelines on Arterial Hypertension (Mancia et al., 2013). Five of these are easily 

achievable in primary care: 1) Pulse pressure in the elderly > 60mm Hg (Franklin, 

Khan, Wong, Larson, & Levy, 1999), 2) ABI < 0.9, 3) eGFR < 60 mls/ min, 4) LVH 

seen on ECG and 5) ACR (proteinuria measure).Carotid Intimal Media Thickness (C-

IMT) and Carotid-Femoral Pulse Wave Velocity (PWV) are not easily achievable in 

primary care. C-IMT via ultrasound can be of use particularly in the elderly where 
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stroke risk is higher. PWV is a surrogate measure of arterial stiffening and measures 

arterial impulse velocity, and is easy to do with the appropriate equipment. Rates > 12 

m/s confer higher risk. Questions remain still about its reliability and applicability.  

 

Pulse pressure which is probably the simplest way to assess pre-clinical organ damage 

has been shown in many trials to be a reasonable marker for higher CVD risk. 

Participants from the international REACH (Reduction of Atherothrombosis for 

Continued Health) registry, a moderate, high-risk group (n = 45,087) were analysed for 

possible associations between higher PP and CVD-TOD risk. There were more men 

than women in the trial, but even when adjusted for confounders, the larger the pulse 

pressure, the greater the risk (Selvaraj et al., 2016). The mean BP was 138 (SD19)/ 79 

(SD11) mm Hg, and a mean PP of 49 (SD16) mm Hg was observed. On univariate 

analysis, increasing PP quartile was associated with worse outcomes (p < 0.05 for all 

comparisons). After adjusting for sex, age, smoking status, history of 

hypercholesterolemia, diabetes, aspirin use, statin use, BP medication use, and mean 

arterial pressure, PP quartile was still associated with all outcomes except CVA and all 

cardiovascular death (p < 0.05 for all comparisons). 

 

An eGFR should also be assessed in all newly identified hypertensive patients (Mancia 

et al., 2013). A combination of both a raised urine albumin-creatinine ratio and an 

eGFR< 60 mls/min/1.73M2 is much more capable of predicting a higher risk of CVD 

than either element alone. (Foster et al., 2007).  

 

There are also other potential markers of TOD, not included in the ESH determination. 

Assessment for retinopathy should in my view, be included, and this data is readily 

available through the national retinal screening programs. Brain imaging confirming the 

presence of white matter lesions (WMLs) has also a high probability of indicating 

hypertensive TOD, but it is not confirmatory, and thus often excluded. 

 

It has been shown that use of these TOD measures can improve risk factor stratification 

according to the ESH-SCORE guidelines (Sehestedt et al., 2010). A SCORE level of < 

5 % CVD risk with no evidence of TOD gives a hazard ratio of one compared with a 
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SCORE level > 5% and evidence of TOD, giving a hazard ratio of 17. This evidence is 

extrapolated from a well-run trial cohort of 1968 participants who had no documented 

previous DM or CVD and were untreated as such. The end point was CVD death 

(Sehestedt et al., 2010). The importance of CVD risk stratification was stressed once 

again in the newly published guidelines on the management of arterial hypertension by 

the ESH in 2018(Williams et al., 2018b). 

 

Being cognizant of the recent ESH drive to try and categorize all hypertensive patients 

as being either high risk or low risk based on the combination of their percentage score 

risk and evidence of TOD, it is our goal to record all patients with a PP > 60 m Hg 

and/or an eGFR < 60 mls/min/1.73M2 as having evidence of target organ damage. This 

information should be available in patient’s files and will serve as useful in categorizing 

patients now and for future work. 

 

1.2.6 Hypertension and co-morbidity 

 

1.2.6.1 Cardiac Failure 

Hypertension causes cardiac failure initially through LVH (a compensation mechanism) 

which eventually gives way to apoptosis/remodelling and ventricular dilatation and then 

finally heart failure-reduced ejection fraction (HF-REF). Heart failure-preserved 

ejection fraction (HF-PEF) is poorly understood and also associated with hypertension. 

The treatment of HF-REF (EF< 40%) is effective diuresis/RAAS drug use/and the 

maximisation of the BB dose. A similar medication load is often taken for HF–PEF (EF 

> 40%) but this is without a solid evidence base (McMurray & Pfeffer, 2005). ARBs 

seem better than ACE inhibitors in reducing LV mass and LVH through myocyte 

remodelling mechanisms (Barrios, Escobar, & Montero, 2005). There is a degree of 

apoptosis involved in the development of LV dysfunction and this occurs when 

compensatory mechanisms (heart rate, vasoconstriction, and hypertrophy) fail. This 

leads to the classic heart failure issues of increased ventricular and atrial pressures, 

reduced CO, renal hypo-perfusion, sodium and water retention, circulatory and 

pulmonary congestion. Systolic dysfunction (HF-REF) is caused by the ventricle not 

being able to relax enough to receive enough oxygenated blood from the pulmonary 
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circuit, this in turn leads to increased afterload and PVR. Diastolic dysfunction (HF-

PEF) also leads to increased pulmonary vascular congestion (Kemp & Conte, 2012). 

The recent PARADIGM trial (McMurray et al., 2014), comparing LCZ696 the Novel 

Neprolysin Inhibitor, combined with Valsarten versus Enalapril alone (N=8442), 

finished early and showed great improvements in CCF morbidity, mortality and 

hospitalisation rates for patients in the treatment arm. Limitations of the trial include 

limited representation of important subgroups, such as those with black skin colour, 

those with implantable pacemakers, and lack of data regarding those with NYHA heart 

failure stages other than II or III. This novel drug has been tested in TRH populations 

(Ruilope et al., 2010) over eight weeks (N=1380) and the results seem promising with a 

clear effect in reducing BP. It also seems also to have an acceptable side effect profile 

especially with regard to angioedema. It may well have a role in treating TRH 

populations into the future. 

 

1.2.6.2 Diabetes  

Diabetes and hypertension are frequently linked. Many patients with diabetes are 

hypertensive, and a BP that is well-controlled improves morbidity/mortality in this 

patient group (Adler et al., 2000). We also know that ‘masked hypertension’ is also 

much more common amongst diabetics. This is oftentimes nocturnal hypertension with 

the classical non-dipping pattern on ABPM (Rossen et al., 2014). The targets for BP are 

currently < 140/85mm Hg (Mancia et al., 2013) but many guideline producing groups 

place it still at < 130/80mm Hg, which was the acceptable target for many years until a 

recent analysis of the evidence suggested that there was none. The benefit of BP 

reduction to < 140/90mm Hg and a concurrent fall in CVD risk, exists for all 

hypertensives including those with DM. In a recent PRISMA complaint meta-analysis, 

risk reduction occurs to a level of 140 mm HG SBP but not below (Brunstrom & 

Carlberg, 2016). 

Two recent trials are also worth examining with regard to hypertension and diabetes. In 

the LEADER trial (Marso et al., 2016), a high risk cohort of T2DM patients (n=9,343) 

underwent randomisation to either Liraglutide or placebo. The Liraglutide group 

showed significant reductions in all cause death, hospitalisations and CVD death. The 

primary outcome (cardiovascular death) occurred in fewer patients in the Liraglutide 
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group 608/4668 patients (13.0%) versus 694/4672 patients (14.9%) in the placebo 

group. Multivariate analysis showed that for the treatment group, the hazard ratio (95% 

C.I) was 0.87 (0.78-0.97) for CVD death. We await the results of the SUSTAIN-6 trial 

(the once weekly GLP-1 agonist). The BP reductions with GLP-1 drugs are minimal 

and its exact mechanism of CVD protection is not fully understood. This is the third of 

the newer T2DM drugs to show this reduction in CVD mortality/morbidity, the other 

two include (Empagliflozin in ‘EMPA REG’ and Pioglitazone in ‘IRIS’). Pioglitazone 

however can cause CCF/Oedema and is often not deemed suitable to use in TRH 

cohorts.  

 

In the EMPA-REG trial (Zinman et al., 2015), Empagliflozin showed an average 

reduction of SBP of 4/5 mm Hg per patients and a remarkable reduction of 33% in the 

risk of death from CVD, in the treatment group. This will likely have future significance 

in the treatment of hypertension among diabetics (n =7,020). The effect of CVD 

protection is presumed diuresis and BP reduction, but a reduction of CVA mortality did 

not occur (as usually does in pure anti-hypertensive trials), so further work is needed to 

corroborate this. Concerns remain about the fracture potential of this drug especially in 

the elderly, its impact in chronic renal failure and the potential disastrous 

cerebrovascular outcomes of a raised haematocrit (average 6 %). 

 

 

1.2.6.3 Chronic Kidney Disease  

Chronic Kidney Disease (CKD) and hypertension have a complex relationship. In CKD, 

fluid overload and salt retention, reduced renal mass, increased RAS/SNS activation and 

impaired vasodilation all contribute to hypertension. Those with CKD also initially 

develop nocturnal hypertension with a non-dipping pattern on ABPM (Fukuda et al., 

2008; Fukuda et al., 2004) and thus hypertension can remain masked for long periods of 

time, especially when out of hours readings are not taken. TRH and CKD have a 

complex reciprocal cause and effect relationship. If you have CKD, you are much more 

likely to have TRH, most likely as a consequence of ‘a renal failure to remove dietary 

salt and volume overload’. Similarly if you have TRH, you are much more likely to 

develop CKD as a consequence of your uncontrolled hypertension (Bakris et al., 2000). 
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There are debates that lower manual thresholds of 130/80 mm Hg for all with CKD 

should apply. The evidence to support this is lacking (James et al., 2014), although 

many guidelines still endorse this lower view (NICE/ESH). The prevalence of CKD in 

those who have RH is twice as high as those who do not (Gijon-Conde, Graciani, & 

Banegas, 2014). In research, CKD stages 3–5 and more importantly patients with two 

separate estimated glomerular filtration rate below 60 mL/min per 1·73 m², and not on 

dialysis, are deemed to have CKD (NICE). In the Chronic Renal Insufficiency Cohort 

(CRIC) (Thomas et al., 2016), with 3,367 participants comparing CKD with and 

without TRH, there was a higher risk of CVD clinical events in the CKD-TRH group. 

This was a composite outcome of myocardial infarction (MI), stroke (CVA), peripheral 

arterial disease (PAD), and congestive heart failure (CCF). The fully adjusted hazard 

ratio for all common confounders in those having TRH gave a hazard ratio of (95% 

C.I.)=1.48-(1.28-1.72) for this composite outcome (Thomas et al., 2016). 

 

Secondary causes of hypertension should still be evaluated in all CKD patients, 

especially Renal Artery Stenosis (RAS) even if the cause for the TRH is deemed to be 

CKD and volume overload. RAS is five times more common in TRH/CKD patients 

than TRH /Non CKD patients (Rossignol et al., 2015). Admittedly, Primary 

Aldosteronism (PA), Phaeochromocytoma, and Cushing’s Syndrome are harder to 

diagnose in the CKD populations (Rossignol et al., 2015). When treating hypertension 

in those with CKD, renin-angiotensin system drugs are the first line as they seem to 

have various different reno-protective mechanisms (including reduction of proteinuria) 

along with their inherent BP lowering potential, but potassium levels need to be 

monitored regularly (Lewis et al., 2001). It has also been proven (longitudinal follow up 

study of circa 30,000 patients over five years) that efforts to lower hypertension and 

reduce the burden of CVD disease, benefits patients with CKD over renal replacement 

therapies (Keith, Nichols, Gullion, Brown, & Smith, 2004). 

 

It should be noted that CKD is of course an umbrella term and can incorporate many 

different pathologies. CKD in most instances is multifactorial (e.g. inappropriate drug 

use, aging, diabetes, and hypertension and atherosclerotic renal artery disease). Whether 

all CKD is included as a secondary cause of hypertension is hotly debated and opinions 
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vary. The traditional viewpoint is that only those with specific parenchymal or vascular 

disease are deemed to have renal causes of secondary hypertension i.e. 

glomerulonephritis or renal artery stenosis. 

 

In summary, the three key co-morbidities seen in the TRH are CCF, DM, and CKD. 

Patients should always be viewed in the context of total cardiovascular risk and not 

based on blood pressure alone. This is the context that will underlie any papers we 

produce on TRH. Co-morbidity in TRH also elicits more considerations than total CV 

risk alone, as evidence shows, the more tablets you have to take, the less adherent you 

are likely to be (Gupta et al., 2017).  

 

1.2.7 Secondary Hypertension 

Secondary causes for hypertension need to be evaluated in circumstances of 

uncontrolled TRH but also where previously controlled hypertension escalates acutely. 

This evaluation typically occurs in secondary care. Renal physicians are typically 

skilled in manging primary, secondary, resistant or refectory hypertension, but those 

from a stroke, endocrinology or cardiology background may also contribute to patient 

care. Hypertension in the young is also a concern, which is typically seen in those less 

than 30 years, where glomerular disease and Coarctation of the Aorta are common 

diagnoses. In 1981, in a classic early epidemiological study, 5% of patients with 

hypertension had a secondary cause identified (Danielson & Dammstrom, 1981). 

Recent estimates put the prevalence of secondary hypertension among those with 

hypertension at 10% (Puar et al., 2016). PA (Primary Aldosteronism) is perhaps more 

prevalent than previously thought, as 11% of those referred to a tertiary hypertension 

centre from primary care (126/1125 patients) in the PAPY Study, had PA (Rossi et al., 

2006). Notably, half of these had a unilateral adenoma and were amenable for surgical 

treatment.  

 

The common syndromes evaluated as part of a standard adult work up for secondary 

hypertension include: 

  

a. PA: 1.4-10% of hypertensive patients 
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b. Renal parenchymal disease: 1.6-8% of hypertensive patients  

c. Reno-vascular disease: 1-8% of hypertensive patients  

d. Pheochromocytoma: 0.2-0.5% of hypertensive patients  

e. Obstructive Sleep Apnoea (OSA): 5-15% of hypertensive patients  

f. Cushing’s syndrome: 0.5% of hypertensive patients  

g. Thyroid disease: 1-2% of hypertensive patients  

h. Coarctation of the Aorta: <1% of hypertensive patients  

 

The prevalence of the secondary hypertension condition amongst general hypertensive 

persons is underlined (Rimoldi, Scherrer, & Messerli, 2014). 

 

1.2.7.1 Primary Aldosteronism 

This condition has a high prevalence and is potentially underdiagnosed. In the PAPY 

study of 2006, a cohort of 1125 consecutive patients with hypertension were evaluated 

for Primary Aldosteronism (PA) in a secondary care clinic. Of the 126 that had PA 

(circa 10% of the group), 54 had APA (Aldosterone Producing Adenoma-unilateral) and 

72 had IHA (Idiopathic Hyperaldosteronism-bilateral) (Rossi et al., 2006). Rates of 

APA were predicted by the absence or presence of Adrenal Vein Sampling (AVS) at 

particular centres of excellence, highlighting its importance (Rossi et al., 2006). ). In a 

further prevalence study, PA accounts for up to 14-23% of secondary care patients with 

TRH (Acelajado & Calhoun, 2011). 

 

From a prognostic point of view, with PA you are four times more likely to have a 

CVA, six times more likely to have an MI, and 12 times more likely to develop Atrial 

Fibrillation than hypertensive matched controls (Milliez et al., 2005). A 70% cure rate 

exists for those APA patients treated surgically (Wu et al., 2016). All patients are 

classically treated with mineralocorticoid receptor antagonists and this improves both 

their BPs and CVD outcomes (Rossi et al.). Prior to screening for PA, you must stop the 

ingestions of beta blockers, RAAS drugs and diuretics for two-four weeks and typically 

replace these with alpha blockers and a long acting CCB (non –DHP ideally) where 

suitable (Funder et al., 2016). Patients who have unstable CVD should be referred 

immediately for AVS/CT scanning for obvious reasons, rather than stopping 
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medications. The classical screening test used is the ARR (Aldosterone Renin Ratio). If 

the ARR is grossly elevated (>50ng/dL) or serum potassium/renin levels are clearly 

very low, most centres go straight to CT scan and AVS. The screening cut off for ARR 

is >15 ng/dL (Funder et al., 2016). Performing an ARR screening test (the so called 

‘dirty screen’), when patients remain on medications like RAS drugs , beta blockers , 

and DHP- CCB’s is unhelpful, as values between 15-49 ng/dL are commonly found, 

and this elevated result leads to further unnecessary testing in many cases. Formally, 

serum ARR screening is not without controversy either, as the test is neither sensitive 

nor specific, especially when levels are moderately elevated only (15-49 ng/dL) (Jansen 

et al., 2014). 

 

AVS is performed to prove lateralization of a unilateral adenoma and therefore surgical 

excision options can be examined. CT scanning alone will label 25% of patients 

incorrectly as amenable to surgery and conversely 22% will also be inadvertently 

excluded as candidates for operative intervention, when it may offer a cure (Young et 

al., 2004). If the ARR is moderately elevated (15-49 ng/dL) a confirmation test is often 

used, to diagnose PA, of which there are many (Saline Infusion Test-SIT, Captopril 

Challenge Test-CCT, Frusemide Upright Tests-FUT or the Fludrocortisone Suppression 

Test -FST The true prevalence of PA in the general population remains unknown.  

 

It could be argued from the available evidence that the 60% of patients with PA have 

IHA in any case and up to one third of those treated surgically still require aldosterone 

blockade (they likely have an adenoma and IHA concurrently or unknown) (Wu et al., 

2016). The diagnosis and management of PA is still a controversial topic and various 

national guidelines differ (i.e. surgery first or medication first and surgery only for those 

who remain uncontrolled). There is evidence however that those who get surgery, even 

if they require ongoing mineralocorticoid receptor blockade, have a lower mortality than 

those who do not (Miyake et al., 2014). 
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1.2.7.2 Renal Parenchymal Disease 

Renal parenchymal disease is an umbrella term for a wide variety of glomerular and 

interstitial renal diseases and hypertension may accelerate the decline in renal function 

if inadequately controlled. It is typically diagnosed by a combination of factors. Initially 

biochemical tests show an elevated serum creatinine or the patient presents with acute 

or ‘acute on chronic’ renal failure. Hematuria or/and proteinuria can also be identified 

via urinalysis, and the level of proteinuria can be quantified. Combining these features 

with clinical signs of nephrotic or nephritic syndrome and/or hypertension, along with 

an appropriate history, leads the physician to suspect a diagnosis in many cases 

(Gaitonde, Cook, & Rivera, 2017). Further biochemical and serological tests can 

confirm the diagnosis of the individual parenchymal disease involved (Beck et al., 

2013). Typical panels of the common immunological and serological tests used to aid in 

the diagnosis of renal parenchymal disease are easily accessible (Ostermann & 

Joannidis, 2016). A renal biopsy can also aid diagnosis in some cases but is not 

routinely required. A biopsy is especially relevant when the diagnosis is unclear or two 

potential diagnoses with separate treatment pathways are indistinguishable.  

 

Radiology can also help greatly in the diagnosis of renal parenchymal disease. 

Ultrasound can distinguish between chronic irreversible disease (small bilateral kidneys, 

typically both less than nine cms) and reversible disease (normal sized kidneys). There 

is one anomaly: the failing diabetic kidney, which is often pathologically large 

(Rigalleau et al., 2010). One normal sized kidney and an unexpected atrophic kidney on 

ultrasound often suggest reno-vascular disease (Snyder & Pendergraph, 2005). 

Ultrasound can also determine post void residual bladder levels and reassure treating 

clinicians about the role obstructive uropthy may be playing. Prostatic hypertrophy and 

neurogenic bladder are the commonest causes of obstructive uropathy in older adults 

(Tseng & Stoller, 2009). Primary care physicians should be particularly aware of a 

palpable bladder in older men with a history of lower urinary tract symptoms (NICE, 

CG-182,2014). 

 

Renal Parenchymal disease is a common cause of secondary hypertension, and fluid 

overload and salt retention, reduced renal mass, increased RAS/SNS activation and 
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impaired vasodilation all contribute to this. The speed of renal decline and the need for 

renal replacement therapies is linked clearly to hypertensive control. The use of statin 

drugs to lower cholesterol levels and stabilize vascular endothelium may also help. 

Appropriate immunosuppression or treatment of a causative disease may also arrest 

progression to end stage renal failure in some cases (Beck et al., 2013). Full remission 

with immunosuppression is sometimes possible (minimal change disease). 

 

1.2.7.3 Renovascular Disease 

1-15% of patients with hypertension have renovascular disease (RVD). RVD consists of 

both large, middle sized and small arterial disease as well as venous drainage issues. 

RVD however, mainly concerns the large arteries and atherosclerotic stenosis. 

Atherosclerotic Renovascular Disease (ARVD) is the cause of 90% of all RVD, with 

Fibromuscular Dysplasia (FMD) being the other 10%. Tayakasu Arteritis, Aortic 

Dissection and Renal Venous Drainage issues are much rarer causes. FMD is more 

common in younger females, and blockages are often more distal in the artery than 

those found with atherosclerosis (Dworkin & Cooper, 2009). ARVD is generally 

considered when stenosis is >60% although functional assessment by hemodynamic 

criteria is also advisable. ARVD has a significant impact on prognosis for patients with 

hypertension. Patients quadruple their risk of CAD, CCF, and PVD and there are twice 

as many deaths in a cohort with AVRD compared to those without. These figures are 

based upon newly incident AVRD data from the US Medicare Database (n=1,084 

AVRD, n=963 Control) and based on four year follow-up (Chrysochou & Kalra, 2009).  

 

RVD is a strong predictor of mortality (Conlon, Little, Pieper, & Mark, 2001). AVRD is 

found in up to 8% of those over 65 years (Hansen et al., 2002). A massive distinction 

should be made between hypertension associated with ARVD and hypertension caused 

by ARVD-induced activation of the RAS system. Most patients with AVRD do not 

have a form of hypertension that is improved by angioplasty, and to expose patients to 

the inconvenience of this procedure seems a waste of time. Medical therapy with anti-

hypertensives and statins remain the cornerstone of management and this was 

conclusively shown in the ASTRAL trial with 800 participants equally split to the 

angioplasty/medical treatment groups- and no significant difference was seen between 
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the intervention an control groups. (Bavishi, de Leeuw, & Messerli, 2016; Wheatley et 

al., 2009). This trial changed clinical practice as angioplasty was becoming a common 

procedure for RVD prior to this. The rationale for extensive screening for renal artery 

stenosis may be undermined by the negative outcome data from this RCT.  

 

Duplex sonography with doppler blood flow measurement is the commonest standard 

used to assess/screen for RVD non-invasively. CT/MRI are also useful imaging tools, 

but contrast angiography is the gold standard. Revascularization of FMD lesions should 

be recommended only in cases of hypertension and/or signs of renal impairment; the 

advice here differs to that for AVRD (Persu et al., 2014). There is a slight role for 

revascularisation for those with AVRD who develop acute pulmonary oedema or kidney 

injury from an acute atherosclerotic event (Odudu, Vassallo, & Kalra, 2015).  

 

In primary care, suspicion of AVRD must occur if a patients has TRH or if the addition 

of a RAS drug causes an acute elevation of serum creatinine, most especially in those 

with known PVD or if ultrasound shows a unilateral unexpected atrophic kidney, or > 

1.5 cms discrepancy between kidneys (Lao, Parasher, Cho, & Yeghiazarians, 2011). 

 

1.2.7.4 Pheochromcytoma 

Paraganglioma is a category of tumours arising from neuroendocrine cells that migrate 

from the neural crest at the origins of embryonic development and gather in the 

proximity of parasympathetic and sympathetic ganglia, where they form the so-called 

paraganglia. In a terminology update, the term ‘pheochromocytoma’ should be kept 

specifically for those paragangliomas which originate from catecholamine-producing 

chromaffin cells located in the adrenal medulla and/or characterized by the production 

of catecholamines, which is the direct or indirect cause of most of the clinical 

symptoms. The disease seems rare with prevalence figures of 0.2 cases/100, 000 

hypertensive patients in Denmark, Sweden and Spain. They are largely adrenal but can 

be extra adrenal also (primarily the abdomen or thorax). It is said that 4% of CT scans 

pick adrenal incidentalomas up, but only 4% of these are pheochromocytoma. The 

classic triad of headaches, palpitations and sweating is found in only 40% of cases and 

in 30% of patients arterial hypertension can be mild outside of ‘crisis’. In screening, 
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measurement of either plasma or urinary levels of free metanephrines (o-methylated 

metabolites of catecholamines) attain a very high diagnostic sensitivity. Tests need to be 

sensitive as false negatives can be catastrophic. Drugs which interfere with screening 

may affect the results and should be withdrawn. These are primarily beta blockers, 

TCAs and paracetamol. These drugs can also trigger a hypertensive crisis along with 

steroids, amiodarone, CCBs, opiates, dopamine/histamine block (any type) or neuro 

muscular junction blockers used peri-operatively. Provocative tests (e.g. glucagon IV) 

or the clonidine suppression test are not supported by evidence for use. A positive 

screening test with either raised plasma or urinary metanephrines should lead to 

CT/MRI scanning and if needed radio iodine MIBG/PET testing for localization. There 

are many confounders and co-morbidities that can account for symptoms and only a few 

incidentalomas are problematic. When the diagnosis of pheochromocytoma is made, 

surgery should be performed, unless co-morbid circumstances prevent this. In any case, 

medical treatment with dual adrenergic antagonism, should be started immediately to 

block the deleterious effects of increased circulating catecholamines and to restore 

plasma volume (impaired by chronic vasoconstriction). Alpha blockade must be started 

first and only then can beta blockade (Beta -1 selective) take place to avoid hypertensive 

crisis due to loss of Beta-2-mediated vasodilation. These should be started a minimum 

of two weeks pre-operatively. Preparation should include a high-sodium diet and a good 

fluid intake to prevent postoperative low blood pressure. CCB are further added if 

needed to control BP. Surgery can be complex and catecholamine release can be 

challenging. 5-10% of these tumours are malignant. Post-operative genetic testing 

should be performed on all biopsies/persons as the links to various genetic syndromes 

are many (n=15). Lifelong follow-up for regrowth or malignant transformation is 

warranted (Lenders et al., 2014). 

 

1.2.7.5 Obstructive Sleep Apnea (OSA) 

Frequently the role of OSA is not evaluated in aTRH patients and downplays the critical 

role it plays in TRH (Logan et al., 2001). Neurogenic, hormonal, and vascular 

mechanisms elicited by recurrent OSA may cause cardiovascular issues such as 

increased peripheral resistance, heart rate increase, sodium and water retention, arterial 

inflammation, and arterial stiffness. It is also suggested that fluid retained in the legs 
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during the daytime shifts to the neck during recumbent sleep and exacerbates OSA 

further. Aldosterone levels are linked to OSA and therefore so is TRH. Adequate drug 

therapy for hypertension improves OSA and diuretics are particularly useful (Floras, 

2015).  

 

The prevalence of OSA amongst an unselected primary care matched hypertensive and 

non-hypertensive population in Sweden (n =102) was 20% versus 8%. The patients 

were matched for neck circumference, physical inactivity and age, to limit bias 

(Sjostrom et al., 2002). In a Canadian study examining the prevalence of OSA in a TRH 

cohort, a prevalence of 83%, in 24 men and 17 women, was reported. This study defined 

OSA as an Apnea-Hypopnea Index (AHI) > 10 obstructive events per hour of sleep. 

Clinically, an AHI index of less than 15 is considered a mild variant of OSA (AHI 15-

30 = moderate sleep apnea and AHI > 30 =severe sleep apnea). Including those with 

such a mild form of OSA in a study is a weakness and the study was also performed 

with unmatched controls, and is probably not generalizable (Logan et al., 2001).   

 

Most specialists who manage OSA however point out that OSA is not OSA syndrome 

and not all OSA necessitates treatment with CPAP. Lifestyle interventions such as 

weight loss, reduction of alcohol and cessation of smoking are often successful in 

mild/moderate OSA. Overall the effects of CPAP on BP levels have been shown to be 

variable, but sub-groups of patients with severe OSA may benefit more than others 

(Feldstein, 2016). In a Spanish RCT (n=194), where participants received CPAP for 

three months or not, CPAP was shown to have a small effect on reducing BP in those 

with a TRH and OSA syndrome. These patients had a mean AHI of greater than 15 per 

hour, and a BMI of 34 kg/M2.. Reductions in BP close to 3mm Hg in both systolic and 

diastolic BP daytime mean, were shown on ABPM. There was also an improvement in 

the percentage of nocturnal dipping in the cohort (Martinez-Garcia et al., 2013). Overall 

the results from this study are interesting, especially as it has been shown that even 

small reductions in BP can have large reductions in CVD events in populations (Stamler 

et al., 1993).  

 
In summary, secondary hypertension is not common and its true prevalence in the 

general population is unknown. It is estimated to be 10% (Puar et al., 2016), and is more 
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prevalent than earlier studies (1970s and 80s) suggested (0.5-0.8%) (Berglund, 

Andersson, & Wilhelmsen, 1976; Sigurdsson, Bengtsson, Tibblin, & Wojciechowski, 

1983).  

 

Evidence directly from primary care is lacking as most studies involving PA (the 

commonest cause of secondary hypertension) are based upon selected cohorts from 

hypertension referral centres where the estimated prevalences would be higher. Smaller 

studies, based mainly around ARR screening in primary care, suggest a prevalence of 

4% for PA (Hannemann & Wallaschofski, 2012; Schmiemann, Gebhardt, Hummers-

Pradier, & Egidi, 2012). It should be noted that the prevalence of an elevated ARR can 

be four times larger than the true PA prevalence (Hannemann & Wallaschofski, 2012).  

 

Chronic kidney disease is common, and present in 30% of those with TRH (Hayes et 

al., 2017) and in 13.4 % of the general population globally (Hill et al., 2016). CKD, but 

more specifically, renal parenchymal disease is the second largest cause of secondary 

hypertension. Reno-vascular disease occurs in 6.8% of healthy patients who are over 65 

years (Hansen et al., 2002), and this is largely a silent disease but can be problematic for 

some, especially for those with bilateral disease and an occluded artery, as this group 

can progress more quickly to end stage renal failure (McLaughlin, Jardine, & Moss, 

2000). 

 

Pheochromocytoma is rare. OSA is more common in those with TRH, and when 

successfully treated, can improve BP, but we await studies confirming decreased CVD 

risk. 

 

Patients with apparent TRH should primarily be evaluated for pseudo-resistance. 

Testing for secondary hypertension requires a complex diagnostic and interpretive skill-

set and is expensive to perform. It usually requires input from secondary care 

physicians. It should be retained for those who do not respond to improved dosing, 

adherence or lifestyle measures, or those who are deemed by their treating doctors to 

have clinical evidence of secondary hypertension or target organ damage, or remain at a 

heightened risk of TOD.  
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1.2.8 Treatment of Hypertension 

Basic treatment for hypertension involves RAS agents as first line for those who are 

white and younger and have higher renin/angiotensin levels. CCB or diuretic drugs are 

prescribed for those who are ‘volume overloaded ‘and/or of African origin who have a 

low renin levels , (NICE,2011). In the Hypertension Optimal Treatment (HOT) study 

(Hansson et al., 1998), treating nearly 19,000 patients aged 50-80 years old to target BP, 

70% of patients required more than one drug to achieve a target BP of less than 140/90 

mm Hg and 24% required three drugs. Modern management of hypertension uses drugs 

in combination and the three agents used in combination are typically a RAS agent, a 

CCB and a diuretic. Beta blockers have largely fallen out of favour due to concerns over 

the combined diabetogenic potential of beta blockers and thiazide diuretics emanating 

from the LIFE study (Dahlof et al., 2002), where patients on beta blockers and diuretics 

had a 9% risk of new diabetes. A meta-analysis (Carlberg & Lindholm,2004) published 

fourteen year ago by the Lancet suggested atenolol was much weaker than all other first 

line agents at reducing BP and CVA rates and questioned its suitability as a BP 

lowering drug. Beta blockers faded from guidelines shortly afterwards, especially as 

more evidence emerged about the continued success of others drugs. Newer beta 

blockers such as Nebivolol and Carvedilol act differently to typical beta blockers. They 

release more nitric oxide and have more alpha receptor blocking effects than older beta 

blockers but work fully evaluating their role in hypertension is incomplete. The 

strongest sentiment expressed by the ESH guidelines on the management of BP in 2013, 

was that whatever the type of agent used, reduction of BP for individual patients, is the 

main goal in reducing CVD risk (Mancia et al., 2013). 

 

1.2.9 Resistant Hypertension Definitions 

TRH is defined as high BP readings in a group of patients taking three or more differing 

groups of anti-hypertensive medications (one of which must be a diuretic type 

medication) or high/normal/low BP readings in a group of patients who are taking four 

or more anti-hypertensive medications, regardless of the drug-type (Calhoun et al., 

2008; Fagard, 2012; Mancia et al., 2013). The term apparent Treatment Resistant 
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Hypertension (aTRH) is used when researchers analyse medication lists and manual 

BPs only, in a gross head count fashion, oftentimes from vast insurance databases.  

A person identified as having aTRH, but who in fact does not have it, is termed pseudo-

resistant. Pseudo-resistance needs to be addressed before a patient can be diagnosed 

with true Treatment Resistant Hypertension (tTRH). This phenomenon is accounted for 

in the majority of cases by three cardinal factors; one WCH (where a patient has higher 

than expected manual BP readings in clinic, but a normal 24 hour ambulatory BP 

monitoring report (Franklin, Thijs, Hansen, O'Brien, & Staessen, 2013), two-medication 

non-adherence ( Gupta, Patel, Strauch, Lai, Akbarov,Maresova, et al., 2017), and three, 

inadequate dosing with anti-hypertensive drugs (Egan et al., 2013).  

Lifestyle features should also be addressed (smoking, diet, alcohol or over the counter 

medication use), as these can contribute to pseudo-resistance. Secondary hypertension 

be must excluded via medical assessment, before true TRH can be diagnosed (Egan, 

2015).  

 

Manual BP readings > than 140 mm Hg SBP/ 90 mm Hg DBP are currently the 

accepted cut off, above which uncontrolled hypertension is diagnosed, although as 

previously stated many national clinical guidelines prefer readings < 130/80 mm Hg, as 

the target BP, for those with DM/CKD (V, 2008). ABPM when used as a denominator 

for hypertension, should have cut off of > 135/85 mm Hg (daytime average), >130/80 

mm Hg (total 24 hour average) and >120/70 mm Hg (night-time average), above which 

hypertension is diagnosed. The daytime average reading is primarily used for ABPM 

(O'Brien, et al., 2013). With ABPM, these BP cut-offs are universal and no clear case is 

currently made for lower thresholds in those with other co-morbidities (DM/CKD), or 

the elderly yet. A minimum of 14 daytime readings are needed for ABPM validity 

(O'Brien, et al., 2013). 

 

Controlled Treatment Resistant Hypertension (cTRH) is a defined as a patient who 

meets the inclusion criteria as he/she takes four anti-hypertensive agents, but is 

normotensive. This cohort is usually not evaluated for secondary hypertension (Judd & 

Calhoun, 2014).  
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1.2.10 Prevalence of apparent Treatment Resistant Hypertension 

The prevalence of TRH is probably as of yet unknown (Judd & Calhoun, 2014). 

Anyone who meets the AHA/EHS RH criteria for the condition is deemed to have 

aTRH. This group in reality contains six main subsets; those with 1) true-TRH, 2) those 

with undiagnosed/unidentified secondary causes for their hypertension, 3) those who do 

not take their tablets (adherence), 4) those who have WCH, 5) those who are 

inadequately dosed with anti –hypertensive medication and finally 6) those who take 

excess alcohol or dietary salt, and/or smoke and/or have BMI > 30 Kg/M2. Patients can 

have single or multiple memberships in any of these subsets and physicians should 

always also examine for these. 

 

Clearly the ideal prevalence estimate should be calculated with the true TRH figure 

only, but this is expensive and time consuming, as it requires an extensive screening 

process for pseudo-resistance. Largely the figure provided for prevalence estimates, in 

papers, is the aTRH figure-with the exception of a few authors who also examine a 

single aspect of pseudo-resistance (i.e. dosing, white coat hypertension or medication 

adherence). These inflated aTRH estimates may well suit those seeking to advocate for 

more funding for interventional therapeutics (Renal Denervation). This approach of 

using the aTRH figure in papers, can lead to over diagnosis (Carter et al., 2015).  

 

Looking at the published literature, clinical trials and population-based studies have 

shown that aTRH is a common clinical condition. A recent meta-analysis (Achelrod, 

Wenzel, & Frey, 2015) of the prevalence of RH amongst hypertensive populations, gave 

prevalence results of 13.72% for 20 observational cohorts and 16.32% for 4 RCTs, 

ASCOT (Gupta et al., 2011), ALLHAT(Cushman et al., 2002), INVEST (Pepine et al., 

2003),VALUE (Julius et al., 2003). It should be noted that therapeutic inertia can often 

be reassuringly excluded from the RCT type studies as dose escalation and review is a 

common methodology applied. Although this meta-analysis follows the PRISMA 

guidelines, it was clear though that most studies were unable to definitively examine 

some of the common pseudo-resistance features, such as white coat hypertension, non-

adherence to therapy or suboptimal dosing. Being unable to rule out WCH when the 

ambulatory 24 hour technology is now ubiquitous, seems most unsatisfactory. It should 
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be noted there was a lot of variance in results (I2=99.8%) with a minimum prevalence 

rate of 4.5% in one observational study (Gee et al., 2012) and a high of 25.4% in 

another (Brown, Buddle, & Martin, 2001). Of the 20 observational studies listed, 12 had 

populations <1800 persons and eight of these studies were <1000 persons. The extracted 

prevalence figure provided for the large Daugherty et al. study (2012) within this meta-

analysis (Achelrod et al., 2015) is also incorrect. This paper reports a prevalence figure 

of 15%, with a weight of 5.2% in the meta-analysis. The number of patients on greater 

than three medications is provided as the base population (N=42,474), rather than the 

total hypertensive population (N=205,750). The actual included prevalence should have 

been 1.9%. This would have made the combined prevalence estimate even lower.  

 

Daugherty analysed two American health care plans and found an incidence of aTRH of 

1.9% over 1.5 years among newly diagnosed hypertensives (n=5,750) (Daugherty, et al., 

2012). This study was novel in its design in assessing incidence, prevalence and 

prognosis amongst the same cohort. The necessity to be able to afford health insurance, 

for inclusion in the study, may underestimate the prevalence figure. They did however 

examine non-adherence, through pharmacy refill data, and found it to be 12.4% of those 

with aTRH. The prevalence calculation, for aTRH was also 1.9%. 

 

An excellent Spanish observational study (n=68,000 hypertensive patients) showed the 

prevalence of aTRH to be 12.2% (de la Sierra et al., 2011). This was a combined 

primary-secondary care project. Data was extracted from the Spanish ABPM Registry 

(n=8295 with TRH) for this paper, and it showed 37.5% of the aTRH cohort had WCH. 

This study really highlighted the need for all patients suspected of TRH to have ABPM.  

 

Egan et al. (Egan et al., 2013) estimate the prevalence of aTRH to be 18%. Data was 

taken from 200 primary care centres (468 877 hypertensive patients). Office based 

manual BPs were used as a parameter for hypertensive control, but WCH and non-

adherence to therapy were not examined. They did, however, find that 50% of those 

with aTRH were on a suboptimal medication dosing regimen. A weakness is that the 

group used a unique self-made guideline to assess for adequate dosing, in that all 
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medications, diuretics apart, needed to be greater than 50% of the expected daily dose. 

The actual formulary used was not provided to readers.  

 

A major European study with 53,000 patients (Kumbhani et al., 2013), enrolled across 

44 countries found the prevalence of aTRH to be 12.4%. This was a prospective four 

year prognostic trial, but it failed to look at either medication dosing, compliance or 

WCH. Lower limits for target BP were applied for patients with diabetes/CKD, as per 

national guidelines at the time (<130/80 mm Hg).  

 

Lower BP limits for inclusion of those with DM/CKD, to the TRH cohort, were used by 

McAdams et al. (McAdam-Marx, Ye, Sung, Brixner, & Kahler, 2009). As a 

consequence of this, the prevalence figure for aTRH was much higher at 21.35%. This 

was uniquely a purely primary care based study with 30,000 hypertensive patients as its 

base population. The main pseudo-resistance factors were similarly unexamined.  

 

The often referenced Persell et al. paper (2011) looked at RH estimates amongst the 

NHANES (National Health and Nutrition Examination Survey-USA) population 2003-

2008 (Total population n=15 968, Hypertensive population, n=5,230), and gave a 

prevalence estimate of 12.8% for aTRH amongst hypertensives. Those who had black 

skin colour, older age, higher BMI, CKD and established CVD were much more likely 

to have aTRH, which correlates to both Egan et al, and De la Sierra et al. In a very 

useful adjunct, this study highlights the overuse of certain weaker thiazide diuretics in 

the aTRH group (Persell, 2011);  Mc Adams-Marx et al. also concurred with this notion 

(McAdam-Marx et al., 2009). 

 

A much lower prevalence estimate for a TRH (6.5%) was found in a recent British 

study which analysed the electronic health records, of 1.3 million users, from the UK 

Clinical Practice Datalink in Primary Care (Sinnott, Smeeth, Williamson, & Douglas, 

2017). This paper illustrated that the incidence and prevalence of TRH was declining 

between 1995 and 2015. Notably, this study also confirms that the prevalence of TRH 

inflates with increasing age. 
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In summary, aTRH occurs in 13-16% of hypertensives patients when examined in 

various studies. It is also fair to say that many of these papers fail to examine for WCH, 

adherence to medication or inadequate dosing. This is unsatisfactory, as it seems 

possible, even in ‘standard clinical practice’ to do so. Lifestyle factors which influence 

TRH are also poorly considered in papers. 

 

1.2.11 Main Elements of Pseudo-resistance 

 

1.2.11.1 Measuring BP 

The measurement of BP is a key issue. Manual BP can be measured in many different 

ways and can be associated with various problems. The mercury sphygmanometer is the 

gold standard, but mercury is a well known carcinogen and these devices are no longer 

mass produced because of this. Even the gold standard, however, has predictable 

reliability issues with observer bias and terminal digit rounding and of course the 

myriad of issues that falsify estimates with cuff size, placement and patient-arm 

positioning problems. The commonly used portable aneroid sphygmanometers have 

similar problems with reliability. In order to maintain the validity of readings with these 

devices, regular calibration is also a requirement. The initial validation of these devices 

also often falls short. The highly regarded oscillometric BP measuring device has well 

known inaccuracies in measuring BP in arrhythmia and some individuals, for causes 

that are not clear. Validation of these devices is also haphazard among the industry 

producers and calibration needs regular attention too. Different machines are also 

needed for various sub-groups such as in pregnancy, DM, children, and the obese. 

Combined manual and automatic/oscillometric are also available but suffer from similar 

issues to those mentioned above, but these may in time be a more accurate way forward 

(Stergiou, Parati, Asmar, & O'Brien, 2012). 

 

A universal protocol for the validation of BP monitors (oscillometric devices) is needed 

and underway through a collaboration between the main international guideline 

producing bodies. A report is expected next year (AAMI-ISO-ESH Collaboration). It is 

accepted the ESH guidelines of 2002 are out of date.  
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Office BP can be used for the diagnosis and screening of hypertension, with two visits 

and two readings per visit (Mancia et al., 2013). The National Institute for Health and 

Clinical Excellence (NICE) prefer ABPM in the diagnosis of hypertension ((NICE), 

2011). The current ESH position suggests out of hours (OOH) readings are needed to 

diagnose hypertension and they suggest either ABPM or home BP monitoring (HBPM) 

as being acceptable. It has been shown that the daily burden of hypertension is often 

over or under expressed by office BP and this is problematic on a number of scores. 

 

HBPM is an option to acquire some OOH’s readings for those without access to ABPM 

or in those who are deemed unsuitable for same. The participant should take BP 

readings for seven days, with duplicate measurements in the mornings and evenings, 

and then discard the first day’s readings, and average the complete list of remaining 

readings in their entirety, and get a single estimate. If the average of the readings is > 

135/85 mm Hg, doctors should treat patients for hypertension or take alternative steps to 

improve control (Parati et al., 2008).  

 

Recently in a research paper published in ‘The Lancet’ in 2018, the Oxford Blood 

Pressure group have shown that reductions up to 4 mm Hg are possible when groups 

who take their own BP measurements at home (self-monitoring), are compared to those 

who just have standard clinic monitoring. This was an unmasked randomised control 

trial (n=390 in three separate groups, self-monitoring with telemedicine support, self-

monitoring alone and ‘usual care’). The paper didn’t specifically look at CVD outcomes 

but examined reductions in BP values over one year, but it was none the less interesting 

(McManus et al., 2018). A meta–analysis had previously claimed that self-monitoring 

alone was ineffective unless linked with co-interventions, such as medication titration, 

education, or lifestyle counselling (Tucker et al., 2017). This 2018 paper suggests that 

self-monitoring alone is ineffective in reducing the BP burden in susceptible patients. 

OOH-HBPM possibly leads to lower BPs, and may be vital for those in whom ABPM is 

not possible or advisable.  

 

ABPM probably provides the best estimate of BP and gives a higher predictive value 

for the diagnosis of hypertension than all others (O'Brien, et al., 2013). It reduces some 
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of the errors, previously discussed with manual readings, but ABPM (which is an 

oscillometric device) struggles to read BP in those with irregular pulses (Atrial 

Fibrillation). Validation and calibration still remain a challenge. The main benefits of 

ABPM are that masked hypertension (Parati et al., 2014) and WCH (Mancia et al., 

1983) are identified and this is clinically beneficial for patients. ABPM readings greater 

than a daytime average of 135/85 mm Hg are a cut-off in defining hypertension 

(O'Brien, et al., 2013). In 24 hour ABPM, nocturnal BP readings correlate best with 

manually taken clinic readings, ESH guidelines 2013 (O'Brien, et al., 2013). A non-

dipper identified through 24 hour ABPM is a person who has an average nocturnal BP 

reading that shows less than a 10 SBP/5 DBP mm Hg fall when compared to the 

daytime average reading (O'Brien). This non-dipping pattern is seen as a contributor to 

excess CVD morbidity (de la Sierra et al., 2014; Pickering, Shimbo, & Haas, 2006). 

ABPM in studies also correlates with target organ damage (Hoshide et al., 2003; 

Mancia & Parati, 2000) and is a better marker for poorer prognosis than manual 

readings (Salles, Cardoso, & Muxfeldt, 2008). Nocturnal hypertension is associated 

with pre-clinical target organ damage (TOD), but non-dipping is a consequence of more 

advanced disease (de la Sierra et al., 2014). Elevated average night-time BP seems the 

main risk factor for CVD events (Night BP > 24hour BP > Daytime BP > Clinic BP ) 

(Staessen et al., 1999). This hypothesis was confirmed by a sub-study of the Syst-

Eur Trial (a well-run, double blinded, multi-centre, placebo study with 808 participants, 

> 60 years, and SBP between 160-219mm Hg, DBP < 95 mmHg, two years mean 

follow up). More importantly than that, the trial confirmed the superiority of ABPM 

over manual readings in assessing CVD risk.  

 

When directly comparing HBPM and ABPM, there are various opinions. A post hoc 

analysis of the records of 502 Finnish patients (Niiranen, Maki, Puukka, Karanko, & 

Jula, 2014). The sampling approach for inclusions was adequate. It was based on an 

initial cohort from the general population register, and another of newly diagnosed 

hypertensives. The follow up period was a mean of 16 years; 14% of the cohort had 

events. This retrospective cohort study showed the superiority of ABPM in assessing 

risk when compared to manual readings and HBPM. However, in nine trials, as part of a 

meta-analysis looking at whether ABPM or HBPM was superior in assessing risk, a 
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conclusion could not be reached (Shimbo et al., 2016). HBPM can detect WCH but may 

not be as accurate as ABPM in doing so (Muxfeldt, Barros, Viegas, Carlos, & Salles, 

2015). HBPM is unable to detect nocturnal hypertension (O'Brien, 2008), but is more 

acceptable to patients (Muxfeldt et al., 2015; Nasothimiou, Karpettas, Dafni, & 

Stergiou, 2014). It could be argued that as nocturnal hypertension is an independent risk 

factor in the assessment of CVD outcomes (Dolan et al., 2005; Kikuya et al., 2005), not 

assessing for it, if you are able to do, so seems unsatisfactory. Put simply, both ABPM 

and HBPM are better at predicting risk and are more successful in the initial diagnosis 

of hypertension than manual readings alone. A comparison of out-of-office-BP-guided 

versus office-BP-guided, treatments, on events risk, in the frame of a longitudinal 

intervention trial, is needed.  

 

1.2.11.2 White Coat Hypertension 

As per the ESH, the prevalence of WCH is somewhere between (15-30%) of those 

identified as hypertensive with manual readings (O'Brien, et al., 2013).  

The European Lacidipine Study on Atherosclerosis (ELSA) trial was one of the earliest 

trials to use ABPM to show hypertensive control. This was a randomized, double-

blind trial in 2334 patients with hypertension that compared the prognostic effects of a 

four year treatment based on either lacidipine or atenolol, to an index of carotid 

atherosclerosis. Office readings and ABPM were measured before treatment, at six 

months (office BP), or 12 month (ABPM) intervals during the four year follow-up 

period. In a sub analysis of this trial, 13% were shown to have WCH (n-251). The 

remainder (n=1670) had sustained hypertension with elevated manual and ABPM 

readings.  

 

De la Sierra et al. in a key publication based on the Spanish Ambulatory Blood Pressure 

Monitoring Registry (N=68,045), identified from an aTRH sub-group (n=10,052), that 

over a third (37.5%) had WCH (de la Sierra et al., 2012). Refreshingly, both primary 

care and secondary care based patients were involved in this study. It was shown that 

those with sustained hypertension (non-WCH) are more likely to be male, have multiple 

medical conditions and have hypertension for a longer duration than their white-coat 

peers. Drug adherence or dosing issues were not examined here, but researchers strictly 
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adhered to the ESH guidelines on ABPM use in research (O'Brien, et al., 2013). These 

state that greater than 70% of the readings taken are valid (a minimum of 20 daytime 

and seven night-time readings), the device is worn for 24 hours and that at least two 

readings are taken per hour (O'Brien, et la., 2013). The NICE guidelines stress that 

ABPM is valid in the management and diagnosis of hypertension if 14 or more OOH 

readings are achievable in daytime hours (NICE, 2011). 

 

WCH may not in itself be an innocent phenomenon as it has been linked with an 

increase of metabolic risk factors in patients who have this and doubles the risk of 

developing hypertension in comparison to non-WCH normotensive patients. This data 

comes from the Pressioni Arteriose Monitorate e Loro Associazioni (PAMELA) Study 

(N=1412), and was based on ABPM and office based data. There were however, only 

two ABPM visits per participant (Sehestedt et al., 2010).  

 

1.2.11.3 Dosing and Inappropriate Drugs 

It could be argued that optimising drug doses in patients with aTRH may not lead to 

improvements for all, as many patients may have tried more suitable doses and had 

medication side effects. The failure to up titrate in these instances may be called 

‘appropriate inaction’. Gil-Guillean et al. however suggest that inertia in primary care, 

amongst physicians, is a major problem. When a cohort of 5077 hypertensive patients 

and 512 physicians were examined , it was deemed that 70 % were not controlled to a 

blood pressure less than 140/90 mm Hg. Forty percent of those who were not controlled 

were not up-titrated either despite elevated manual BP readings-clinical inertia (Gil-

Guillean et al., 2011). Interestingly, 90% of this cohort had a 10 year CVD risk > 10%.  

 

The WHO (Defined Daily Dose) or another suitable formulary can be used as a ‘Gold 

Standard’ for whether an anti-hypertensive drug is adequately dosed or not. Dosing is 

usually provided as a fraction or percentage in papers (i.e. 0.6 –may be 3/5 medications 

were adequately dosed). 

 

In two university cohorts examined in 2005 (n=1281), where 12% of a universities 

health centre attendees had TRH, pseudo-resistance was found in 94%. Interestingly, 



 

58 

 

 

68% of patients responded to medication intensification (Garg, Elliott, Folker, Izhar, & 

Black, 2005), and this study reproduced the findings of a similar study by the same 

group, ten years earlier.  

 

Egan et al. (Egan et al., 2013), whilst trying to ascertain the prevalence of aTRH in a 

hypertensive cohort, tried also to quantify the extent of the dosing problem. They used 

an arbitrary marker for inadequate dosing, which was a ratio based upon the number of 

prescribed drugs at 50% or more of the recommended dose in the local formulary, 

divided by the total number of drugs taken. It is not clear why but they excluded 

diuretics from this analysis. Among 468,877 hypertensives, 147,635 (31.5%) had 

uncontrolled BP; and amongst these uncontrolled hypertensives, 44,684 were prescribed 

three or more BP medications (30.3%), of whom 22,189 (50%) were prescribed optimal 

therapy. Clinical factors independently associated with optimal BP therapy included 

black race (odds ratio, 1.40 [95% confidence interval, 1.32-1.49]), chronic kidney 

disease (1.31 [1.25-1.38]), diabetes mellitus (1.30 [1.24-1.37]), and coronary heart 

disease risk equivalent status (1.29 [1.14-1.46]). These findings suggest that doctors are 

being pragmatic and more often than not prescribe optimal doses when cardiovascular 

risk is deemed the greatest. 

 

It is recommended that all patients with suspected aTRH take a Renin–Angiotensin 

System (RAS) agent, a Calcium Channel Blocker (CCB) and a diuretic. In fact diuretics 

are now probably a third drug-choice after the ACCOMPLISH trial. This trial 

(n=11,506 patients) tested benazepril plus amlodipine or hydrochlorothiazide for 

hypertension in high-risk patients. The trial was stopped after 36 months as it showed 

the combination RAS+CCB was more effective than RAS+ diuretic in improving CVD 

outcomes, with a relative risk reduction of 19.6% (Jamerson et al., 2008).  

 

With regard to specific drug choice, the ongoing use of weaker thiazide drugs, such as 

HCTZ, which is found in many combination drugs, is a problem in TRH. This is 

especially true when more efficacious non-classic thiazide drugs such as chlorthalidone 

and indapamide show greater BP reductions than HCTZ, as evidenced in two 

comprehensive meta-analyses looking specifically at this question (Circelli, Nicolini, 
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Egan, & Cremonesi, 2012; Peterzan, Hardy, Chaturvedi, & Hughes, 2012). 

Chlorthalidone is also superior to HCTZ in cardiovascular risk prevention. In a meta-

analysis looking at nine trials with 50,946 persons, the percentage risk reduction in 

cardio-vascular events for chlorthalidone versus HCTZ was 18% (95% CI, 3-30; P = 

0.024) (Roush, Holford, & Guddati, 2012). The effect of the non-classic thiazide drugs 

in reducing cardiovascular risk is clearly beyond that of diuresis, and is possibly due to 

some unknown vasodilatory effect at the endothelial level (Barrios & Escobar, 2014). 

Thiazide-like drugs also have longer half-lives than the classic thiazide drugs (Barrios & 

Escobar, 2014). Bendroflumethiazide also reduces BP to a greater extent than HCTZ ,  

but is considered a more classic thiazide drug, with a similar structure to HCTZ; 

however no evidence is available comparing bendroflumethiazide with other thiazides 

(Arroll & Wallace, 2017).  

 

The widespread introduction of alpha blockers in place of mineralocorticoid receptor 

antagonists as a fourth line agent is also problematic (Hayes et al., 2017) as the Pathway 

2 treatment crossover trial (described in detail in the treatment of TRH section in this 

literature review) showed the clear superiority of MRAs in reducing BP when compared 

with both alpha and beta-blockers (Williams et al., 2015).  

 

It also suggested that if renin activity is low, those patients (often volume overloaded) 

benefit more from diuresis and CCB prescription as opposed to RAS drugs. A blood test 

showing reduced serum renin levels may help guide practitioners in drug choice, but 

this is not available, as of yet, in routine practice (Egan et al., 2009).  

 

Finally, in his excellent review in 2012 (Fagard, 2012), Robert Fagard, a world 

renowned hypertension expert, urges practitioners not to forget the role other drugs, 

both prescribed and non-prescribed, can have in potentiating BP. Drugs such as non-

steroidal anti-inflammatory drugs (NSAIDs), steroids, oral contraceptives, T Cell 

inhibitors, erythropoietin, and pseudo-ephedrine all increase BP. The effects of cocaine 

and amphetamines are well known in causing BP elevations, but the effect of herbal 

supplements such as (ma-huang or epherdra) or liquorice in doing this, is less well 

researched. 
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1.2.11.4 Lifestyle 

In 1997, in the DASH (Dietary Approaches to Stop Hypertension) trial, 459 persons (of 

whom 133 were non-treated moderate hypertensives) were put into a BP lowering trial 

which looked at a ‘control normal diet’ versus a ‘diet rich in fruit and vegetables’ versus 

a ‘combination diet’ rich in fruit and vegetables and also with reduced saturated fats. It 

showed a 5.5/3.0 mm Hg reduction in BP in the ‘combination diet’ group (p<0.001) 

versus control, a reduction of 2.8/1.1mm Hg in the rich fruit /vegetable diet group 

(p<0.001) versus control, but interestingly amongst hypertensive patients, the drop in 

BP was 11/5 mm Hg (p<0.001). This was confirmed by ABPM. Obviously the 

measurement of adherence to diet is difficult to monitor, and the trial was only eight 

weeks long, but this work suggested overwhelmingly that diet can play a huge role in 

treating mild –moderate hypertension (Appel et al., 1997; Bavikati et al., 2008; Neaton 

et al., 1993).  

 

Neaton et al. in the TOMHS study (Treatment of Mild Hypertension Study), put 902 

patients with mild diastolic hypertension (90 to 100 mm Hg) on a program consisting of 

weight loss, sodium restriction, alcohol reduction, and increased physical activity. 

Patients were then randomly assigned to placebo (n=236) or to one of five different 

antihypertensive drugs (RAS-n=135, CCB-n=131, BB-n=132, Diuretic-n=136, Alpha-

n=136). There were initial improvements in BP in those observing the dietary/lifestyle 

parameters, but these tended to diminish over time. For those concurrently taking 

medication, this was higher (16 mm Hg vs 9 mm Hg-SBP, 12 mm Hg vs 9 mm Hg-

DBP). At four years, 72% of those in the drug taking group and 59% of those in the 

placebo arm were taking monotherapy. Despite the difficulty in maintaining optimal 

compliance, those patients who remained on the lifestyle program had an average 

8.6/8.6 mm Hg fall in BP at four years. This suggests that diet works to reduce BP but 

only if you stick to it over your remaining lifetime (Neaton et al., 1993). 

 

Visceral obesity increases the risk of hypertension (Holecki, Dulawa, & Chudek, 2012) 

and in one study looking primarily at the prevalence of TRH, a multiple regression 

analysis revealed that obesity was clearly associated with TRH also. In 2014, the 

Reasons for Geographic and Racial Differences in Stroke (REGARDS) Study 
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(N=2,043) attempted to assess the association of various healthy lifestyle factors with 

cardiovascular events, all-cause mortality, and cardiovascular mortality among 

individuals with TRH. The greater the number of healthy lifestyle factors per patient 

observed the lower the CVD risk during a mean follow-up of 4.5 years. The six factors 

associated with a healthy lifestyle were 1) normal waist circumference, 2) physical 

activity more than three times per week, 3) non-smoking, 4) moderate alcohol 

consumption, 5) high DASH diet score, and 6) low sodium-to-potassium intake ratio. 

Multivariable-adjusted hazard ratios (HR [95% confidence interval]) for combined 

cardiovascular events comparing individuals with 2, 3, and 4 to 6 factors versus 0 to 1 

healthy lifestyle factors were 0.91 (0.68-1.21), 0.80 (0.57-1.14), sensitivity analysis 

excluding those with incomplete data, and 0.63 (0.41-0.95), excluding those who were 

not on a diuretic, respectively (P=0.020). Overall, physical activity and non-smoking, 

were associated with a lower risk for cardiovascular events and mortality among 

individuals with TRH (Diaz et al., 2014).  

 

Current ESH guidelines include salt restriction to < 5 g/ day. The average estimated salt 

intake is 11 g/day per person in the general population, and whilst debate ensues about 

extremely low levels of salt < 3 g/ day and potential harm, this argument does not apply 

to most people with hypertension. The benefits of moderate salt reduction and lowering 

BP are accepted (Kong, Baqar, Jerums, & Ekinci, 2016). The ESH, taking partly from 

the REGARDS study, also highlight the positive benefits of a DASH/Mediterranean 

diet, 30 minutes of exercise on five or more days per week, BMI < 25 Kg/M2, smoking 

cessation and no more alcohol than half a glass of wine daily (Mancia et al., 2013).  

 

1.2.11.5 Non-Adherence 

Medication non-adherence is a known behavioural contributor to poor BP control and 

this of course puts patients with hypertension at elevated cardiovascular risk. Multiple 

studies support this view (Mazzaglia et al., 2009; Pittman,Tao,Chen, & Stettin, 2010 ; 

Tilea, Petra, Voidazan, Ardeleanu, & Varga, 2018). The ESH in their recently published 

guidelines on the management of arterial hypertension (2018) have highlighted the 

importance of physicians considering adherence when BP is poorly controlled BP 

(Williams et al., 2018). The proportion of aTRH that can be attributed to non-adherence 
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to antihypertensive medications is unclear. Studies of medication adherence for aTRH 

are extremely heterogeneous with respect to design, methods and setting; and as a result 

have produced highly variable adherence estimates (Durand et al., 2017). Two recent 

narrative reviews have reported differing estimates of non-adherence for aTRH (e.g., 

23.0–66.0% (Berra et al., 2016); 7.0–65.5% (Hyman & Pavlik, 2015)); however there 

were only three studies common to both, and a systematic approach to gather evidence 

was not evident. These studies may then be showing an arbitrary selection of the 

available literature. There has been no systematic investigation of the prevalence of 

non-adherence estimates for aTRH, or statistical moderators of these estimates, until 

evidence from this series of work packages was published (Supplementary Paper 1-

Durand et al., 2017).  

 

Measures to quantify non adherence vary in the literature and each method has its own 

research base and qualities. Evidently, questionnaires and interviews measure behaviour 

over longer periods of time than direct measures such as direct observation and drug 

measurement in either blood or urine do. These direct measures (blood or urine 

toxicology) provide higher estimates of non-adherence but only assess whether 

medicines are taken on the day of the test. Leftover pill counts or pharmacy re-fill 

collecting data provide information on whether pills are taken out of boxes or collected 

by patients, but do not indicate whether pills are physically swallowed or not. 

Medication event monitoring systems (MEMS) assess whether medication tops are 

opened or not, but require engineering input. Questionnaires, pharmacy re-fill analysis 

or leftover pill counts (Medication Possession Ratios [MOR]) or interviews are cheap to 

do, when compared with lab analysis or hospital admission for the more direct observer-

type tests. Medication adherence measures are not part of routine clinical practice at 

either primary or secondary care level in Ireland or internationally, and it could be 

argued that although research may highlight adherence issues, translation of any of 

these ideas to practice seems slow. 

 

Jung et al.(Jung et al., 2013) in a notable paper show that non-adherence is a significant 

problem in aTRH populations. They found a non-adherence rate of 53% (combined 

partial and total non-adherence), through direct toxicological analysis of patients urine 
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for anti-hypertensive drugs (n=76). One third of patients of these patients were fully non 

adherent, and 85% of the remaining two thirds took less than 50% of their medications. 

Gupta et al. (Gupta, et al., 2017) in a methodologically similar, but larger study, found a 

lower threshold (n=1348) of non-adherence of 41.6% and 31.5% in UK and Czech 

populations respectively. They also stated that for each increase in the number of anti-

hypertensive medications prescribed, the odds of non-adherence increased by circa 

80%. The odds for non-adherence were most likely for diuretics (p<0.005 in both 

populations). These studies are small in size, and whilst questions arise about the 

negative predictive value of these tests, findings are interesting. For physical tests, the 

influence of pre-analytical factors (collecting, storing and processing the samples) and 

the pharmacokinetics of the individual drugs detected are not discussed in any of the 

studies. For some studies, patient consent for adherence assessment was not adequately 

explained, however, Gupta et al. sought consent. Estimates from similar papers also 

dealing with toxicological analysis give non-adherence figures of 54% and 86% 

respectively (Brinker et al.; Florczak et al., 2015).  

 

In contrast Medicine Possession Ratios (MPR) usually give the highest measures of 

adherence. Porter et al. for example, provided an estimate of zero for non-adherence in a 

well-designed study (Porter, Taylor, Yabut, & Al-Achi, 2014). Studies using MEMS or 

prescription refill data generally define adherence as >80% of doses collected, but this 

is an arbitrary cut-off, and the choice of 80% as a limit, is unexplained: why not 90 % or 

70 %? Daugherty et al. (Daugherty, et al., 2012) in a notable paper on the incidence, 

prevalence and prognosis of TRH detected that 42% of patients were non-adherent to 

therapy when prescription re-fill data was analysed. 

 

Direct Observed Therapy (DOT) is rarely performed now due to the possible disastrous 

side effects that taking three to four medications can have on somebody who has not 

taken any medications prior to hospitalization. A recent study by Bunker et al. gave a 

non-adherence estimate, via this method, amongst 37 patients, of 62% (Bunker, 

Callister, Chang, & Sever, 2011). Hospitalization and close monitoring is required if 

this type of test is performed. 
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There are also many questionnaires which analyse adherence. The leading one in use is 

the eight item Morisky Medication Adherence Scale (MMAS-8). In order to complete 

these types of studies, patients need to be educated to a certain levels, and have no 

cognitive difficulties. It could be suggested that cognitive difficulties are common in 

those with TRH; there is a higher prevalence of white matter lesions and dementia seen 

in these populations (Breteler et al., 1994). This type of study does, however, give the 

researcher an indication of the level of non-adherence over a longer period of time than 

more instantaneous studies (spot urine toxicology etc.). Additionally, although self-

report measures are subject to a host of biases, they have the potential to elucidate 

reasons for non-adherence (e.g., illness perceptions, treatment-related beliefs, or 

cognitive deficits) in a way that more direct measures cannot. Notable studies include 

Burnier et al. (Burnier, Schneider, Chiolero, Stubi, & Brunner, 2001) via Morisky scale 

returning a non-adherence estimate of 7%, and Massierer et al. (Massierer et al., 2012), 

with a 21% non-adherence estimate. It could be argued that a composite measure (both 

direct and indirect) may be the most accurate way forward.  

 

In summary, the examination of pseudo-resistance is vital in giving a truer estimate of 

the prevalence of TRH. Its clear WCH must be excluded by ABPM before TRH is 

diagnosed, up-dosing must be performed (as physician inertia is a problem) and non-

adherence to medication must be examined. Lifestyle measures contribute greatly to 

hypertension and TRH (obesity, salt intake, alcohol, cigarettes, and physical inactivity), 

and must also be addressed. There are a number of studies examining the role of diet 

and lifestyle in hypertension but none specifically in TRH. Information in studies is 

typically taken at a health services file level as opposed to the individual patient’s level, 

and lifestyle is thus under-examined in many of the published prevalence studies. As an 

example, it could be suggested that amongst an aTRH cohort up to half of these patients 

are inadequately dosed (Egan et al., 2013), up to one third have WCH (de la Sierra et 

al., 2011) and non-adherence to therapy exists circa in 35% (Gupta, et al., 2017).  
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1.2.12 Prognosis in apparent Treatment Resistant Hypertension 

In a leading American paper, Daugherty et al. followed an incident cohort with newly 

diagnosed resistant hypertension over a median of 3.8 years. The patients were 

registered with two health plans (n=205,000). The incidence of developing RH over 1.5 

years was 1.9% or 1/50. The unadjusted percentages of incident CVD events between 

TRH and non TRH groups were 18% versus 13.5% respectively, and after adjusting for 

patient and clinical characteristics, a composite hazard ratio for CVD events of 1.47 

(1.33-1.62,95% CI) for those with TRH was identified (Daugherty, et al., 2012).  

 

Sim et al. (Sim et al., 2015) confirmed the excess CVD risk associated with TRH in 

2015. They initially identified 470,386 individuals with resistant (TRH) and non-

resistant hypertension (non-TRH) from an American health care plan. The TRH group 

(n=60,327) was then subcategorized into two further groups: 23,104 patients with cTRH 

(controlled on four or more medicines) and 37,223 patients with uTRH (uncontrolled on 

three or more medicines) in a five year retrospective cohort study. TRH (cTRH and 

uTRH combined) was then compared with non-TRH. Multivariable adjusted Cox 

hazard ratios (95% confidence intervals) were used and these showed an increased risk 

in having TRH: 1.32 (1.27-1.37), 1.24 (1.20-1.28), 1.46 (1.40-1.52), 1.14 (1.10-1.19), 

and 1.06 (1.03-1.08) for ESRD, CAD, CCF, CVA, and mortality, respectively. 

Comparison then between uTRH with cTRH occurred. Again multivariable adjusted 

Cox hazard ratios (95% confidence intervals) were used and showed an increased risk 

among those with uTRH-1.25 (1.18-1.33), 1.04 (0.99-1.10), 0.94 (0.89-1.01), 1.23 

(1.14-1.31), and 1.01 (0.97-1.05) for ESRD, CAD, CCF, CVA, and mortality, 

respectively. This confirms that those with TRH have higher risks than those without, 

but controlling the TRH offers some protection and reduces the incidence of CVD 

events and death. The risk of ESRD and CVA were 25% and 23% greater, respectively, 

in uTRH compared with cTRH, supporting the linkage between BP and both outcomes 

(Sim et al., 2015). On closer analysis of the participant demographics, it is possible to 

surmise that those with cTRH were sicker (with co-morbidities like DM and CKD) and 

thus have more independent risk factors to have a cardiovascular event. Interestingly, 

men and Hispanics had a greater risk for ESRD within all three cohorts (non-TRH, 

cTRH and uTRH). A weakness in prognostic cohorts in general is that the heterogeneity 
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of physicians’ behaviour in their dealings with at-risk patients cannot be measured, but 

can be helped by the provision of guidelines at studies commencement.  

 

A post hoc analysis of ALLHAT (N=14 684) in 2014 (Muntner et al., 2014) further 

corroborated the arguments above. Here the multivariable adjusted hazard ratios (95% 

confidence intervals) comparing TRH with non-TRH showed increased risk in the 

former for: coronary heart disease (1.44 [1.18-1.76]), stroke (1.57 [1.18-2.08]), all-cause 

mortality (1.30 [1.11-1.52]), heart failure (1.88 [1.52-2.34]), peripheral artery disease 

(1.23 [0.85-1.79]), and end-stage renal disease (1.95 [1.11-3.41]). TRH was also 

associated with the pooled outcomes of combined coronary heart disease (hazard ratio, 

1.47; 95% confidence interval, 1.26-1.71) and combined cardiovascular disease (hazard 

ratio, 1.46; 95% confidence interval, 1.29-1.64). Diuretics were not a mandatory 

medication for inclusion in this cohort (as is required by definition). Arguments have 

also been made that the mandatory inclusion or not of a diuretic in determining aTRH 

status in ALLHAT had no effect on prognosis (Bangalore et al., 2017). 

 

In a further post hoc look at the TNT trial of patients with coronary artery disease, and 

apparent treatment-resistant hypertension ( N=1112 & 11% of the total cohort), there 

was similarly a marked increase in the risk of cardiovascular morbidity and mortality-

including an increase in all-cause death, when comparing TRH to non TRH 

hypertensive controls (Bangalore et al., 2014). 

 

These four papers all agree that those with a TRH status have a poorer prognosis than 

their non TRH hypertensive controls, across a wide range of CVD outcomes. There is 

also some evidence showing perhaps that those with cTRH fare better than those with 

uTRH, but the pursuit of cTRH may be associated with more adverse events as this 

often requires increasing drug doses or the number of medications taken. There is 

however an alternative view, and these arguments were put forward in 2014 by Irvin et 

al., in a report from the ongoing REGARDS Study (The REasons for Geographic and 

Racial Differences in Strokes project). This American study of 15,032 patients, 

sponsored by the National Institutes of Health (NIH), evaluated stroke risk 

geographically using telephone interviews, home exams and some TOD testing such as 
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ECHO etc. (Irvin et al., 2014). This study focussed similarly on the TRH versus non-

TRH (who has a better prognosis) question. Results showed CAD rates were higher in 

the uTRH group where the hazard ratio was 2.33 (1.21-4.48, 95% CI), but there was no 

difference for total mortality or CVA. Interestingly they also found no increased risk of 

CVD events/death when cTRH was compared to those without TRH (non TRH 

hypertensives). Admittedly this was a much smaller study to Sim et al. (15,000 versus 

470,000 patients) but the results were replicated (no huge differences in outcomes 

between those with cTRH and uTRH) in a post hoc analysis by Smith et al., of the 

INVEST trial in 2014 (Smith et al., 2014). These contrary views highlight the need for 

further work and clarification here. 

 

Two other facts merit consideration: quality of life in hypertensive patients and WCH. 

The optimal BP in terms of health-related quality of life (HRQoL) in patients treated for 

hypertension remains unknown (Zygmuntowicz, Owczarek, Elibol, Olszanecka-

Glinianowicz, & Chudek, 2013). It is accepted that lower BPs reduce an individual’s 

total CVD risk, but perhaps quality of life suffers in pursuit of this lower target.  

 

A recent study from 2016 detailed that those with TRH (N=2501) showed poorer 

physical health scores than those who are non-TRH hypertensive. Mental health scores, 

between both groups, on a 12-Item Short Form Health Survey form were similar, but in 

multivariable-adjusted analyses, TRH was associated with a 2.37 HR (95% CI 1.71 to 

3.02) lower physical health score (Carris, Ghushchyan, Libby, & Smith, 2016). Those 

who take > 3 medications for their BP have poorer physical health. Medication side 

effects may well be contributing to this. 

 

In an interesting study in 2013 (n=11,498) of Caucasian individuals who filled a 12-

item short form health survey, BP values associated with optimal quality of life were 

within the recommended targets, and similar amongst young and old (Zygmuntowicz et 

al., 2013).  

 

Salles et al. in 2008 (n=556) suggested that ABPM was the best marker for estimating 

morbidity/outcomes in the TRH group (Salles et al., 2008). Too much of the published 
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work is dependent on manual BP readings. In this study, with a median follow-up of 4.8 

years, 109 patients (19.6%) reached the primary end point (a composite of fatal and 

nonfatal cardiovascular events and all-cause and cardiovascular mortalities). There were 

also 70 all-cause deaths (12.6%), and 46 persons had cardiovascular causes. After 

adjustment for multiple factors, manual office BP showed no prognostic value. After 

further adjustment for office BP, ABPM was the best independent predictors of the 

composite end point. The hazard ratios associated with a one, SD increment in daytime 

and night-time SBP were 1.26 (95% confidence interval, 1.04-1.53) and 1.38 (1.13-

1.68), respectively; the corresponding values for DBP were 1.31 (1.05-1.63) and 1.36 

(1.10-1.69). Ambulatory systolic and DBP were equivalent predictors, and both were 

better than pulse pressure; and interestingly night-time BP was superior to daytime BP.  

 

This study has a few limitations. First, baseline office and ambulatory BPs were used 

for the analyses, so changes in BP during follow-up were not considered. Secondly, 

changes in antihypertensive drug treatment or fluctuations in patients’ adherence to 

medications were not analysed either. Thirdly, office BPs were obtained during a single 

visit and this may have limited their predictive performance. Finally, there were 

relatively few cardiovascular deaths and CHD events and this probably contributed to 

the failure to demonstrate the prognostic value of ABPMs for these end points owing to 

insufficient statistical power.  

 

In summary, TRH is important, it impacts on disease progression and is under 

investigated. It is clear that those with TRH have more CVD based events and poorer 

outcomes then those with non TRH hypertension. Furthermore, it seems those with 

controlled TRH seem to do better prognostically than those with non-controlled TRH. It 

has been suggested by the both the American Heart Association (2008) and the UK 

National Institute for Health and Care Excellence (2011) that further research is needed 

into the prognosis and management of people with TRH. A prognostic study based on a 

cohort of patients with aTRH after five to 10 years is desirable. This group’s prognosis 

could be compared with 700 matched hypertensive controls; this number would be 

required to adequately power the prospective cohort study. A further sub analysis 

comparing between those with cTRH and uTRH is also possible. Within time frames of 
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this thesis, a full prognosis study is not possible, but a feasibility study confirming the 

availability of outcomes is. 

 

 

1.2.13 Treatment of TRH 

 

Typically in TRH, patients are prescribed a RAS agent, a CCB and a diuretic in 

combination. As an early management protocol (Fagard, 2012), first steps are checking 

that BP is high and ruling out WCH by insisting on OOH readings with HBPM or 

ABPM. Second steps involve checking that patients are adherent to treatment. Third 

steps involve removing drugs/supplements/foods that potentiate hypertension and 

escalating drug doses to the maximum tolerated doses tolerated. Medication changes 

can also help e.g. loop diuretics should be substituted for thiazides in CKD (Fagard, 

2012) and bendroflumethiazide has been shown to be a weaker thiazide diuretic than the 

others available (Barrios & Escobar, 2014). Fourthly, physicians should ask patients to 

reduce oral salt and total daily calorie intake, adapt a DASH-based Mediterranean diet, 

and minimise/stop the use of alcohol and cigarettes. As a fifth point, any patients 

suspected of having secondary hypertension should receive an appropriate work-up at 

this stage. The real problems emerge when patients are still uncontrolled after all these 

points have been adequately addressed. 

 

1.2.13.1 Fourth line anti-hypertensive in TRH 

The choice of the most successful fourth agent to add to a typical regime in TRH 

(RAAS, CCB, thiazide diuretic) was examined in the recent PATHWAY-2 Trial. This 

was the first trial to attempt to answer this question (Williams et al., 2015). This 

examined spironolactone versus placebo, bisoprolol, and doxazosin in order to 

determine the optimal fourth line drug for TRH. The methodology used was a 

randomised, double-blind, crossover trial and 335 participants with TRH were analysed. 

Patients rotated, in a randomized order, through 12 weeks of once daily treatment with 

each of spironolactone (25–50 mg), bisoprolol (5–10 mg), doxazosin modified release 

(4–8 mg), and placebo, in addition to their baseline BP drugs. Spironolactone was 

clearly the most effective add-on drug for the treatment of TRH. The average reduction 
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in home SBP by spironolactone was superior to placebo with a reduction in SBP of 8·70 

mm Hg [95% CI 9.7-7.7, p<0·0001] and also superior to the average of the other two 

active treatments (doxazosin and bisoprolol) by 4·26 mm Hg (5.2 −3.4, p<0·0001). The 

superiority of spironolactone supported the hypothesis that sodium retention was a 

significant factor in TRH. There are, however, some down sides to this treatment 

modality as 40% of patients showed no response to MRA and hyperkalaemia can be a 

serious side effect of treatment. Regular evaluation for hyperkalemia is particularly 

important for those with CKD and in those who already take a RAS drug, as high-

normal potassium levels are quite prevalent in these groups. Questions about 

gynaecomastia rates still prevail (circa 6%) as the trial only ran for a short period of 

time (1 year). Clearly longer term CVD outcomes could not be evaluated in this time 

space either. A longer term trial is underway looking at CVD outcomes (BHS, 2017). 

 

The ESH in 2018 published guidelines on the management of arterial hypertension and 

they also support to use of MRA as the preferred fourth line agent in TRH. They 

suggest that another diuretic should be used if patients are intolerant to spironolactone 

(e.g. eplerenone, amiloride, thiazide like drug, loop diuretic). Beta-blockers or 

doxyzosin are fifth line drugs (Williams et al., 2018b).                                                                                                                                                                    

 

Recently in a publication entitled ‘Spironolactone Versus Clonidine as a Fourth-Drug 

Therapy for Resistant Hypertension-The Resistant Hypertension Optimal Treatment 

Randomized Study’ (Krieger et al., 2018), the authors looked at an alternative fourth 

line agent for TRH in 187 patients with TRH. The authors here argue that an agent 

blocking the central sympathetic nervous system (clonidine etc.) had not been examined 

in the Pathway-2 Trial (Williams et al., 2015), but doxazosin, an alpha blocker was, and 

this may have been an omission. This was the rationale for comparing clonidine and 

spironolactone, in a head-to-head randomised controlled trial, assessing the best fourth 

line agent for TRH, by way of a surrogate marker for improved cardiovascular 

outcomes, the success in the lowering of BP.  

 

The mean estimated Glomerular Filtration Rate (e GFR), in either group in this trial was 

90 mls/min/1.832. The average eGFR in other published TRH cohorts in primary care 
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was much lower at 59 mls/min/1.832 (Hayes  et al., 2017) and more notably in a British 

primary care TRH cohort of 1.4 million persons, when 53% of persons had an egFR < 

60 mls/min/1.832 (Sinnott et al., 2017).Furthermore the average age of the treatment 

group was 54 years in this study, and the level of cardiac failure was 0.5 %. This seems 

at odds to the demographics of other apparent TRH cohorts, in primary care, where the 

older you are, the more likely you are to have TRH (Sinnott et al., 2017). Here, the odds 

of having aTRH was 1.43 (95% CI 1.39-1.46). ) if you are over 80 years, and 0.68 (95% 

CI 0.66-0.69) if you are less than 60 years (Sinnott et al., 2017). It is also striking that in 

a Swedish primary care TRH cohort the prevalence of CCF was 21% (Holmqvist et al., 

2016). There were no reported hypotensive events seen in either arm of this study. My 

major problem is that this study is not generalizable to all patients with TRH-especially 

those in primary care; however it may applicable to those who are younger and 

attending hypertension clinics. Potential somnolence from clonidine use is a problem, 

especially in the elderly, with falls being a serious risk.  

 

1.2.13.2 Dual Blockade of the RAS  

Dual blockage of the renin – angiotensin system was favoured for a period of time as a 

method to reduce both blood pressure and proteinuria (combined ace inhibitors and 

angiotensin receptor blockade). This has now fallen out of favour due to unfavourable 

findings of advanced renal decline in the treated groups in the ALTITUDE study 

(Parving et al., 2012) and the ON-TARGET trial (Yusuf et al., 2008). 

 

1.2.13.3 Renal Denervation 

In order to discuss BP lowering devices, I will start in early 2011. At this time 

Medtronic Inc. bought Ardian Inc. a private company for 800 million dollars, and 

publicity about Renal Denervation (RDN) therapy rose exponentially. In 

SYMPLICITY-1, a proof of concept and safety assessment study, 153 patients with 

TRH, received RDN and at two years had remarkable drops in office BP readings. The 

starting BP was 176/98 mm Hg (SD 17/15), and at 24 months the group had an average 

drop in BP of 32/14 mm Hg. This, however, was a simple trial with little heed paid to 

any of the common pseudo resistance factors before inclusion of entrants. This, 

however, gave much hope that patients could improve their hypertensive control 
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without further medication, and all this was possible with a seemingly safe procedure 

(97% without procedural complication).  

 

SYMPLICITY-2 was marked out as multi-centre open label RCT which measured RDN 

versus medical therapy alone. It enrolled 106 patients with T2DM, TRH and SBP > 160 

mm Hg and this showed an initial drop of 33 mn Hg in office based SBP taken 

manually (95% CI: -40, -27, P < 0.01) in the office and 14 mm Hg through ABPM. The 

SBP gains seemed to last for the entire three years. After SYMPLICITY-2 multiple 

other companies entered the market and suddenly up to 5,000 RDN procedures were 

being performed globally. These procedures were occurring in many patients in whom 

RH had not yet been proven as pseudoresistance had not even been investigated (O 

Brien, 2015). At this stage, it was then agreed, that in patients selected for RDN trials, 

pseudo-resistance and secondary hypertension should be ruled out, hypertension 

specialists should be involved in patient care and after procedure renal artery damage 

follow-up should occur. It should be noted that the FDA (USA) had not granted a 

license for RDN after SYMPLICITY-2 whilst the European authorities did. Overall, 

RDN seemed safe as profiled from the SYMPLICITY trials. Registries however are still 

kept to monitor adverse effects. Post procedural renal artery stenosis occurs no more 

often than in non-treated populations, but contraindications still exist to RDN (e.g. those 

who have had previous renal artery interventions and atherosclerosis > 30%)(Li et al. 

2016).  

 

In 2014 the SYMPLICITY-3 results were published where patients were given either a 

Sham RDN (Angiography) or a true procedural RDN event. It was fully titled as 

prospective, sham controlled, randomized trial. Prior to randomization, patients had to 

have both hypertension in both manual BP readings and ABPM. Results were 

disappointing, as they showed no further reduction in office or ambulatory BP after one-

year follow-up in either the sham RDN or the true RDN group. In denervation subjects, 

a total of 535 patients underwent randomization. The mean (SD) improvement in SBP 

at six months was 14.13 (23.93) mm Hg in the denervation group as compared with 

11.74 (25.94) mm Hg in the sham group (for a difference of 2.39 mm Hg [95% 

confidence interval = -6.89 to 2.12]; P=0.26 for superiority with a margin of 5 mm Hg). 
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The change in 24-hour ambulatory SBP was 6.75 (15.11) mm Hg in the denervation 

group and 4.79 (17.25) mm Hg in the sham-procedure group (for a difference of 1.96 

mm Hg [95% CI, -4.97 to 1.06]; P=0.98 for superiority with a margin of 2 mm Hg) 

(Bhatt et al., 2014).12 month data showed some further small improvements in SBP 

taken manually but no further improvements in ABPM (Bakris et al., 2015). 

 

Industry and many others blamed the failure of true RDN to be better than sham RDN 

on operator training issues and quality, or depth and duration of the sympathetic nerve 

ablation procedures. It is felt that denervation should occur to a larger extent at the distal 

end of the artery where sympathetic nerves are closer to the lumen (Li et al., 2016). It is 

accepted that there may be, however, more nerves in the proximal-mid artery, but these 

are more difficult to effect as the lumen-nerve distance here is larger. This left those 

advocating the use of RDN pondering where to go next.  

 

RDN advocates argued that there was alternative evidence showing its usefulness e.g. 

the French DENERHTN Trial, a prospective, open label, randomized trial that showed 

benefit. Here, 1416 patients were screened for eligibility, 106 were then  

randomly assigned to treatment (53 patients in each group, modified intention-to-treat 

population). Only 101 patients were analysed (because of missing endpoints), 48 

persons in the renal denervation group, and 53 in the control group (modified intention-

to-treat population). Authors remarked that when applying a standardized stepped-care 

antihypertensive treatment with RDN, compared to RDN alone, a higher decrease in 

ABPM SBP by 5.9 mm Hg was observed. There are however too many variables here to 

count this as high level evidence (adherence levels, treatment arm-more attention, 

missing data). 

 

Overall RDN trials have been poorly designed and would benefit from double blinding. 

ABPM use as an entry and outcome criteria, optimal targeting geographically of renal 

nerves and agreement on the energy modalities used, post procedure follow up CT scans 

at one year, adverse events follow up as a clear endpoint, and finally adequate global 

study registries to easily see all of this work (O Brien, 2015). Currently all trials are 

suspended and only carefully planned trials specifically asking who might benefit from 
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RDN, or what are the best catheter types or those evaluating the long-term effects of 

RDN will be allowed. The Joint UK Societies published their position paper shortly 

after 2014 and they suggested that RDN should not be part of routine care until some 

Type 1 evidence emerges of its efficacy (Lobo et al., 2015). The ESH agree (Mancia et 

al., 2013; Williams B., 2018).  

 

1.2.13.4 Other Interventions 

Baroreflex Activation Therapy (BAT) is also used to treat TRH, but there seems to be 

safety issues with the device and its use is not supported beyond research participants in 

expert centres at this stage (Bisognano et al., 2011; Mancia et al., 2013). The physiology 

behind BAT is simple. When baroreceptors sense an increase in carotid transmural 

pressure, they respond by inhibiting sympathetic and stimulating parasympathetic 

centres in the brainstem to effectively lower BP. BAT systems typically employ an 

impulse generator to stimulate the carotid sinus (Li et al., 2016). Unilateral implantation 

to the thorax and stimulation is possible. Mechanical carotid artery re-shapers as 

opposed to electrical current stimulators show similar effects at a research level. There 

are two large trials in play (DeBuT-HT and Rheo Pivotal Trial) which look at the 

benefits and adverse effects of BAT via electrical impulse generation. Recently six year 

follow-up data from these trials has been presented (de Leeuw et al., 2017). Overall in 

383 patients, mean office SBP fell from 179 (SD24) mm Hg to 144 (SD28) mm Hg , 

and mean office DBP from 103 (SD16) mm Hg to 85 (SD18) mm Hg (Li et al., 2016). 

The effect seems greater in those with CCF and less in those with ISH, and does not 

seem to effect renal function. Studies however are not performed without any evaluation 

pseudo-resistance. Large Trials with ABPM are ongoing. Reports from the DeBuT-HT 

(Scheffers et al., 2010) and Rheo Pivotal Trial (Bisognano et al., 2011) show however 

that safety may not be as large a fear as previously thought, with the use of unilateral 

and smaller BAT devices. 

 

Central arteriovenous anastomosis have also been used at experimental stages for 

treating TRH. These stents target the mechanical aspects of the circulation and through 

arterio-venous shunts (commonly between the iliac vessels) and via a complex, poorly 

understood mechanism, BP is reduced. This effect was shown initially in canines. There 
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are however circulatory maladaptive problems with tachycardia, right heart failure, 

venous thrombosis and dissection (Kapil et al., 2015).  

 

In summary, spironolactone is the logical choice of medication to use as a fourth line 

option in TRH. It seems more effective than Bisoprolol or Doxazosin or Clonidine. A 

more longitudinal trial is underway looking at BP reductions with spironolactone and 

improved CVD outcomes. RDN is now only to be used in research or specifically 

approved trials and should not be used as a mainstay of treatment. 

 

 

 

1.3 Justification of research 

Arterial hypertension accounts for, or contributes to, 62% of all strokes and 49% of all 

cases of heart disease.  Most cases of hypertension can be effectively treated with 

lifestyle changes and/or medications, but within this population lies a cohort at the 

upper end of cardiovascular risk spectrum – those with hypertension resistant to 

treatment. The challenges of determining, within this population, WCH and medication 

adherence rates are significant. Pimenta and Calhoun (2012) (Pimenta & Calhoun, 

2012) suggested the prevalence of resistant hypertension to be between 15% and 30% of 

treated hypertensive patients. They, together with the American Heart Association 

(2008) (Calhoun et al., 2008) and the UK National Institute for Health and Care 

Excellence (2011) ((NICE), 2011), suggest the need for further research into the 

prevalence, prognosis and management of patients with resistant hypertension.   

 

 

1.4     Research Hypothesis 

Hypothesis-Supplementary Paper 1 

 

The prevalence of non-adherence to anti-hypertensive medications in TRH is unknown 

and a systematic review of the literature and meta-analysis is required. 

 

My collaborator Ms Hannah Durand is the lead author on supplementary paper 1, and is 

submitting this work as an empirical study for her doctoral thesis. 
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Hypothesis 1 

 

My hypothesis is that apparent TRH is overdiagnosed and that the estimated prevalence 

figure in papers (10-30%), is inflated. Pseudo-resistance, when adequately examined, 

will lower these estimates considerably. 

 

Hypothesis 2 

 

My hypothesis is that those with aTRH have a worse prognosis than those with essential 

hypertension (non-TRH) and those with controlled-TRH (cTRH) fare better than those 

with uncontrolled-TRH (uTRH). I will however not perform this analysis until at least 

2020 (after five years of follow-up). For now I simply ask: is it feasible to perform this 

type of study? 

 

Hypothesis 3 

 

I hypothesise that the use of urine toxicological analysis to test adherence to anti-

hypertensive medications is acceptable and feasible in primary care. In addition, I  

hypothesise that there is a linear relationship between BP (both manual and mean 

ABPM values) and non-adherence to medications i.e. the less adherent you are, the 

higher your BP is. 

 

1.5  Aim and Objectives 

 

Aim Supplementary Paper 1  

 

 To ascertain the prevalence of non-adherence in patients with aTRH.  

My collaborator Ms Hannah Durand is the lead author on supplementary paper 1, and is 

submitting this work as an empirical study for her doctoral thesis. 
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Aim 1/Paper 1  

 

 Primarily, to ascertain the prevalence of aTRH, amongst hypertensive patients in General 

Practice.  

 Secondly, to describe the characteristics of this cohort and identify those with pseudo-

resistance. 

 Thirdly, to analyse the impact pseudo-resistance has on the initial prevalence figure. (All 

via cross-section study) 

 

Published 

            HAYES, P., CASEY, M., GLYNN, L. G., MOLLOY, G. J., DURAND, H.,O'BRIEN, 

E., DOLAN, E., NEWELL, J. & MURPHY, A. W. 2018. Prevalence of treatment-

resistant hypertension after considering pseudo-resistance and morbidity: a cross-

sectional study in Irish primary care.                

BJGP, 68, e394-e400. 

 

Aim 2/Paper 2  

 

 We plan to perform a feasibility study trying to establish whether prognosis could be 

assessed in a subset of patients with aTRH after a prolonged period of time (2 years). This 

is a test of a proposed methodology, which if deemed successful, would allow for follow-

up of the entire study cohort in 3 years’ time in 2020.  

(Pilot & Feasibility Study). 

 

Published 

HAYES, P., KIELTY, H., CASEY, M., GLYNN, L. G., MOLLOY, G. J., DURAND, 

H., NEWELL, J. & MURPHY, A. W. 2018b. Prognosis of patients with apparent 

treatment-resistant hypertension-a feasibility study.                                     

Pilot Feasibility Stud, 4, 43. 
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Aim 3/Paper 3  

 

 To assess if urine toxicological analysis is acceptable and feasible in Primary Care 

 To analyse 24 hour ABPM and urine toxicological analysis data in a cohort of patients 

with aTRH, and directly assess the impact non-adherence to therapy and white coat 

hypertension have on the prevalence of TRH.  

 To examine correlations between blood pressure readings and non-adherence to therapy. 

  To question whether any particular patient descriptors can predict non-adherence to 

therapy. (All cross-sectional study). 

 

Under review  

HAYES, P., CASEY, M., GLYNN, L. G., MOLLOY, G. J., DURAND, H., O’ BRIEN, 

E., DOLAN, E., DAS, K.,NEWELL, J.,FINN, D.,HAHREN,B.,CONNEELY, A.,& 

MURPHY, A. W. 2018c. Apparent treatment resistant hypertension in primary care: the 

feasibility and impact of urine toxicological analysis combined with ambulatory blood 

pressure monitoring.                                                                                                                      

Accepted for publication BJGP April 2019. 
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Chapter 2: Methodological considerations 

 

2.1 Methodological Considerations 

 

Supplementary Paper 1 

Medication adherence among patients with apparent treatment-resistant hypertension: 

Systematic review and meta-analysis.  

 

My collaborator, Ms. Hannah Durand is lead author on supplementary paper 1, and is 

submitting this work as an empirical study for her doctoral thesis- so I will not discuss 

this work in any great detail here. 

 

Paper 1: 

 

The prevalence of treatment resistant hypertension with consideration of pseudo-

resistance and morbidity.  

 

To define - a cross-sectional study is an observational study that examines data 

collected from a population, or a representative subset, at a specific point in time—and 

is the main methodology used for this aspect of the study. With the recent emphasis 

from funders on the need to have meta-analysis of randomized controlled trials to prove 

the ability of intervention to succeed or not, I feel observational studies have been 

somewhat undervalued. However, I believe they remain important because some 

questions can only be answered by these types of studies, i.e. the prevalence of a 

disease. They also provide detailed descriptions of those with a disease and generate 

inferences of cause and effect, which will allow for further study.  

 

Ethically these type studies cause little by way of concern, as nobody is treated, 

untreated, or exposed to anything. The issue of consent is however worth considering. 

The question whether all participants should be fully aware of and give permission for 

their data to be included in an observational study is contentious. Opinions vary. Some 

argue consent is not needed, as all data is completely anonymised when passed to 

https://en.wikipedia.org/wiki/Observational_study
https://en.wikipedia.org/wiki/Prevalence
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researchers, as it has usually been extracted by the participants own health care team, 

via an audit on some aspect of clinical practice, and the research is based on the 

behaviour of the cohort and not the individual. This argument is strengthened by the fact 

that to improve clinical care, most governing bodies for health care professions (medical 

and nursing councils), insist practitioners perform a yearly audit on some element of 

their clinical practice to show they are maintaining their competence. If data collected 

for the purposes of an observational study is anonymised before it leaves the patient’s 

own health care setting, then it surely this falls outside of any data protection 

legislation.  

 

The current data protection rules in use in Ireland since 2018 are the general data 

protection regulation (GDPR) rules. These are an agreed set of rules that have been 

implemented on a pan-european basis and are legally enforceable with fines. The 

current view is that all observational research, when patient’s health care files are 

required to be accessed, must be performed with the explicit consent of patients. 

Waivers however may be granted when the disease in question is an important public 

health issue. It should be noted that the permission to waive consent from a research 

ethics committee is deemed insufficient, and that national committees will need be set 

up to examine waivers for observational studies on a case by case basis. To my 

knowledge -no such committee is in existence currently in Ireland. The remit for the 

foundation of this committee will lie with the health research board (HRB)-Ireland, and 

it is hoped that this will be fully established within the coming year (2019). 

 

The cross-sectional study was deemed an appropriate methodological approach in order 

to deliver Paper 1. 

 

We used the STROBE guidelines (von Elm et al., 2007) when reporting on the cross 

sectional study. Incomplete reporting often hampers the assessment of the strength of 

papers in the literature and the use of these guidelines are recommended by most 

journals now to increase the quality of the published research.  
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Paper 2: 

Prognosis of patients with apparent treatment resistant hypertension - A feasibility study.  

 

In a prospective cohort study, a group of people are selected (usually from an at risk 

group) who do not have the outcome of interest, but are deemed to be exposed to some 

degree of extra risk. This group are then observed over a set period of time to see if they 

develop the outcome in question. A control group (who are not deemed to have an extra 

degree of risk) are often also observed and any increased risk for the outcome of 

interest, between the groups, is then reported. 

 

Researchers also measure a variety of variables (Blood pressure, CKD), that might be 

relevant to the development of the condition. The participants are then observed, over a 

set period of time, to see whether they develop the outcome of interest (stroke, heart 

attack, death), or not. 

 

Our control group will be those with essential hypertension and the observed group will 

be those with aTRH. The hypothesis will be that those with aTRH develop more CVD 

or CVD related death, than those with essential hypertension. There are many problems 

with examining prognosis in cohort studies. Firstly, you can only do these type studies 

if there is a strong incidence of the disease in question. Loss to follow up can also be an 

issue and this is clearly a larger problem in low incidence diseases. Further problems 

associated with comparing two groups in a cohort are that other unseen and unmeasured 

variables may be the real difference between the groups. This is a confounding issue 

and can be difficult to avoid. A prospective study design model helps alleviate some of 

the risk of confounding, as does vigorously limiting all loss to follow up and of course 

measuring a complete list of relevant variables. Sampling bias can also a huge issue, in 

these type of studies, as extrapolation of the findings to wider populations may not be 

reasonable. Taking all the available population without selection (i.e. starting the study 

in primary care), eliminates some of this form of bias. Researchers must also recognize 

that some variables need collection at various times during the study in order to fully 

understand their significance (BMI, eGFR).  
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For the purposes of this thesis, a successful feasibility study on our proposed 

methodology was performed. We plan follow up in 2020.  

 

Paper 3: 

Quantifying the impact of non-adherence to treatment and white coat hypertension in 

apparent treatment resistant hypertension  

Similar methodological considerations regarding cross sectional studies would apply. 

 

GDPR-General Data Protection Regulation 

We were cognizant of data protection legislation during this project. Practices were 

supported in performing an audit identifying patients on possible hypertension 

medications and then a search of electronic records took place. It is a requirement of 

The Irish Medical Council that all medical practitioners take part in a yearly clinical 

audit process to show continuing professional competence. Practices were supported by 

the research team in achieving this. It has been noted that since 25th May 2018, GDPR 

applies to the processing of all personal data within the European Union. All parties 

processing personal data are now legally obliged to follow this regulation. 

 

 

2.2 Research Ethics Committee (R.E.C.) Approval Letters   

The primary aim of ethical review is to protect participants in research. 

Patients/participants should not be seen as merely a means of accessing research data. 

However, ethical review also helps to protect the researcher. By obtaining ethical 

approval, a researcher can demonstrate adherence to an accepted ethical standard. This 

reassures both research funders and the general public alike (NICE, 2016). 
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2.21-Ethics Approval: Irish College of General Practitioners, R.E.C. (Paper 1) 
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2.22-Ethics Approval: Health Service Executive, R.E.C. (Paper 2) 
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2.23- Ethics Approval: Health Service Executive, R.E.C. (Paper 3) 
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Abstract 

Objectives: Medication non-adherence is a known behavioural contributor to poor 

blood pressure control that puts patients with hypertension at elevated cardiovascular 

risk. Studies of medication adherence for apparent treatment-resistant hypertension 

(aTRH) vary significantly with respect to design, methods, and setting; and as a result 

have produced highly variable figures describing the prevalence of non-adherence. This 

review aimed to describe the prevalence and potential moderators of medication non-

adherence estimates for aTRH.  

Methods: Systematic review and random effects meta-analysis. 

Results: From an initial discovery of 921 studies, we identified 24 studies that 

measured medication adherence for patients with uncontrolled blood pressure despite 

being prescribed three or more antihypertensive medications of different classes. Using 

a random effects model, the pooled prevalence of non-adherence was 31.2% (95% 

C.I.=20.2–44.7, I2=99.50) with non-adherence rates ranging from 3.3–86.1%. The 

strongest contributor to variance in non-adherence rates was the method of adherence 

assessment used. Studies that relied on self-report measures of adherence and/or 

pharmacy data reported lower levels of non-adherence than studies using more objective 

methods, such as liquid chromatography–mass spectrometry in single time point 

bioassays or directly observed therapy.  

Conclusions: Findings indicate that medication non-adherence is a significant problem 

among aTRH patients. Identifying the most accurate and clinically feasible adherence 

assessment methods is necessary to reduce blood pressure and cardiovascular morbidity, 

facilitate early behavioural intervention, prevent unnecessary diagnostic testing, and 

limit sometimes unnecessary and expensive blood pressure lowering procedures.  
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Registration Number: CRD42016028121 
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Introduction 

Medication non-adherence is a known behavioural contributor to poor blood 

pressure (BP) control that puts patients with hypertension at elevated cardiovascular risk 

[1,2]. The term apparent treatment-resistant hypertension (aTRH) is used to describe 

patients who appear to have resistant hypertension (RH), i.e. patients whose BP remains 

above goal despite concurrent use of three or more antihypertensive agents of different 

classes, one of which should ideally be a diuretic and all of which should be prescribed 

at optimal dose amounts, or patients whose BP is controlled but require four or more 

medications to do so [3,4], and for whom causes of pseudoresistance (i.e., non-

adherence, the White-coat effect, measurement error) have not been excluded. aTRH is 

common among treated hypertensive patients, with prevalence estimates of >10% 

consistently reported [5]. Patients with aTRH are at increased cardiovascular risk 

relative to those whose BP is controlled by three or fewer medications, and 50% more 

likely to experience an adverse cardiovascular event than patients with controlled 

hypertension [6]. 

It is not certain what proportion of aTRH can be attributed to non-adherence to 

antihypertensive medications. Studies of medication adherence for aTRH vary 

significantly with respect to design, methods and setting; and as a result have produced 

highly variable non-adherence estimates. Two recent narrative reviews have reported 

highly variable estimates of non-adherence for aTRH (e.g., 23.0–66.0% [7]; 7.0–65.5% 

[8]); however these only report on three common studies, and do not report how or why 

individual studies were selected for review and therefore may provide an arbitrary 

selection of the available evidence. There has been no systematic investigation of the 

prevalence of non-adherence estimates for aTRH, or statistical moderators of these 
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estimates. This review aimed to systematically determine the prevalence of medication 

non-adherence among patients with aTRH.   

Methods 

This systematic review and meta-analysis has been conducted and reported in 

accordance with the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement [9]. The review is registered with the International 

Prospective Register of Systematic Reviews (PROSPERO) database (registration 

number: CRD42016028121).  

Search Strategy  

Electronic databases PsycINFO, PubMed, Embase, Web of Science and 

CINAHL were searched for research articles published from the start of the databases 

until December 2015. The following search string used: ‘medication’ AND (‘adheren*’ 

OR ‘nonadheren*’ OR ‘non-adheren*’ OR ‘complian*’ OR ‘noncomplian*’ OR ‘non-

complian*’) AND (‘resistant’ OR ‘uncontrolled’) AND ‘hypertension’. References of 

selected articles and review articles were checked to identify additional relevant articles.   

Inclusion and Exclusion Criteria  

Articles were considered relevant if they reported original research and if their 

study population consisted of patients with aTRH. Prevalence of medication non-

adherence had to be reported as an outcome. Papers were excluded if they were review 

or expert opinion articles, case studies, or contained secondary analyses on data already 

included in this review. Where dual or duplicate publication was identified, the paper 

with the most completely reported data was included. Intervention studies with 

appropriately reported baseline adherence data were also included. 

Study Selection  
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Titles and abstracts were screened for inclusion by two independent reviewers 

(HD and ECM). Full texts were also evaluated by two independent reviewers (HD and 

PH). In the case of disagreement between reviewers, a third reviewer acted as an 

adjudicator (AWM or GJM, depending on the nature of the expertise required to resolve 

the disagreement). Papers were retained if they contained studies exploring non-

adherence to antihypertensive medication in aTRH, were published in English and were 

available in full-text by January 2016. Owing to the varying definitions of treatment 

resistance [10], the following common definitions were acceptable: (1) uncontrolled BP 

(≥140/90 mmHg) despite antihypertensive regimen of ≥3 medications of different 

classes (including one diuretic) or treatment with ≥4 antihypertensive agents of different 

classes irrespective of BP control status (definition of the American Heart Association 

[AHA][3], the European Society of Hypertension [ESH], and the European Society of 

Cardiology [ESC][4]); (2) uncontrolled BP (≥140/90 mmHg) despite antihypertensive 

regimen of ≥3 medications of different classes; or (3) definitions deemed more stringent 

than first or second.  

Data Extraction 

From each included study two reviewers (HD and PH) independently extracted 

the following information: country of publication, study setting, design, sample size, 

definition of RH, number of medications, definition of non-adherence, proportion of 

non-adherent subjects and factors associated with non-adherence, if reported. Several 

methods of measuring non-adherence have been reported; these were grouped into 

categories: (1) case note evaluation/physician interview; (2) self-report scale; (3) 

physical test (urine/blood); (4) pill count/prescription refill data; (5) medication 
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possession ratio (MPR); (6) electronic monitors (MEMS); (7) directly observed therapy 

(DOT); or (8) combination of measures (e.g., self-report scale and physical test).  

Quality and Risk of Bias Assessment  

Given the diversity of study designs included in this review, an assessment of 

the quality of studies was conducted with reference to criteria outlined by Sanderson, 

Tatt and Higgins [11] in their review of quality and risk of bias assessment tools for 

observational studies.  

Data Synthesis and Statistical Analysis 

Statistical analysis was conducted using the ‘metaprop’ function in R [12,13]. 

Results are presented in Forest plots. Non-adherence estimates were calculated by 

dividing the number of patients meeting each study’s definition of non-adherence out of 

the total number of enrolled patients. When only percentages were reported, they were 

converted into absolute numbers. Confidence intervals (95% C.I.s) were calculated for 

each prevalence point estimate. A random-effects model (REM) was used to calculate a 

pooled summary estimate of non-adherence, as the assumptions of fixed-effects 

modelling were not deemed tenable in this context [14]. I2 statistics were calculated to 

quantify the share of dispersion across the effects that is due to true heterogeneity rather 

than sampling error [14]. Egger’s test was used to detect publication bias [15]. A leave-

one-out sensitivity analysis was performed by iteratively removing one study at a time 

to confirm that findings were not driven by any single study. Subgroup analysis was 

applied to detect moderator variables where evidence suggests potential impact on non-

adherence estimates, provided that necessary data were retrievable from the primary 

studies. Subgroup analyses examined: (1) type of adherence measure (categorised 

above); (2) study setting (primary care, general hospital or specialist hypertension 
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referral clinic); and definition of RH (AHA/ESH/ESC versus ‘other’) as potential 

moderator variables (See Table 1).  

Results 

Description of Studies 

Literature Search 

A PRISMA flow diagram outlining the systematic review process is provided 

(Figure 1). The initial literature search resulted in the identification of 921 unique 

papers, after 800 duplicates were removed. Of these, 891 were rejected after reviewing 

the abstracts. Of the remaining 30 articles, 6 were excluded in the full-text screening 

phase. Therefore 24 fully extracted primary studies were available for meta-analysis. 

One included article [16] described two distinct study populations (i.e., inpatients and 

outpatients). These were treated as separate observations in the meta-analysis. No 

additional papers that met our inclusion criteria were identified through a reference list 

search. Refer to Table 1 for a summary of included articles.  

------------------------------------- 

Figure 1  

------------------------------------- 

------------------------------------- 

Table 1  

------------------------------------- 

Study Characteristics  

Twelve studies took place in Europe [16-27], ten in the US [28-37], and two 

elsewhere [38,39]. The majority of studies were retrospective or cross-sectional cohort 

studies. Two RCTs and one pre-post intervention study were also included [25,30,32].  

Patient Characteristics  

The pooled participant sample was 68,313; however one study [35] accounted 

for over 60,000 of these. The number of patients included ranged from 18 [21] to 
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60,327 [35]. Mean age and sex distribution were similar across studies; however these 

were inconsistently reported. BP measurements, both systolic (SBP) and diastolic 

(DBP), were also inconsistently reported; those studies that did report these figures 

often broke BP down by subgroups or time points. The medications assessed were often 

not reported; those that were reported varied between studies.  

Quality and Risk of Bias  

A summary of the critical appraisal is presented in Figure 2.  Egger’s test for 

publication bias was significant (Z = 7.28, df = 23, p = .02).   

------------------------------------- 

Figure 2 

------------------------------------- 

Summary of the Evidence  

Overall the studies included varied considerably with respect to design, 

methods, and setting. Of particular interest, the definitions of RH and adherence varied 

significantly. Details of antihypertensive regimens are generally not reported, even for 

studies that use physical tests of urine or blood to measure adherence. Patients were 

often not reported to be on optimal hypertensive therapy, and the methodology of drug 

dosage assessment is typically not reported. For physical tests, timing of sampling after 

drug intake is not clearly defined. Furthermore, influence of pre-analytical factors 

(procedures that occur prior to sample analysis that may produce erroneous results, e.g. 

patient identification, physical sample collection, sample preparation and handling etc.) 

and pharmacokinetics on the level of drugs detected were not discussed. For the 

majority of studies, patient consent for adherence assessment was not adequately 

explained. No study provided information about patient agreement with the medication 

regimen. No study distinguished between under- and over-use of medications.  

Prevalence of Non-Adherence 
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The prevalence of non-adherence varied between the studies, ranging from 3.3% 

[32] to 86.1% [20]. The lowest estimate of non-adherence was measured by MPR; the 

highest was measured using a physical test of urine.  

The pooled prevalence of non-adherence was 31.2% [95% C.I. = 20.2–44.7] 

with the REM. This analysis revealed significant heterogeneity across studies (I2=99.50, 

p<.001). To evaluate the robustness of the association results, we performed a leave-

one-out sensitivity analysis by iteratively removing one study at a time and 

recalculating the pooled prevalence estimate. The pooled estimate remained stable, 

indicating that results were not driven by any single study. 

No study examined the consequences of non-adherence for aTRH; however 

several studies examined differences in BP between adherent and non-adherent groups 

[16,18,22-24,31,34,36,37]. Only six studies examined determinants of non-adherence 

beyond baseline BP [16,24,31,34,36,37]; these suggested that age, sex, race, income and 

other socioeconomic indicators, and heart rate were all associated with non-adherence to 

antihypertensive therapy.   

Subgroup Analyses  

All studies provided sufficient information to perform subgroup analysis by (1) 

type of adherence measure; (2) study setting; and (3) definition of RH. There was no 

significant association between adherence measures and study settings (2=18.67, 

p=.18, V=.62), adherence measure and definition of RH (2=8.67, p=.28, V=.60), or 

study setting and definition of RH (2=1.07, p=.59, V=.21).  

Adherence measures. Seven types of adherence measures were employed across 

studies. The most common measure was a physical test [16-18,20,22-24,34,37], 

typically assessed using liquid chromatography–mass spectrometry in either blood or 
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urine. Studies using this type of measure defined non-adherence as at least one drug 

below detectable levels; all differentiated between partial and complete non-adherence. 

Three studies used DOT [19,21,26] (i.e., witnessed taking of drugs in a clinic setting 

followed by ambulatory BP monitoring with a drop in BP suggesting non-adherence); 

three used a combination of self-report and objective measures [25,31,38]; two used 

MEMS [27,30]; two used physician interview [29,33]; two used prescription refill data 

[28,35]; two used self-report scales [36,39]; and one used MPR ( i.e. the number of 

doses of a given medication taken over a specific time period, divided by the number of 

days in that period) [32] to measure adherence. Studies using MEMS or refill data 

generally defined non-adherence as >80% of doses collected. Each study’s operational 

definition of non-adherence is described in Table 1.  

The highest pooled non-adherence estimates were observed for physical tests 

(47.9%, k=9) and DOT (44.6%, k=3). The lowest estimate was observed for the MPR 

study (3.3%). The pooled non-adherence estimate for combination measures was 33.4% 

(k=3). See Figure 3 for Forest plot.   

------------------------------------- 

Figure 3  

------------------------------------- 

Given the diversity of measures, and the discrepancies between the non-

adherence estimates they produced, we performed a sensitivity analysis excluding 

studies that used less reliable and/or valid measures of adherence (i.e. self-report and 

MPR). With these measures excluded, the summary estimate of non-adherence 

remained stable at 31.1% (95% C.I. =24.9-38.1, k=21) and between study heterogeneity 

remained significant (I2=99.56, p<.001). Furthermore, we conducted a separate analysis 

using direct measures of adherence only (i.e. D.O.T, physical tests, and combination 

measures). As expected the summary estimate for these measures was higher than the 
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overall estimate (45.7 % non-adherence, 95% C.I. =36.1-55.1, k=15) and heterogeneity 

remained significant (I2=90.22, p<.001). 

Study setting. Four studies were set in primary care [18,28,30,35], ten in general 

hospitals [20-23,25,27,32,36], and ten in referral clinics [16,17,19,24,26,33,34,38-40]. 

The lowest estimates were observed for studies set in primary care (25.8%, k=4); the 

highest for studies set in referral clinics (34.1%, k=11). The estimate for studies set in 

general hospitals was 29.2% (k=9). See Figure 4 for Forest plot.   

------------------------------------- 

Figure 4  

------------------------------------- 

Definition of resistant hypertension. Seven studies adhered to the 

AHA/ESH/ESC definition of RH [16,28,31,34-37]. There was no significant difference 

between pooled estimates for studies that used the AHA/ESH/ESC definition (30.5%, 

95% C.I.=13.7–54.9, I2=99.83, k=7) and studies that used other definitions (32.1%, 

95% C.I.=22.5–43.5, I2=91.96, k=17).  

Discussion 

These findings suggest that, depending how adherence is measured, 

approximately 31% of cases of aTRH may be potentially explained by poor adherence. 

In the studies using objective indicators such as bioassays we estimated that this non-

adherence figure is closer to 50%. While there are numerous caveats to this analysis, 

these findings from a broad range of studies from throughout the world suggest that a 

substantial proportion of those currently diagnosed with and treated for RH may not 

have the condition. Therefore it is likely that treatment intensification in those with 

hypertension who appear not to be responding to treatment may be frequently 

unwarranted where non-adherence has not been assessed.    



 

100 

 

 

Adherence is recognised as a key factor in the effectiveness of antihypertensive 

medication; however, unreliability of adherence assessment has limited its use in 

clinical practice [41]. A diverse range of adherence assessment methods were used 

across studies, and the type of measure used to assess adherence had a significant 

impact on non-adherence estimates. Physical tests of urine or blood were by far the 

most common, with 9 studies using this method as the sole assessment, and 3 additional 

studies using physical tests in conjunction with self-report measures. Direct measures, 

i.e. physical tests and DOT, yielded the highest estimates, while MPR and pharmacy 

data yielded the lowest estimates. Although different measures yield highly variable 

estimates of non-adherence, each measure provides important information that can 

contribute to our understanding of non-adherence in different ways. For example, 

although MEMS have been touted by some as a gold standard, the measure recorded is 

not a direct confirmation that a pill has been taken but merely the container has been 

opened; as such, they tell us nothing about those who intentionally modify or skip 

doses. Although physical tests can confirm that a patient has swallowed their 

medication, these measurements give only a single snapshot of behaviour and so daily-

life adherence between visits may be under- or overestimated. Furthermore, certain 

pharmacokinetic considerations must be made when interpreting results of these tests 

for different antihypertensive agents. Additionally, although self-report measures are 

subject to a host of biases, they have the potential to elucidate reasons for non-

adherence (e.g., illness perceptions, treatment-related beliefs, or cognitive deficits) in a 

way that more objective measures cannot. Therefore it is unlikely that there will be a 

single-gold standard measure that will not make some trade-off on reliability or validity. 

Interestingly, studies that used a combination of physical and self-report measures 
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yielded an estimate closest to the total summary estimate; perhaps suggesting that a 

combination of objective and subjective measures is the best way to accurately 

determine non-adherence.  

The definition of RH varied substantially between studies. Though this was not a 

significant moderator of non-adherence estimates, this selective observance of the 

established definition of RH should be considered. The most frequent way in which 

individual study definitions of RH differed from that put forward by the 

AHA/ESH/ESC was the exclusion of patients who required four or more 

antihypertensive agents to achieve BP control. Exclusion of this important subgroup of 

aTRH patients has limited the conclusions we can draw regarding the impact of non-

adherence for aTRH; in fact it may be that the proportion of RH accounted for by non-

adherence would have been higher had these patients been more consistently accounted 

for within these studies.   

This current review identified that certain study-level characteristics moderate 

non-adherence estimates. However, only six of the included studies examined potential 

patient-level predictors of non-adherence, and none of these looked beyond basic 

demographic factors such as age, sex, race or indicators of socioeconomic status. 

Though some research has examined patient-level factors affecting non-adherence in 

hypertension (e.g. [42]), to date the aTRH literature has largely neglected intensive 

study of non-adherent patients. The primary focus of these studies has been to identify 

patients whose hypertension is truly resistant to pharmacological treatment. Though this 

is a critical movement within the study of hypertension, it is insufficient to identify non-

adherence among aTRH patients without intention to intervene. Patients who are non-

adherent to their antihypertensive medications may not be truly resistant; they are, 
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however, still at elevated cardiovascular risk relative to those whose blood pressure is 

under control. Little attention has been paid to patient-level factors that affect non-

adherence for aTRH patients; this is an important limitation of the literature that merits 

consideration. Investigation of potential predictors of non-adherence for aTRH, using 

well-established theoretical frameworks and a diversity of measures of adherence, is 

necessary to inform the development of behaviour-change strategies to promote optimal 

adherence [43-45], decrease risk of adverse cardiovascular events, and reduce 

unnecessary prescribing and economic burden on the healthcare system.   

In addition to the measurement challenges, there are several additional 

limitations to be considered. The study of medication adherence for aTRH is increasing 

rapidly; as such, this review is somewhat limited by the exclusion of articles published 

after January 2016. However, given that the majority of studies included in this meta-

analysis were published within the last 5 years, we can tentatively assume that these are 

methodologically consistent with more recently published articles that might have been 

included.  The majority of studies we included were descriptive in nature; it has been 

argued that study bias may be even more confounding for observational studies, and so 

assessing risk of bias for this type of review is critical. However, there are fewer well-

established tools available for assessing quality and risk of bias for observational 

studies, as compared to tools for assessing randomised control trials. For this reason we 

used broad criteria identified in a systematic review by Sanderson, Tatt and Higgins 

[11]; however, given that a variety of study designs were included, applying the same 

assessment criteria to all studies proved difficult. Furthermore, given the broad 

inclusion criteria, the vastly different ways of measuring adherence behaviour, and that 

aTRH as a condition remains poorly defined in the literature, it is unsurprising that the 
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studies included were significantly heterogeneous and that certain sub-groups were 

considerably smaller ( particularly for MPR, MD interview and MEMS). However, to 

forgo the meta-analysis because of heterogeneity in this instance fails to address the 

question of how exactly to synthesise this data in a meaningful and useful way [46]. A 

further limitation is that many studies failed to include patients who are taking 4 or 

more medications in their analysis, we did not exclude such papers, but it should be 

noted that more recent evidence suggests that the more medications you take -the less 

adherent you are likely to be [47]. 

 

Limitations notwithstanding, this review had several important strengths. The 

systematic approach taken ensures that the existing body of literature has been 

accurately represented, and the statistical techniques employed attempt to explain the 

considerable variability within this literature. Furthermore, the review was conducted by 

a multidisciplinary team that included behavioural scientists and clinicians involved in 

the care of people with aTRH. This wealth of methodological and clinical knowledge 

allowed for a diversity of views to be represented during the review process, and has 

resulted in a review with important implications not only for health science but also 

clinical practice.  

The present study represents the first attempt to systematically synthesise the 

disparate range of studies that have estimated the prevalence of non-adherence in aTRH. 

The findings provide an imprecise estimate of non-adherence for this condition. The 

current evidence suggests that a substantial proportion of people receiving 

pharmacological treatment for hypertension may not be adherent, and therefore may be 

inappropriately classified as having aTRH. Given the considerable economic cost of 
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treating hypertension, greater effort must be made to predict non-adherence and 

intervene with those who choose or simply forget to take their antihypertensive 

medication.  
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Figure Legend 

 

Figure 1. PRISMA flow diagram 

Figure 2. Risk of bias graph 

Figure 3. Forest plot for subgroup analysis of medication non-adherence estimates by 

adherence measure 

Figure 4. Forest plot for subgroup analysis of medication non-adherence estimates by 

study setting  
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Table 1.  

Summary of Articles Reporting on Medication Non-Adherence for aTRH 

Author & 

year 

Design Setting Sample Definition of 

RH 

Ave. no. of 

medications 

Adherence 

measure 

Non-

adherence 

definition 

N non-

adherent (%) 

Influencing 

factors 

Beaussier et 

al., 2015 

Prospective 

randomised 

parallel-

group open-

blinded 

endpoint trial 

General 

hospital 

Paris, France 

164 SBP ≥140 or 

DBP ≥90 on ≥3 

meds incl. 1 

diuretic 

/ Combination:  

 Physical 

test 

(plasma)  

 Physical 

test (urine)  

 Patient 

interview  

 Pill count  

Sum of 4 

items (max. 

score = 4) 

Score <2  30 (18.3) / 

Brinker et 

al., 2014  

Retrospective 

cohort 

General 

hospital 

TX, USA 

56 AHA/ESH/ESC  5.3 ± 0.7 

(non-

adherent)  

TDM Levels of 

≥1 

medication 

30 (53.6) 

 Undetectable 

levels of ≥1 

 Younger age 

 Higher DBP 
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 4.2 ± 0.4 

(adherent) 

below 

minimal 

detection 

limit 

med: n = 12 

(21.4) 

 Undetectable 

levels of all 

meds: n = 18 

(32.2) 

 Higher heart 

rate 

Bunker et al., 

2011  

Prospective 

cohort 

Referral 

clinic 

London, UK 

37 SBP ≥140 or 

DBP ≥90 on ≥3 

meds incl. 1 

diuretic  

5 (3 – 7)  DOT Clinically 

significant 

reduction in 

BP 

following 

witnessed 

drug taking 

23 (62.2) / 

Burnier et 

al., 2001  

Prospective 

cohort  

General 

hospital 

Lausanne, 

Switzerland 

41  SBP ≥140 or 

DBP ≥90 on ≥3 

drugs on two 

consecutive 

/ MEMS <80% days 

covered 

3 (7.0) / 
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clinic visits 1 

month apart 

Ceral et al., 

2011 

Retrospective 

cohort 

Referral 

clinic,  

Prague, 

Czech 

Republic 

84 SBP ≥150 or 

DBP ≥95 on ≥3 

drugs 

5.0 ± 1.2 Physical test 

(serum) 

Levels of 

≥1 

medication 

below 

minimal 

detection 

limit 

55 (65.5)  Younger age 

 Higher BP 

 Higher heart 

rate  

Daughtery et 

al., 2012 

Prospective 

cohort 

Large 

population 

database 

(primary 

care) 

CA & CO, 

USA 

3548 AHA/ESH/ESC / Pharmacy 

data 

<80% days 

covered 

1504 (42.4) / 
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de Souza et 

al., 2009 

Prospective 

cohort 

Referral 

clinic 

Sao Paulo, 

Brazil 

44 SBP ≥140 or 

DBP ≥90 on ≥3 

meds incl. 1 

diuretic on two 

consecutive 

clinic visits 

5.4 ± 1.1 Combination:  

 Pill count 

 Self-report 

(MMAS-

4) 

 <80% 

days 

covered 

 Score <4  

 Pill count: 16 

(36.4) 

 MMAS-4: 28 

(63.6) 

/ 

Elmula et al., 

2013 

 Referral 

clinic 

Oslo, 

Norway  

18 SBP >140 on ≥3 

meds incl. 1 

diuretic at 

maximum or 

highest tolerated 

dose 

5 (3 – 7) DOT Clinically 

significant 

reduction in 

BP 

following 

witnessed 

drug taking 

3 (16.7) / 

Ewen et al., 

2015a  

Prospective 

cohort 

General 

hospital 

Germany 

27 SBP >140 on ≥3 

meds incl. 1 

diuretic at 

maximum or 

5.0 ± 1.6 Physical test 

(plasma 

and/or urine) 

Levels of 

≥1 

medication 

below 

minimal 

15 (55.6) 

 Undetectable 

levels of ≥1 

med: n = 15 

(55.6) 

No sig. 

differences 
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highest tolerated 

dose 

detection 

limit 

 Undetectable 

levels of all 

meds: n = 0  

Ewen et al., 

2015b  

Prospective 

cohort 

General 

hospital 

Germany 

100 SBP >140 on ≥3 

meds incl. 1 

diuretic at 

maximum or 

highest tolerated 

dose 

5.2 ± 1.4 Physical test 

(plasma 

and/or urine) 

Levels of 

≥1 

medication 

below 

minimal 

detection 

limit 

48 (48.0) 

 Undetectable 

levels of ≥1 

med: n = 46 

(46.0) 

 Undetectable 

levels of all 

meds: n = 2 

(2.0) 

No sig. 

differences 

Florczak et 

al., 2015  

Prospective 

cohort 

General 

hospital 

Warsaw, 

Poland 

36 SBP >140 on ≥4 

meds 

5.3 ± 1.4 Physical test 

(serum) 

Levels of 

≥1 

medication 

below 

minimal 

31 (86.1) 

 Undetectable 

levels of ≥1 

med: n = 26 

(72.2) 

/ 
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detection 

limit 

 Undetectable 

levels of all 

meds: n = 5 

(13.9) 

Garg et al., 

2005 

Retrospective 

cohort 

Referral 

clinic 

IL, USA 

141 SBP ≥140 or 

DBP ≥90 on ≥3 

meds 

3.7 ± 0.9 MD 

interview 

Physician 

determines 

the patient 

is non-

adherent 

(not taking 

meds as 

prescribed 

or stopping 

meds 

without 

physician’s 

direction) 

23 (16.0) / 
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Grigoryan et 

al., 2013 

Prospective 

cohort 

Primary care  

TX, USA 

69 SBP ≥135 or 

DBP ≥85 

(≥125/75 if 

diabetic) on ≥3 

meds 

/ MEMS <80% days 

covered 

20 (29.0) / 

Hameed et 

al., 2016  

Retrospective 

cohort 

Referral 

clinic 

Birmingham, 

UK 

48 SBP ≥140 or 

DBP ≥90 on ≥3 

meds 

5 (4 – 5) DOT Clinically 

significant 

reduction in 

BP 

following 

witnessed 

drug taking 

24 (50.0) / 

Irvin et al., 

2012  

Prospective 

cohort 

Large 

population 

database 

(primary 

care) 

USA  

2654 AHA/ESH/ESC / Self-report 

(MMAS-4) 

Score ≥2 215 (8.1)  Black race 

 Lower 

education 

 Income < 

$20,000 p/a 
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 Depressive 

symptoms 

 History of 

CHD 

 Comorbidities 

Jung et 

al.,2013 

Cross-

sectional 

Referral 

clinic 

Frankfurt, 

Germany  

76 Office BP 

≥140/90 or 

ABPM ≥130/80 

on ≥4 meds 

5 (IQR 4 – 6)  Physical test 

(urine)  

Levels of 

≥1 

medication 

below 

minimal 

detection 

limit 

40 (52.6) 

 Undetectable 

levels of ≥1 

med: n = 28 

(36.8) 

 Undetectable 

levels of all 

meds: n = 12 

(15.8) 

 Higher BP 

 Higher heart 

rate  

Massierer et 

al., 2012 

Cross-

sectional 

Referral 

clinic 

Brazil 

106 SBP ≥140 or 

DBP ≥90 on ≥3 

meds in right 

/ Self-report 

(MMAS-4) 

Score ≥3 21 (19.8) / 
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doses incl. 1 

diuretic 

Pandey et al., 

2015 

Retrospective 

cohort 

Referral 

clinic 

TX, USA 

47 AHA/ESH/ESC / Combination: 

 TDM 

 MMAS-8 

Levels of 

≥1 

medication 

below 

minimal 

detection 

limit 

24 (51.0) 

 

 Younger age 

 Female sex 

 Higher heart 

rate 

Porter et al., 

2014  

Pre-post 

intervention 

Referral 

clinic 

NC, USA 

60 SBP ≥140 or 

DBP ≥90 

(≥130/80 if 

diabetic) on ≥3 

meds 

3.8 ± 1.2  MPR <80% days 

covered  

2 (3.3) / 

Rosa et al., 

2014 

Cross-

sectional 

Referral 

clinic 

122 SBP ≥140 or 

DBP ≥90 on ≥3 

meds in 

/ Physical test 

(blood) 

Levels of 

≥1 

medication 

below 

27 (22.1)  

 Undetectable 

levels of ≥1 

/ 
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Prague, 

Czech 

Republic 

maximum doses 

incl. 1 diuretic 

minimal 

detection 

limit 

med: n = 10 

(8.2) 

 Undetectable 

levels of all 

meds: n = 17 

(13.9) 

Sim et al., 

2013 

Prospective 

cohort 

Large 

population 

database 

(primary 

care)  

CA, USA 

60327 AHA/ESH/ESC / Pharmacy 

data 

<80% days 

covered 

4223 (7.0) / 

Strauch et 

al., 2013 

Cross-

sectional 

Referral 

clinic 

Prague, 

Czech 

Republic 

339 

 176 

inpatient 

 163 

outpatient 

AHA/ESH/ESC  Inpatient: 

2.5 ± 1.4  

 Outpatient: 

5.2 ± 1.3   

Physical test 

(blood) 

Levels of 

≥1 

medication 

below 

minimal 

Inpatient:  

 Undetectable 

levels of ≥1 

med: n = 18 

(10.0) 

 Nonworking 

status 

 Lower 

education 

 Younger age 
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detection 

limit 

 Undetectable 

levels of all 

meds: n = 16 

(9.0) 

Outpatient:  

 Undetectable 

levels of ≥1 

med: n = 39 

(24.0) 

 Undetectable 

levels of all 

meds: n = 37 

(23.0) 

Velasco et 

al., 2015 

Prospective 

cohort 

Referral 

clinic 

TX, USA 

78 AHA/ESH/ESC 4.4  TDM Levels of 

≥1 

medication 

below 

minimal 

43 (55.1)  Younger age 

 Higher DBP 

 Higher heart 

rate 

 Female sex 
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detection 

limit 

Yakovlevitch 

& Black, 

1991 

Retrospective 

cohort 

Referral 

clinic 

91 SBP ≥140 or 

DBP ≥90 on ≥3 

meds 

/ MD 

interview 

Patients 

admitted 

not taking 

medications 

according to 

the 

prescribed 

schedule 

and/or 

stopping 

medications 

without 

consulting a 

physician 

9 (9.9) / 
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Figure 2.  
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Figure 3.   
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Figure 4.  
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Abstract 

Introduction 

To confirm treatment resistant hypertension (TRH), ambulatory blood pressure 

measurement (ABPM) must exclude white coat hypertension (WCH), three or more 

medications should be prescribed at the optimal doses tolerated, and non-adherence and 

lifestyle should be examined. Most previous studies have not adequately considered these 

features of pseudo-resistance and provide an apparent TRH (aTRH) prevalence figure.  

Aim 

We conducted a cross sectional study of the prevalence of aTRH in general practice, 

utilizing the appropriate definition, and then consider pseudo-resistance and morbidity. 

Design and Setting 

With support, 16 practice ran an Anatomical Therapeutic Chemical (ATC) drug search, 

identifying patients on any possible hypertensive medications, and then a search of 

individual patient’s electronic records took place.  

Method 

ABPM was used to rule out WCH. The World Health Organisation-Defined Daily Dosing 

guidelines determined adequate dosing. Adherence was defined as whether patients 

requested nine or more repeat monthly prescriptions within the last year.  

Results 

Sixteen practices participated (n=50, 172), and 646 patients had aTRH. Dosing was 

adequate in 19% of patients, and 80% were adherent to medications, as defined by 

prescription refill and 43% ever had an ABPM. Using a BP cut-off of 140/90 mm Hg the 

prevalence of aTRH was 9% (95%CI = 9.0-10.0).Consideration of pseudo-resistance 

further reduced prevalence rates to 3% (95%CI = 3.0-4.0). 
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Conclusions 

Reviewing individual patient records results in a lower estimate of prevalence of TRH 

than has been previously reported. Further consideration for individual patients of 

pseudo-resistance, additionally lowers these estimates, and may be all that is required for 

management in the vast majority of cases. 

 

 

Key words: hypertension; pseudo-resistance, adherence; cross-sectional study; primary 

care. 
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Where this fits in 

Both the American Heart Association (2008) and the UK National Institute for Health and 

Care Excellence (2011), suggest the need for further research into the prevalence, 

prognosis and management of people with treatment-resistant hypertension (TRH) . 

Prevalence estimates typically lie between 10-30% of hypertensive patients, however; the 

three main factors of pseudo-resistance (non-adherence, inadequate dosing, and white 

coat hypertension) are rarely examined. 

We have shown that these factors can be reviewed for individual patients, and physician 

evaluation may be all that is required in considering TRH in the majority of cases. 
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Introduction 

Treatment Resistant Hypertension (TRH) is defined, by the American Heart Association 

and European Society of Cardiology (AHA/ ESC), as high blood pressure (BP) in patients 

taking 3 or more differing groups of anti-hypertensive medications (one of which must be 

a diuretic type medication) or patients who are taking four or more anti-hypertensive 

medications regardless of type and BP level [1, 2]. BP levels need to be adapted to 

specific morbidity (e.g. diabetes), ambulatory blood pressure measurement (ABPM) must 

exclude white coat hypertension (WCH), doses should be the optimal tolerated for each 

particular medication, and both non-adherence and lifestyle should be examined [1, 3-5]. 

When these pseudo-resistance issues[6] have not yet been ruled out as a potential cause 

for the ongoing high blood pressure, the term apparent Treatment Resistant Hypertension 

(aTRH) is used. aTRH can be considered as an over diagnosis – a concept which is 

gaining increasing attention[7]. True Treatment Resistant Hypertension (tTRH) estimates 

will clearly be lower.  

 

A recent meta-analysis[8] estimating the prevalence of aTRH in various hypertensive 

populations suggests a prevalence, for 20 observational cohorts, of 13.7% and, for four 

randomized trials, of 16.3% [9]. However the individual studies were very heterogenous 

(I2 > 90%) with prevalence estimates varying between 4%- 25%[10, 11]. There were 

many reasons for this. First, the definition of aTRH varied, as some simply included those 

on three medications without specifying the need, as required, for a diuretic[12], while 

others ignored those on four or more medications with a normal BP[4]. Second, many 

studies utilized large Health Insurance databases [12] or BP Registries [4], and this can 

create a selection bias. Furthermore some population studies are based on questionnaire 

and survey approaches only [10, 13]. Third, a general cut off was often used to define 

hypertension (e.g. ≥ 140/90 mm Hg), without considering individual morbidities such as 
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diabetes or chronic kidney disease (CKD) which require a lower threshold (130/80 

mmHg). It is now also accepted that patients > eighty years should have a higher 

threshold of 150/ 80 mmHg[14]. Fourth, ABPM is essential to rule out WCH [15], but in 

most studies manual BP readings are solely used. Additional criticism includes the lack of 

consideration of optimal medication dosing and patient adherence [16]. 

 

The authors therefore conducted a cross sectional study of the prevalence of  TRH in 

general practice (GP), utilizing the correct AHA/ ESC definition, and with consideration 

of individual patient morbidity, and the three key aspects of pseudo-resistance, WCH, 

inadequate dosing and non-adherence. 

 

Methods 

Forty general practices in the university affiliated research network WestREN, 

representative of the Irish population, were invited to participate[17]. All used the same 

practice software system (Socrates®) and the International Classification for Primary 

Care (ICPC-2) coding of chronic diseases.  Data was collected between May 2015 and 

October 2016, and this work fulfilled for the general practitioners, the Irish Medical 

Council requirement to conduct an annual audit.  

Ireland does not have universal registration with a GP. Almost 45% of the population is 

registered through the Primary Care Reimbursement Service (PCRS)[18], with the 

remainder being described as private patients and able to see any GP. All patients aged 

over eighty years, and those below defined income levels (less than € 500 [£444] gross 

per week for a single person; € 900 [£798] gross per week for a couple) are registered 

with the PCRS. The authors therefore included in the cross sectional sample all PCRS 

patients and those private patients who had attended the practice in the last year.  
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The authors supported each practice in fulfilling the annual audit requirements of the Irish 

Medical Council. Each practice ran a standard Anatomical Therapeutic Chemical (ATC) 

drug search identifying patients on any possible hypertensive medications as defined by 

the British National Formulary[19].The record of each individual patient who was 

reported as being on one or more hypertensive medications was reviewed and it was 

determined if they were hypertensive or not and what hypertensive medications they were 

currently receiving. Two researchers PH and MC supported each practice in this process 

to ensure consistency.  

Patients were described as having diabetes if they had ICPC codes T89 (diabetes insulin 

dependent) or T90 (diabetes non-insulin dependent) or were taking insulin or oral 

hypoglycemic agents. Patients were described as having CKD if an estimated Glomerular 

Filtration Rate (eGFR) less than 60mls/ min/ 1.73m2 was recorded.  Patients were 

described as having cardiac failure if they had ICPC code K77 or were noted to have this 

condition on hospital correspondence. This figure would only include those with an initial 

secondary care diagnosis of heart failure. 

The following blood pressure thresholds were utilized for those on 3 or more appropriate 

medications, and the latest recorded manual clinic reading was the parameter used: 

 Manual office blood pressure for patients ˂ 80 years:   

≥140/90 mmHg 

 Manual office blood pressure for patients > 80 years:   

≥150/80 mmHg 

 Manual office blood pressure for patients with diabetes or CKD:   
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≥130/80 mmHg; and 

 24 hour ABPM (day time mean with a minimum of 14 BP readings):   

≥ 135/85mm Hg  

WCH was a concern and those with elevated clinic blood pressure readings but normal 

ABPM reports within the previous 6 months, without significant medication changes, 

were excluded at initial discovery stage. 

The World Health Organisation Defined Daily Dosing (WHO-DDD) guidelines were 

used to determine whether adequate dosing was achieved[20].The DDD is the assumed 

average maintenance dose per day for a drug, used for its main indication, in adults. Egan 

et al. adopted a slightly different approach, as they sought to determine the numbers of 

patients who were receiving, for each medication, diuretics apart, at least half the 

maximum doses [5]. We present both approaches. 

 

Adherence to anti-hypertensive medications was determined by prescription – refill data. 

Patients requesting nine or more repeat monthly prescriptions within the past year were 

deemed adherent. Prescriptions are mainly dispensed quarterly, therefore the authors 

chose adherence as > 75% scripts as opposed to the standard 80%. Using prescription 

refill data is a simple, inexpensive and valid way to assess adherence [21]. 

 

Statistical analysis 

The authors utilized a fixed-effect (FE) model to estimate overall prevalence from the 

practices.  The fixed-effect rather than random-effects (RE) was chosen given the cross 

sectional design, the strict geographical inclusion criteria for practices, the similarity of 

patient covariates across practices and the fact that estimation of prevalence of aTRH is 

https://en.wikipedia.org/wiki/Maintenance_dose
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the main objective rather than the analysis of heterogeneity. In fact the results from both 

models were very similar (data available on request). To account for adherence and 

adequate dosing, and various co-morbidities, the authors performed regressions at the 

individual patient level on figures taken from the initial aTRH meta-analysis (figure 2). 

Here once again the results from both models (FE and RE) were very similar. Statistics 

were analyzed in R. 

 

Results 

 

Sixteen practices participated with an estimated total population of 50, 172; of these 31, 

157 were registered with the PCRS. Figure 1 provides a flow chart. 2, 807 patients were 

on three or more medications and of these 646 (9.6%) were deemed to have aTRH. Table 

1 illustrates the characteristics of those with aTRH. They were largely elderly (mean age 

71 years) and male (53.7%) with PCRS eligibility (81.7%). 43% had ever had an ABPM. 

Figure 2 illustrates a meta-analysis of prevalence by practice utilizing a general threshold 

of ≥140/90 mmHg for all those without diabetes or CKD, who had a lower target BP of 

≥130/80 mmHg. The FE model suggests, with significant heterogeneity, a combined 

prevalence of 10% (95% CI = 9.3-10.8%).  

 

Table 2 illustrates their medication particulars. In all, 43.7% were on three medications 

only, with 56.9% were taking at least one combined medication; 80% appeared to be 

adherent, having had nine or more monthly prescriptions printed in the last twelve 

months. According to the WHO-DDD guidelines, 19% achieved adequate dosing for each 

hypertensive medication, whereas 67.9% achieved adequate dosing when a parameter of 

> 50% maximum dose in all medications, diuretics apart, is used. A nine-practice subset 
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showed 93% of patients with TRH were on a stable medication regime for ≥ 3 month at 

the study onset. 

Table 3 describes dosing, according to drug class. Renin-angiotensin-aldosterone-system 

(RAAS) drugs had high levels of adequate dosing – ACE-inhibitors (93%) and 

angiotensin receptor blockers (95%) - in comparison to beta- blockers (31%) and 

thiazides (43%). The most common thiazide drug was hydrochlorthiazide (56% of all 

thiazide medications) which is frequently found in combination drugs. Mineralocorticoid 

antagonists were rarely utilized (7%). 

 

Table 4 illustrates the FE meta-analysis of prevalence of aTRH in the cohort after 

parameters for morbidity, age, non-adherence and inadequate dosing were applied. 

 

Discussion 

Summary 

The authors have found that reviewing individual general practice patient records results 

in a lower estimate of the prevalence of TRH than has been generally previously 

reported[8]. This lower prevalence estimate is consistent with a recent estimate of 6.5% 

from an analysis of the electronic health records from the UK Clinical Practice Datalink 

in Primary Care [22]. Consideration for individual patients of additional criteria such as 

morbidity, dosing, exclusion of white coat hypertension and adherence, our work lowers 

these estimates even further. This suggests that TRH is an uncommon condition in GP 

and use of ABPM, adequate dosing and maximising adherence may be all that is required 

for the management of the vast majority of cases. It could be argued that optimising doses 

in patients with aTRH may not lead to improvements for all, as many patients may have 

tried more suitable doses and had medication side effects-appropriate inaction. The 
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authors accept this point, however; Gil-Guillean et al. suggest that physician inertia to up-

dose is a significant problem (70% of the time) [23]. The WHO-DDD guidelines were 

used to determine whether adequate dosing was achieved[20]. Egan et al. adapted a 

different approach, as they sought to determine the numbers of patients who were 

receiving, for each medication, apart from diuretics, at least half the maximum dose [5]. 

This of course had a lower threshold for adequate dosing and a greater number of patients 

were deemed to be optimally dosed. It could be argued that the WHO-DDD for many of 

the more side effect prone drugs such as beta blockers and thiazide diuretics are too 

stringent. Many older patients do not tolerate such doses and are therefore rarely escalated 

to these levels for fear of significant side effects such as falls. Indeed data presented in 

Table 3, where RAAS, calcium channel blockers (CCB’s) and alpha- blockers each 

achieve adequate WHO dosing in excess of 90%, suggests practitioners are adopting this 

pragmatic approach. The authors also note that improving dosing may not actually affect 

blood pressure levels, but it is hard to quantify this [24].  

It could also be argued that the failure to use mineralocorticoid receptor antagonist drugs 

to treat TRH in this group, may be partially down the inability of practitioners to 

adequately measure serum potassium levels. This is especially true when serum samples 

have a prolonged practice-laboratory transport time, as haemolysis is common. The 

provision of centrifuge devices to practices, can help delay the onset of haemolysis in 

samples that are spun. There are however an associated recurring cost to providing these. 

The authors had anticipated that the outcome of this study would be referring a significant 

number of patients for specialist opinion. This did not materialise which suggests that 

perhaps TRH is over diagnosed. 
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Strengths  

In their systematic review, Achelrod et al. identified a number of important limitations in 

studies reviewing the prevalence of TRH [8]. An important contribution of the present 

study is how the authors have addressed these, utilising the AHA/ ESC definition. He 

highlighted that sampling frames utilised were often limited to those of convenience, 

referral centres or specific health plans with often a focus on high risk patients. Reliance 

on large electronic insurance databases may result in the inclusion of more affluent 

patients. These factors constitute a source of selection bias and limited external validity. 

The authors have followed his recommendation in developing a prospective survey of a 

‘clustered sample of participants from the general treated hypertensive population’. Also 

highlighted was the failure of observational studies to consider adherence and WCH. We 

have applied both the WHO-DDD guidelines and those of Egan et al. [5] to determine 

whether adequate dosing was achieved. Recent ABPM results where available were used 

to exclude WCH at initial patient discovery stage. 

Limitations 

Limitations of our study include the use of sixteen practices from one geographical region 

with an overwhelming white European population; the labour intensive approach of 

individual patient record review necessitated this approach. The lack of universal 

registration or a unique health identifier in Ireland posed difficulties in determining a 

population denominator.  Retaining only those private patients who had attended in the 

past year, is clearly an arbitrary but, the authors believe, pragmatic decision. It may 

overestimate the levels of adherence.  Like most other similar studies, the authors were 

unable to report exercise or dietary patterns.  
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The refusal of a patient to collect a prescription cannot be quantified by analysing 

prescription re-fill data, as this type analysis only examines whether a prescription is 

printed or not. It should also be noted that those who are private patients, in the context of 

the Irish health service, cannot be included in this type analysis as they can potentially get 

their prescriptions from any source (other general practitioners or hospital specialists). 

The definition of CKD was with one, rather than two, eGFR readings of ˂ 60mls/ min/ 

1.73m2. This is problematic as GFR is a variable measure, and a single reading can also 

be unreliable, especially if the patient has an underlying acute kidney injury, at the time 

of analysis. An eGFR ˂ 60mls/ min/ 1.73m2, in combination with evidence of significant 

proteinuria would be provide stronger evidence for the existence of CKD [25]. Clearly, 

the method used here of identifying patients with CKD, could overestimate CKD 

prevalence, which in turn will overestimate TRH. The diagnosis of heart failure is also a 

pragmatic one; future studies may choose to use Echo criteria, which are increasingly 

available in primary care 

 

Comparison with existing literature 

The operability of the AHA/ ESC definition of TRH is difficult in routine practice. Even 

after reviewing individual general practice records, it is difficult to establish whether the 

dosing levels were the maximal tolerated. In addition, the routine standardised recording 

of lifestyle factors such as diet and exercise, is not reliable. As a third issue, definitions 

should perhaps also include guidance about the duration of treatment in order for patients 

to qualify as having TRH (i.e. ≥ 3 months stable on requisite medications). Consideration 

could be given to developing a version of the AHA/ ESC definition which can be easily 

applied and audited in routine GP. 
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Holmqvist et al. described in a Swedish registry-based cohort study of 48 practices the 

prevalence of aTRH in 53, 090 hypertensive patients [26]. Applying the AHA/ ESC 

definition, found a prevalence of 17%. Consideration of adherence via pharmacy re-fill 

data reduced the prevalence to 9%. The level of morbidity (e.g. diabetes) and type of 

medication used in this contemporaneous Swedish group is very similar to our own. 

Mineralocorticoid antagonists were used in 8% of Swedish patients and 7% of Irish. The 

AHA guidelines emphasise the role that these drugs can play in the management of 

primary aldosteronism in patients with TRH [2]. However, they require close monitoring 

and our data suggest that GP’s are preferring, as a fourth agent, alpha-blockers. The 

impact of this strategy on patient outcomes requires evaluation. Daugherty et al. 

conducted a key retrospective cohort study of 23, 912 patients with hypertension enrolled 

in two US health plans between 2002 and 2006[12]. A prevalence of 16% was determined 

– as with Holmqvist et al. However, consideration of dosing or WCH was not performed. 

In comparison to the Irish and Swedish groups, RAAS and alpha-blockers were less 

frequently used at 69% and 10% respectively. The usage of mineralocorticoid antagonists 

was not reported. National variations in drug group usage patterns may provide accessible 

longitudinal observational data of combined drug class efficacy for patients with TRH. 

Implications for Research/Practice 

 

The authors have shown that reviewing individual general practice patient records is 

feasible and results in lower estimates of the prevalence of TRH. It also facilitates 

consideration of key pseudo-resistance factors such as morbidity, dosing, exclusion of 

WCH and adherence. RAAS drugs, CCB’s and alpha-blockers are most likely to achieve 

adequate doses. Future research, as suggested by Daugherty [12], Sarafidis [16] and 

Achelrod [8] is to develop, using this individual based methodology, a larger community 
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based cohort of patients with aTRH to assess prognosis in routine practice, with ideally 

consideration of diet and exercise. 
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Figure 1: Flow chart of patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PCRS=primary care re-imbursement service, BP=blood pressure, ABPM=ambulatory blood pressure 

measurement, TRH=treatment resistant hypertension. 

 

 

 

 

 

Total number of PCRS Service 

registered and private patients:  

50, 172 

 

 

 

 

Total identified on at least one 

hypertensive medication and as 

having hypertension on 

individual patient record review:  

6, 691 

Excluded:  

 

 Excluded as prescribed 2 or less hypertensive 

medications: 3,884  

 

 Not currently on three or more medications or 

three medications and no diuretic: 1,675. 

 

 Normal BP (Manual or ABPM within 6 months if 

available): 425 

 

 No BP recording: 61 

 

Apparent TRH: 646 (9.6%) 
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Figure 2 

 

Meta-analysis of prevalence of aTRH by practice  

 

CI= confidence interval, WHO-DDD= world health organization-defined daily dose, I2= percentage of 

variance in the meta-analysis that is attributable to study heterogeneity. 
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Table 1 

Characteristics of patients with apparent Treatment Resistant Hypertension in 

original cross-sectional group (n=646) 

 

Mean age (SD), years                             71.1 (12.2)  

Sex-female, n (%)       299 (46.3)  

PCRS eligibility, n (%)      528 (81.7) 

 

Diabetes, n (%)        237 (36.7) 

Chronic kidney disease, n (%)      256 (40) 

Cardiac failure, n (%)                   88 (13.6) 

 

Mean systolic clinic BP (SD)                             142.1 (18.0) mmHg 

Mean diastolic clinic BP (SD)                            78.1 (11.9) mmHg 

 

Ever had an ABPM, n (%)                                                                    276 (42.7) 

 

Elevated ABPM (Last 6 months, n=74)       

 Mean day time systolic ABPM (SD)                            147.9 (21.5) mmHg 

 Mean day time diastolic ABPM (SD)                            81.4 (14.8) mmHg 

 

SD= standard deviation, BP=blood pressure, ABPM=ambulatory blood pressure measurement, 

PCRS=primary care re-imbursement service, TRH=treatment resistant hypertension. 
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Table 2 

 

Medications of patients with apparent Treatment Resistant Hypertension (n=646) 

 

Mean number of hypertensive medications (SD)                                                            3.7 (0.7) 

On three hypertensive medications only, n (%)                                   282 (43.7)  

Prescribed at least one combined medication, n (%)                      368 (56.9) 

 

Adequate WHO-DDD requirements for each hypertensive medication, n (%)              123 (19) 

At least half recommended dosing for all medications (not diuretics), n (%)       439 (67.9) 

 

Nine monthly PCRS prescriptions printed in the last 12 months, n (%)       516 (79.9) 

 

SD= standard deviation, WHO-DDD= world health organization-defined daily dose, PCRS=primary care 

re-imbursement service.  
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Table 3 

 

Dosing, according to drug class, of patients with apparent Treatment Resistant 

Hypertension (n=646)  

 
Medication  Patients on drug 

group, n (%)  

Patients on drug 

class, n (%)  

Patients adequately 

dosed per class as per 

WHO-DDD, n (%) 

DIURETICS 614 (95)   

Thiazides 

 

 424 (65) 181 (43) 

Loop 

 

 235 (36)  150 (64) 

Potassium sparing 

 

 50(8) 1 (2) 

Mineralocorticoid 

antagonists 

 

 48 (7)  5 (10) 

Renin–angiotensin–

aldosterone system  

(RAAS)  

614 (95)   

ACE-Inhibitors 

 

 286 (44) 267(93) 

Angiotensin Receptor 

Blockers 

 

 320 (49) 305 (95) 

Direct Renin 

Inhibitors 

 

 5 (1) 5 (100) 

HR REDUCERS  440 (68)   

Beta-blockers 

 

 412(63) 130 (31) 

Calcium channel 

blockers- non 

dihydropyridines 

 

 41(5) 11 (27) 

CCB-DHP 440 (68)   

Calcium channel 

blockers- 

dihydropyridines 

 

 429 (68) 424 (99) 

VASODILATORS 127 (19)   

Alpha-Blockers 

 

 127 (19) 124 (98) 

ACE=angiotensin converting enzyme, HR=heart rate, WHO-DDD=world health org.-defined daily dose 
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Table 4 
 

Fixed-effects meta-analysis of apparent treatment resistant hypertension according 

to additional criteria 

 

 
Analysis                                                                        Prevalence estimate (95% C.I.)                        I2 

Applying a threshold of 140/90 mmHg to all patients            0.09 (0.09 to 0.10)                                 0.76 

 

And 

 

Applying a threshold of 130/ 80 mmHg for patients               0.10 (0.09 to 0.11)                                 0.74 

with diabetes or chronic kidney disease 

 

And 

 

Applying a threshold of 150/80 mmHg for patients                0.09 (0.08 to 0.10)                                  0.76 

≥ 80 years regardless of morbidity 

 

And 

 

Applying a threshold of adequate dosing in all meds             0.04 (0.04 to 0.05)                                  0.83 

(WHO-DDD) 

 

And 

 

Applying a threshold of adequate adherence                           0.03 (0.03 to 0.04)                                 0.80 

(>75% scripts) 

 

 

 

 

 

 

 

CI= confidence interval, WHO-DDD=world health organisation-defined daily dose, I2 is the percentage of variance in 

the meta-analysis that is attributable to study heterogeneity. 
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Abstract    

Background: Most cases of hypertension can be effectively treated with lifestyle changes 

together with medications, but within this population lies a group with more difficult to 

treat hypertension – those with apparent treatment resistant hypertension.  The American 

Heart Association and the UK National Institute for Health and Care Excellence have 

both highlighted the need for further research into the prognosis of patients with resistant 

hypertension, both apparent and true. 

Methods: In 16 practices affiliated to a university research network, 646 patients had 

been identified with apparent treatment resistant hypertension. To inform a planned full 

cohort study of these patients, we conducted a feasibility study within three practices to 

determine participation of practices and patients, availability of outcome measures and 

data collection times. 

Results: All three practices fully participated and 205/210 (98%) patients were followed 

up for a median of 23 months. Thirty-five outcome events of interest occurred – the most 

common was new onset of retinopathy (9 cases).  Eight percent (17/210) had the main 

composite outcome of death or serious incident cardiovascular event. Of the six patients 

who died, identification of cause of death was possible from practice records in five; the 

national General Register Office was successfully used for the final patient. There were 

123 admissions, both day and overnight, recorded in 94 individual patients.  Average 

manual systolic blood pressure measurements improved from baseline by 5 mmHg to 138 

(SD 19) mmHg, diastolic remained the same at 75 (SD 12) mmHg. Average eGFR 

increased from 58.8 (SD17.4) to 66 (SD19.7) mls /min /1.73m2. The average time for data 

collection per patient was 12 minutes.  

Conclusions: This study demonstrates that the proposed methodology for a full cohort 

study within general practice of patients with apparent treatment hypertension is both 
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acceptable to practices and feasible.  An adequately powered subsequent follow up study 

of the entire cohort appears possible.  

Keywords 

Hypertension, Primary care, Treatment Resistant Hypertension, prognosis, feasibility. 
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Background 

Arterial hypertension accounts for, or contributes to, 62% of all strokes and 49% of all 

cases of heart disease [1]. Most cases of hypertension can be effectively treated with 

lifestyle changes and/or medications, but within this population lies a group with more 

difficult to treat hypertension – those with treatment resistant hypertension (TRH). TRH 

is defined as high blood pressure (BP) in a patient taking three or more differing groups 

of anti-hypertensive medications (one of which must be a diuretic type medication) or any 

patient who is taking four or more anti-hypertensive medications irrespective of BP level 

[2]. Doses should be the optimal tolerated doses for each particular medication, lifestyle 

issues should also be addressed and white coat hypertension (WCH) needs to be 

examined by Ambulatory Blood Pressure Monitoring (ABPM). When issues of dosing, 

medication adherence and WCH have not yet been ruled out, the term apparent Treatment 

Resistant Hypertension (aTRH) is utilised. 

 

A recent meta-analysis of the prevalence of aTRH for a total population of 961,035 

patients with diagnosed hypertension yielded prevalence’s for observational studies and 

trials respectively of 13.7% and 16.3% [3]. Individual study prevalence varied between 

4.2-25.4%. Having established that TRH is apparently common, a key next step is to 

determine how important it is. Multiple cross sectional studies comparing patients with 

aTRH to those without, have suggested increased frequency of target organ damage and 

later cardiovascular complications [4]. In a key study, Daugherty et al. [5] provided the 

best evidence to date with an outcomes based study on the longitudinal assessment of a 

large cohort of patients with aTRH (n= 3,960). She found a 50% increase in 

cardiovascular events compared to those whose blood pressure was controlled on three 

medications. This increase was largely attributable to development of chronic kidney 

disease (CKD). This impressive study is however a retrospective study of electronic 
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insurance data with no assessment of ABPM or dosing and limited assessment of 

adherence. Sim et al. also confirmed a possible increased cardiovascular risk associated 

with aTRH in 60,327 patients [6].Patients with TRH, compared to those without, had 

significantly increased hazard ratios for stroke and mortality respectively of 1.14 (95% CI 

1.10-1.19) and 1.06 (95% CI 1.03-1.08). However, Irvin et al. [7] in retrospectively 

comparing similar groups found no significant increased risk of stroke but an increased 

risk for mortality. These studies, utilising large electronic databases had large patient 

numbers but limited assessment of adherence, dosing and WCH. The American Heart 

Association [8] and the UK National Institute for Health and Care Excellence [9] have 

both highlighted the need for further high quality prospective research into the prognosis 

of patients with resistant hypertension.  

 

Previously, in a cross-sectional study of 6, 691 patients with hypertension in sixteen Irish 

general practices, we identified 646 patients in Irish general practice with aTRH, whose 

files were individually reviewed, and in whom, pseudo-resistance was also examined[10]. 

These 646 patients therefore represent a unique general practice cohort of patients with 

comprehensive assessment for true TRH. It is planned to conduct a future prognostic 

cohort study of these 6,691 patients, to compare those with aTRH and those with essential 

hypertension. In anticipation of this, we conducted a feasibility study to determine 

participation of practices and patients, availability and frequency of outcome measures 

and data collection times required. 
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Methods  

Design and setting 

 

The original cross-sectional study has been comprehensively described elsewhere [10]. In 

short ,16  general practices in the university affiliated research network WestREN, 

representative of the Irish population, participated [11]. All used the same practice 

software system (Socrates®) and the International Classification for Primary Care (ICPC-

2) coding of chronic diseases. Ireland does not have universal registration with a general 

practitioner. All patients aged over seventy years, or less than six years, and those below 

defined income levels receive free general practitioner care. These patients represent 

almost 40% of the general population and are registered with the Primary Care 

Reimbursement Service (PCRS; http://www.hse.ie/eng/staff/PCRS/ ) with the remainder 

being described as private patients and able to see any general practitioner (GP). The 

authors therefore included in the cross-sectional sample all PCRS patients and those 

private patients who had attended the practice in the last year.  

Each practice ran a standard Anatomical Therapeutic Chemical (ATC) drug search 

identifying patients on any possible hypertensive medications as defined by the British 

National Formulary 69TH Edition (https://www.amazon.com?/British-National-

Formulary-BNF-69/dp/0857111566).  Two researchers (PH & MC), in conjunction with 

the practices, then reviewed the record of each individual patient who was reported as 

being on one or more hypertensive medications and determined if they were hypertensive 

or not, had a previous ABPM or not, and what hypertensive medications and doses they 

were currently receiving. This work fulfilled for the GP’s, the Irish Medical Council 

requirement to conduct an annual audit.  

http://www.hse.ie/eng/staff/PCRS/
https://www.amazon.com/?/British-National-Formulary-BNF-69/dp/0857111566
https://www.amazon.com/?/British-National-Formulary-BNF-69/dp/0857111566
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Patients were then identified as being hypertensive if this diagnosis was recorded in 

clinical notes by their GP or if they had the appropriate diagnosis code recorded in the 

patient file (i.e. International Classification of Primary Care codes for hypertension-K87, 

K87). No start date for the diagnosis was recorded - this is not therefore an incident 

cohort. 

Recruitment 

 

For this feasibility study, three practices were pragmatically chosen from the original 

sixteen to reflect practice diversity – one was small and rural, one a medium and rural 

practice and one a large and mixed urban-rural practice.  All sixteen practices used the 

same practice software system (Socrates®) to store patient data, were located within 1 

hours travel of the university and had a mix of PCRS and private patients.  

 

There were no incentives provided to these practices to participate; however, a stipend of 

€ 1,000 was paid to all sixteen practices when assembling the initial cohort, as an 

acknowledgement for the extra workload involved. All 210 patients in these three 

practices were eligible to participate.  

 

Data Collection 

 

In each of the three practices, a manual review of each patient’s individual patient 

electronic record was performed by two trained researchers (HK & MC).  

  

Both researchers participated in seminars on TRH. Training was also provided on how to 

use the practice software system (Socrates®) and more specifically how to search for the 
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data required. Both researchers worked in one practice together and then HK completed 

the other two practices, recording any issues for later clarification.  

 

Outcomes 

 

The authors recorded the time spent in each practice for data collection, the proportions of 

patients whose records could be successfully accessed and who had an outcome of 

interest. As with Daugherty et al.[5], we recorded a number of singular outcomes that 

were both cardiovascular and non-cardiovascular in nature. These included all cause 

deaths, nonfatal myocardial infarction, non-fatal heart failure or stroke or new-onset 

CKD. We similarly calculated a composite outcome including all of these measures. 

However we also felt it prudent to record some additional outcomes that we deemed were 

markers of deteriorating CVD. These included non-fatal events like, new onset -transient 

ischaemic attack (TIA), new onset retinopathy, new onset atrial fibrillation (AF), and new 

onset peripheral arterial disease (PAD). 

 

A retinal screening program is now widely available in Ireland for all patients with 

diabetes. This is performed via retinal imaging and reported on by an ophthalmic 

specialist. It is clear on retinal examination that hypertensive and diabetic retinopathy are 

pathologically different, but what is not clear is the extent that hypertension plays in a 

developing a diabetic retinopathy, or vice versa (when both diabetic and hypertensive 

control is poor). The interplay of both hypertension and glycaemic control has been well 

described previously[12]. We chose to record retinopathy as potential prognostic marker 

for CVD as we believe it has some value. This was borne out by a study by Hwang in 

2016 (n=523 patients with CKD) when those with either diabetic or hypertensive 

retinopathy were also examined for vascular calcifications. Patients with any type of 
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retinopathy showed a higher prevalence of vascular calcifications than those without 

(25.6% vs. 12.5%, P < 0.001).The coexistence of vascular calcifications and retinopathy 

was independently associated with CKD progression and cardiovascular events or deaths, 

and its combined effect was stronger than any separate entity in isolation [13]. Although 

we reported the prevalence of retinopathy in diabetics in this cohort, we decided not to 

include retinopathy in the final composite outcome, where we mirrored the approach of 

Daugherty et al.[5]. It is likely that only those with TRH patients with diabetes, will be 

examined for retinopathy between now and 2020. We are aware of the implications of 

this. 

 

The proposed main composite outcome measurement is the same as that used by 

Daugherty et al., [5]: all-cause mortality and incident cardiovascular events which 

includes nonfatal myocardial infarction, heart failure, stroke or CKD. Identification of 

cause of death was primarily through hospital or physician notices in patient’s files or 

through death certs. Where these were not informative, the national on-line General 

Register Office was utilised https://www.welfare.ie/en/Pages/Apply-for-

Certificates.aspx.  

 

Identification of the specified conditions was based on diagnosis codes, hospital 

correspondence and lab data. Patients are described as having diabetes if they have ICPC 

codes T89 (Diabetes insulin dependent) or T90 (Diabetes non-insulin dependent) or are 

taking insulin or oral hypo-glycemic agents. Patients are described as having CKD if an 

estimated Glomerular Filtration Rate (eGFR) less than 60mls/ min/ 1.73m2 was recorded.  

Patients are described as having cardiac failure if they have ICPC code K77 or are noted 

to have this condition on hospital correspondence. 

 

https://www.welfare.ie/en/Pages/Apply-for-Certificates.aspx
https://www.welfare.ie/en/Pages/Apply-for-Certificates.aspx
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Recent BP readings (manual and 24-hour ambulatory) were also recorded, as was anti-

hypertensive medication and doses. Hospital admissions and diagnoses were identified by 

discharge summaries. Day admissions largely involved medical or surgical assessment 

unit visits, angiograms or specialised testing requiring a ward admission. We did not 

include patients presenting for simpler tests such as echocardiograms or stress tests as a 

day admission. 

Power calculation 

Table 3 illustrates the outcomes events for patients with TRH over a median of 1.9 years 

in this study. Daugherty et al., for their main composite outcome, over 3.8 years, found 

that 18% of the TRH patients and 13.5% of non-TRH patients (those on three anti-

hypertensive medications and normotensive), had the composite outcome[5]. In total, 

8.3% of our cohort had the equivalent of Daugherty’s composite outcome and 17% a 

combination of all recorded cardiovascular events in this study (including additional non-

fatal outcomes: new onset transient ischaemic attack, new onset retinopathy, new onset 

atrial fibrillation, and new onset peripheral arterial disease). 

 

Taking our original cohort of 6,045 patients with essential hypertension and 646 patients 

with TRH, allowing for a loss to follow up of 10%, and applying the proportions of 18% 

and 13.5%, as described by Daugherty et al. above, with a level of significance of 5 % , 

confirms that the cohort has 80% power to show a significant difference. Using these 

figures in our calculations is a pragmatic choice , as Daugherty et al. were able to 

demonstrate that patients had 50% more cardiovascular events in the TRH group in 

comparison to the non-TRH group[5]. This suggests that a review of our entire original 

cohort over four years will result, at least, in similar outcome proportions to those of 

Daugherty et al. 
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Statistics analysis plan 

The primary response is the probability of patients developing the outcome of interest as 

defined by Daugherty et al [5].  A logistic regression model will be used to compare the 

probabilities between the two groups while adjusting for explanatory variables such as 

age, gender, socioeconomic status, baseline blood pressure, presence of diabetes or 

kidney disease as appropriate.  Initially all explanatory variables will be included as 

adjusters and the ridge regression and the LASSO [14] will be used to account for any 

multicollinearity present amongst the explanatory variables.  Classification trees will be 

used to identify potentially useful interactions.   

Results 

All three contacted practices agreed to participate. Of the original 210 patients in these 

practices, data was available for 205 patients (97.6%). Five patients had transferred 

practice and data was not available (see Figure 1). Follow up was for a median of 23 

months. File search took place from June 19th to July 14th 2017 – a total of four weeks for 

three practices. The total time spent in data collection at the practices was 44 hours which 

was an average of 12.6 minutes per patient.  

Table 1 shows the characteristics of the original cohort (n=646), and Table 2 illustrates 

the characteristics of the 205 patients examined for prognosis. The average manual BP 

reading was 138 mmHg (SD19) systolic blood pressure and 75 mmHg (SD12) diastolic 

blood pressure. A reduction of 5 mmHg systolic (SD11mmHg) is seen with clinic 

readings from the original cohort’s readings, diastolic readings were unchanged. 112 

patients (over the previous 23 months median follow up period) had ABPM, and the 

daytime average ABPM reading was 136 (SD16)/74 (SD10) mmHg. There were anti-

hypertensive medication and or dose changes in 57%. 9% (n=18) no longer met the 
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minimum inclusion criteria for aTRH of three or more medications.  Average eGFR 

increased from 58.8 (SD17.4) to 66 (SD19.7) mls /min /1.73m2. From the 210 patients 

examined, 65 persons have true-resistant TRH (26%) and 140 persons have pseudo-

resistant TRH (Table 2), whilst from the main cohort of 646 persons with aTRH, 30% 

(n=166) have true-TRH and 70% (n=480) have pseudo-resistant TRH (Table 1). 

Thirty-five events of interest occurred and are shown in Table 3. The most common was 

new onset retinopathy at 4.3% (n=9). Of the six patients who died, identification of cause 

of death was possible from practice records in five; the national General Register Office 

was successfully used for the final patient. Seventeen patients from 210 in the examined 

cohort (8%) had the main composite outcome of death or an incident cardiovascular event 

of nonfatal myocardial infarction, heart failure, stroke or CKD. There were 123 

admissions recorded in 94 individual patients, both day and overnight, and these are 

detailed in Table 4.  

Discussion  

Prior to conducting a larger cohort study of all 646 patients in all sixteen practices, the 

authors needed to demonstrate the feasibility of the proposed methodology by addressing 

key uncertainties. The key uncertainties related to the acceptability of follow up to 

practices, the availability of outcome data (especially in a health system without universal 

registration) and the workload involved. By explicitly addressing these uncertainties in a 

feasibility study, the authors can confirm that an adequately powered subsequent follow 

up study of the entire cohort is possible.  

Researchers attempted to ensure that the follow up strategy imposed little burden on 

practices and this appeared to work well. The average research time of twelve minutes per 

patient includes data collection only, but travel to practices was a mean of 80 minutes 
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return (maximum trip-two hour’s return). The main variation in data collection time 

between practices was the number of patient files examined. The main variation in data 

collection time between individual patients was the number of recorded health care 

interactions.  

Tips for ensuring a smooth research process include pre-booking time slots for practice 

computers, showing flexibility regarding access times - multiple half days may be 

available as opposed to full days and administrator/front desk workload 

acknowledgement e.g. teas, courtesy and thank you cards. The signing of individual 

practice confidentiality agreements was also seen as important. These may not be 

required by local ethics committees, but GP’s data protection fears are eased by such. 

Tips for ensuring accurate data collection include ensuring the adequate training of 

researchers in use of the relevant patient’s data management system, and meeting with 

practice administrators prior to data collection. Administrators will know where specific 

data items are stored e.g. ABPM reports and how the files of those who are deceased or 

have moved on are managed in individual practices. These issues will need to be factored 

into future planning.  

 

All practices that participated were part of a university affiliated research network 

WestREN. Regular e-mail updates and annual meetings where research projects were 

discussed are key to maintaining practice participation. Allowing practices to fulfil their 

mandatory audit commitments, whilst participating in research projects, is also welcome. 

The very low numbers lost to follow up and completeness of data are pleasing; however, 

this may not be replicated in the larger level and due allowance has been made in the 

power calculation.  
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Outcome measurement data appeared readily available. Coding of individual 

consultations is not common in Irish general practice. A combination of coding for the 

key diagnoses of interest by practices, together with review of scanned written hospital 

discharges, whilst time consuming, appeared to overcome this challenge. In the last five 

years, public hospitals in the region have introduced electronic discharge summaries 

which automatically enter the individual patient electronic record, significantly aiding the 

outcome assessment process. Identification of cause of death from practice data also 

appeared straightforward with only one of six deaths requiring access to the on-line State 

Register. This was needed for an in-hospital patient death, where cause of death was 

unclear from practice clinical notes and notice of death, as opposed to cause of death, was 

recorded. 

Two outcome measurements were of particular interest. New onset retinopathy has not 

been reported in other similar cohort studies. It was our most common outcome event. 

With over a third of our patients with aTRH having diabetes, this is of potential 

significance. Consideration may need to be given to including retinopathy in any 

composite outcome measurement. It highlights the importance of the work of the 

COMET (Core Outcomes Measures in Effectiveness Trials) group who are agreeing 

standardised sets of outcomes (http://www.comet-initiative.org/). There is, as yet, no 

agreed core outcome set in the study of TRH. Contrary to our expectations, renal function 

as estimated by eGFR, improved rather than deteriorated over the duration of follow up. 

Clearly, our sample size limits the interpretation of this. However, it does emphasise the 

need for serial eGFR measurements to be utilised rather than ‘once off’ recordings.  

Comparison with other work 

Table 5 illustrates the key parameters of previous studies reviewing the prognosis of 

patients with aTRH. Our study is distinguishable as both the only study based in general 

http://www.comet-initiative.org/
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practice and the only study to have individual patient record review. This facilitates 

consideration of dosing, adherence and white coat hypertension which are often 

overlooked in other studies. Similar to Daugherty et al [5], we will be able to, with 

adequate power, compare outcomes for patients with simple hypertension to those with 

TRH (Table 2). However, the numbers with true TRH will be small making meaningful 

comparisons difficult. 

Strengths and limitations 

We based our methodology on a previous cohort study we conducted in the region which 

followed up 1,605 patients with heart disease from 35 practices after five years [15]. This 

experience was invaluable in developing our protocol. The subsequent introduction of 

automatic hospital electronic discharges and enhanced coding by practices has aided 

cohort study conduct.  

There are four significant limitations. First, on balance a non-random selection of 

practices was preferred as it allowed us to sample the diversity of practice size and 

location. We used three typical practices. It also facilitated transport issues for 

researchers, within a short available time period, to be taken into account. Other practices 

may have specific issues which we have not encountered, but the recording of electronic 

health care data is similar in the Socrates® practice software system, which is reassuring. 

Second, the Irish health system is a complex amalgam of private and public providers. 

Other similar studies (Daugherty et al. [5], Irvin et al.[7]) had the significant benefits of 

an integrated health system facilitating collection of primary, secondary and tertiary care 

data. We can never be sure that some important outcome data is not missing. Third, we 

did not follow up the five patients who transferred practice. This may be the main 

challenge in the future, and will likely involve locating patients who have moved practice. 
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These patients may subsequently have their data now recorded in alternative electronic 

format. Consideration in the full cohort study to providing resources to do this, is 

appropriate. Finally, the cohort was assembled in a cross sectional study and not as an 

incident cohort with no recorded date of diagnosis. 

Conclusions 

This study demonstrates that the proposed methodology for a full cohort study within 

general practice of patients with aTRH is both acceptable to practices and feasible. An 

adequately powered subsequent follow up study of the entire cohort appears possible.  
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Figure 1 

Flow Sheet of participants in Feasibility Study 
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Cohort
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Tables 

 Table 1 

Characteristics of patients with apparent treatment-resistant hypertension in 

original cross-sectional group (n=646) 

Mean age, years (SD)                             71.1 (12.2) 

Gender-female, n (%)       299 (46.3)  

PCRS eligibility, n (%)      528 (81.7) 

 

Diabetes, n (%)                  237 (36.7) 

Chronic kidney disease, n (%)     256 (40.0) 

Cardiac failure, n (%)       88 (13.6) 

 

Mean systolic clinic BP (SD)                            142.1 (18.0) mmHg 

Mean diastolic clinic BP (SD)                           78.1 (11.9) mmHg 

 

Elevated ABPM (Last 6 months, n=74)       

 Mean day time systolic ABPM (SD)                          147.9 (21.5) mmHg 

 Mean day time diastolic ABPM (SD)                          81.4 (14.8) mmHg 

Medications 

Mean no. anti-hypertensive drugs used (SD)                          3.7 (0.7) 

Four or more anti-hypertensive drugs, n (%)                          364 (56) 

Sub-divisions 

True-TRH (n)                                                                          166  

Pseudo-resistant TRH (n)                                                        480  

 

 

SD= standard deviation, BP=blood pressure, ABPM=ambulatory blood pressure measurement, PCRS=primary care re-

imbursement service, TRH=treatment resistant hypertension. 
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Table 2 

Characteristics of patients with apparent treatment-resistant hypertension in 

feasibility study (n=210) 

 

Mean age, years (SD)                             73.7 (11.2) years 

Gender-female, (n) %       93 (44)  

PCRS eligibility, (n) %                  167 (81.7) 

 

Diabetes, (n) %       65 (31) 

Chronic kidney disease, (n) %     87 (41) 

Cardiac failure, (n) %        31 (15) 

 

Mean systolic clinic BP (SD)                            138 (19) mmHg 

Mean diastolic clinic BP (SD)                            76 (10) mmHg 

 

Elevated ABPM (Last 6 months, n=74)       

 Mean day time systolic ABPM (SD)                           134 (16) mmHg 

 Mean day time diastolic ABPM (SD)                           76 (10) mmHg 

Medications 

Mean no. anti-hypertensive drugs used (SD)                          3.7 (1) 

Four or more anti-hypertensive drugs, (n) %                          107 (51) 

Sub-divisions 

True-TRH (n)                                                                           65  

Pseudo-resistant TRH (n)                                                        140  

 

 

SD= standard deviation, BP=blood pressure, ABPM=ambulatory blood pressure measurement, PCRS=primary care re-

imbursement service, TRH=treatment resistant hypertension. 
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Table 3 

Outcome events for patients with apparent treatment-resistant hypertension 

in the feasibility study (n=205) 

 

*Any cause death      6 

  Cardio-vascular cause death                1 

*New non-fatal Myocardial Infarction   2 

*New non-fatal Congestive Cardiac failure   5 

*New non-fatal Cerebrovascular accident   3 

*New onset Chronic Kidney Disease    1 

  New non-fatal Transient Ischaemic Attack   5 

  New onset retinopathy     9 

  New atrial fibrillation     3 

  New onset Peripheral Arterial Disease   0 

 

Total  

Number of events total                                               35 

Number of individuals with composite outcome       17  

 

 

*These are included in the main outcome composite outcome (Daugherty) 

 

 

 

 

 

 

 

 

 

 



 

180 

 

 

Table 4 

Admissions for patients with apparent treatment-resistant hypertension in feasibility 

study 

Non-CVD Hospitalisations, n (%)                    62 (50) 

Non-CVD Day Admissions, n (%)                     27 (22) 

CVD Hospitalisations, n (%)                                                                  23 (19) 

CVD Day Admissions, n (%)                                                                             11 (9) 

  

  

*CVD=Cardiovascular Disease  
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Table 5 

 

Comparison between prognostic studies of patients with apparent Treatment 

Resistant Hypertension. 

 

Study                               Setting                           Record                        Length of Follow up      Pseudo-resistance 

considered 

 

Daughtery 2012 [5]      Insurance Database        Electronic                      Median 3.8 years                   No 

Sim (2015) [6]              Insurance Database        Electronic                      Retrospective-5 years            No 

Irvin (2014) [7]             Recruited cohort            Patient Interview           Median 4.4-6 years                No (Adherence –

yes) 

Hayes (2020)                Primary Care                  Manual File Search       Median 5 years                      Yes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

182 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

183 

 

 

Paper 3 

Apparent treatment resistant hypertension in primary care: the feasibility and 

impact of urine toxicological analysis combined with ambulatory blood pressure 

monitoring  

Authors 

 Peter Hayes1,8*, Monica Casey1, Liam G Glynn1, Gerard J Molloy2, Hannah Durand2, 

Eoin O’ Brien3, Eamon Dolan4, Kishor Das5, John Newell5, David Finn6, Brendan 

Harhen6, Ann Conneely6, Andrew W Murphy7,8. 

 

1Graduate Entry Medical School, University of Limerick, Limerick, Ireland 

2School of Psychology, NUI Galway, Galway, Ireland 

3The Conway Institute, University College Dublin, Dublin, Ireland 

4Connolly Hospital, Blanchardstown, Dublin, Ireland 

5School of Mathematics, Statistics and Applied Mathematics, NUI Galway, Galway, 

Ireland 

6Discipline of Pharmacology and Therapeutics, School of Medicine, NUI Galway, 

Galway, Ireland 

7 HRB Primary Care Clinical Trials Network, Ireland 

8Discipline of General Practice, NUI Galway, Galway, Ireland 

*Corresponding author details: Dr. Peter Hayes 

University of Limerick-Graduate Entry Medical School, GEMS2-026, University of 

Limerick, Limerick, Ireland, Tel: (353) 061-234850. 

Email: peter.hayes@ul.ie 

 

mailto:peter.hayes@ul.ie


 

184 

 

 

Abstract 

Introduction 

Apparent TRH (aTRH) is defined, by the AHA, as high blood pressure in patients taking 

three or more differing groups of anti-hypertensive medications (one of which must be a 

diuretic type medication) or patients who are taking four or more anti-hypertensive 

medications regardless of type and blood pressure level. The term apparent is used 

because some of this group will have true treatment resistant hypertension (tTRH), others 

undiagnosed secondary hypertension and more have pseudo-resistant hypertension. A 

patient is pseudo-resistant when factors, such as non-adherence to medications, white coat 

hypertension (WCH), inadequate drug dosing and lifestyle issues are responsible for the 

seemingly poor blood pressure control. Before identifying patients with tTRH, 

ambulatory blood pressure measurement (ABPM) must be used to exclude WCH, and 

non-adherence to therapy must be considered.  

Aim 

To determine, among patients in primary care with aTRH, the feasibility and impact of 

urine toxicological analysis combined with ambulatory blood pressure monitoring. 

Design and Setting 

Eligible patients (n=453) with aTRH from a baseline population of 45,788 persons, in 

fifteen university-research affiliated general practices in the west of Ireland were invited 

to undergo urine toxicological analysis and ABPM.  

Results 

Of the total sample 235 (52%) patients provided urine for toxicological analysis and 206 

(45%) also completed 24 hour ABPM. All urine samples successfully underwent 

toxicological analysis confirming feasibility in primary care. Of these 174 (74%) persons 

were fully adherent to treatment, 56 (24%) partially adherent, and 5 (2%) fully non-
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adherent. All ABPM results could be analysed according to the NICE criteria with 58 

(28%) patients having white coat hypertension. Combining these results for 206 patients, 

suggests that 92 (45%) may have pseudo-resistance-noting 27 patients had both WCH and 

non-adherence. No significant associations were found between adherence and 

sociodemographic characteristics, morbidity, drug class, number of medications, or 

ABPM readings.  

Conclusions 

For patients in primary care with aTRH, urine toxicological analysis combined with 

ABPM is feasible. 45% of patients with aTRH may have pseudo-resistance. This 

combined approach may well yield savings for healthcare programs in the long run 

through maximizing blood pressure control in high risk populations and improving 

prognosis. Further research on how to incorporate routine urine toxicological analysis into 

individual primary care patient consultations and its associated cost-effectiveness is now 

appropriate.  

 

 

Key words: Hypertension, Pseudo-resistance, Adherence, Urinalysis, Primary care 
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Introduction 

Both the American Heart Association (AHA) in 2008[1] and the United Kingdom 

National Institute for Health and Care Excellence in 2011[2], suggest the need for further 

research into the management of treatment resistant hypertension (TRH). Apparent TRH 

(aTRH) is defined, by the AHA and European Society of Cardiology (ESC), as 

uncontrolled blood pressure (BP) in patients taking three or more differing groups of anti-

hypertensive medications (one of which must be a diuretic type medication) or patients 

who are taking four or more anti-hypertensive medications regardless of type and blood 

pressure level.[3, 4]The term apparent is used because some of this group will have true 

treatment resistant hypertension (tTRH), others undiagnosed secondary hypertension and 

more have pseudo-resistant hypertension[5]. A patient is pseudo-resistant when factors, 

such as non-adherence to medications, white coat hypertension (WCH), inadequate drug 

dosing and lifestyle issues are responsible for the seemingly poor blood pressure control. 

Before identifying patients with tTRH, ambulatory blood pressure measurement (ABPM) 

must be used to exclude white coat hypertension (WCH), and non-adherence to therapy, 

drug-dosing and diet/lifestyle should be examined [3] [5-7] 

 

The Lancet commission on hypertension stated that ‘ideally, diagnosis, initiation and 

titration of treatment should be guided by ambulatory, home, or automated unobserved 

blood pressure’ [8]. It went on to note that ‘objective assessment of adherence to therapy 

is possible by testing for the presence of drug metabolites in body fluids, particularly 

urine. Measurement methods … are sensitive, reproducible, and relatively inexpensive 

and could help treatment decisions, particularly in patients with difficult-to-control 

hypertension’[9]. 
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These two cardinal features of pseudo-resistance, namely non-adherence to treatment and 

WCH, have never been examined simultaneously before in a primary care setting. We 

therefore determined, among patients in primary care with aTRH, the feasibility and 

impact of urine toxicological analysis combined with ambulatory blood pressure 

monitoring. 

 

Methods 

Setting and Participants 

 

As described previously, we assembled a cohort of primary care based patients (n=646) 

with aTRH from sixteen general practices[10, 11].One of these original practices was 

outside the catchment area of the routine laboratory transport service at University 

Hospital Galway and was therefore excluded from this study. This resulted in a sampling 

frame of 569 patients from an initial baseline population of 45,788 persons. General 

practitioners were asked to review the names of these 569 patients to confirm their 

continuing eligibility and that they were not suffering from significant morbidity such as 

active chemotherapy or radiotherapy, severe psychiatric illness or being housebound.  All 

others were invited to attend their general practice on a specific day to undergo urine 

analysis and ABPM performed by the visiting research team. They were informed in 

patient information leaflets that the urine assessment was to examine ’the success of your 

tablets in controlling your blood pressure, by testing your urine for these’. 

24 hour ABPM was also performed and urine samples were collected between June 2016 

and March 2017.  
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Urine sample preparation and processing 

Urine samples were collected from the patients and transported using routine clinical 

transport to the main pathology laboratory at University Hospital Galway. They were then 

transferred on the same day to the Clinical Research Facility Galway and stored at -80°C. 

Drug assays were performed in batches at the Biological Mass Spectrometry Core Facility 

at NUI Galway utilizing a similar methodology to that of Jung and Tomaszewski [12, 13]. 

In brief, samples were defrosted at room temperature and 100 ul of urine was diluted 1:10 

in acetonitrile, adjusting with formic acid to pH 4. Samples were centrifuged at 2000 g for 

10 minutes at room temperature. An 8-point 1:4 serial dilution standard curve was 

prepared in urine using a mixed stock containing 20 antihypertensive drugs and was 

diluted 1:10 in acetonitrile. Samples and standards had 100 ul of 10 ug/ml internal 

standard (Sulfameter; Sigma-Aldrich, Ireland) added.  

 

HPLC-MS/MS was carried out using an Agilent Technologies 1200 series High Pressure 

Liquid Chromatograph with an Agilent Technologies 6460 Triple Quadrupole Mass 

Spectrometer and electrospray was used as the source. A nebuliser gas temperature of 

300°C was selected and the gas flow rate was set at 12 L/min with a pressure of 35 psi.  

An Agilent technologies Zorbax SB-C18 2.1x50 mm column was used for HPLC, with a 

flow rate of 300 µl/min. The HPLC was set in gradient mode using 0.1% formic acid in 

water for mobile phase A and 0.1% formic acid in acetonitrile for mobile phase B. for the 

first 4 minutes conditions were set at 2% B/ 98% A. This gradient was increased to 60% 

B/ 40% A at 5 minutes, to 98% B/ 2% A at 9 minutes and for the remainder of the run. 

The total run time was 11 minutes per sample with a 4 minute post time to allow the 

gradient to re-equilibrate.  
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Dynamic multiple reaction monitoring mode (MRM) was used and each sample was run 

both in positive ion mode and negative ion mode scanning for different drugs in each 

mode as shown in the table 1. A qualifier ion for each drug was selected and scanned for 

alongside the quantifier ion. Metabolites of ramipril (ramiprilat) and spironolactone 

(canrenone) were also scanned for. 

 

Full details of the anti-hypertensive drug assays that were developed (n=20) are available 

in Table 1. Patients were described as being fully non-adherent, partially non-adherent or 

fully adherent depending on the ratio of the number of drugs present in their urine divided 

by the number of drugs prescribed. Prescribed drugs that could not be identified via urine 

toxicology were not included in the calculation of adherence ratios. 

 

ABPM to exclude white coat hypertension 

 

WCH is defined as having an elevated clinic BP reading ≥ 140/90 mm Hg but a normal 

24-Hour ABPM daytime mean value (≤ 135/85mm Hg). The ABPM used was the 

Meditech ABPM-05 (Meditech, 200 Üllői út, Budapest, Hungary)[14]. In order for 

ABPM results to be valid in diagnosing WCH, the NICE guideline for the use of ABPM 

in clinical care was applied. These require 14 or more out-of-hours readings to be taken in 

daytime hours and the device programmed to take at least two readings per hour [2].  

 

Analysis 

 

Graphical (univariate and multivariate) summaries were created for all patient 

characteristics in order to identify any anomalies or potential outliers.  Summary statistics 
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were generated that were appropriate for the explanatory variable in question (i.e. means 

and standard deviations, medians and inter quartile range).   

 

Two sample t-tests (unequal variance) were used to compare the mean of covariates 

between the groups and a two-sample comparison of proportions (or chi-square test) to 

compare factors. 

 

Multivariable logistic regression was used to model the association between the (log) 

odds of adherence and explanatory variables of interest (i.e. patient characteristics, 

number of medications, use of combined medications, morbidity, type of drugs taken, or 

ABPM readings).  Variable selection was performed using elastic nets and tree based 

methods [15]. All analyses were performed using R (version 3.5) ([16]. 

 

Results 

 

Of the 569 patients, 116 patients were excluded from the study at the request of their 

general practitioner or due to a change in clinical circumstance (See Figure 1) leaving 453 

eligible patients. Table 2 illustrates the characteristics of the 453 eligible patients from the 

fifteen participating practices.  

 

Patients were largely elderly (mean age 70 years), male (55.2%), and 81.2% had access to 

free GP care (based on income thresholds; see http://www.hse.ie/eng/staff/PCRS/). These 

practices varied in distance from University Hospital Galway from 1 to 44 miles. 

Two hundred and thirty five (52%) patients attended for assessment. There were no 

significant differences between those who took part in the study and those who did not 

(see Appendix 1). All provided a urine sample for analysis. Table 3 provides details on 

http://www.hse.ie/eng/staff/PCRS/
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the anti-hypertensive medication they were receiving. The majority were on combination 

medications. In the 235 patients, cumulatively 860 antihypertensive drugs were 

prescribed; out of these toxicological analysis was performed for 710 drugs (Table 1). 

Twenty drugs accounted for 82.6% of the total number of drugs prescribed. All 235 

samples successfully underwent urine toxicological analysis. Of these, 174 persons were 

fully adherent to treatment (74%), 56 partially adherent (24%), and 5 fully non-adherent 

(2%).  

 

Twelve patients who provided urine samples did not consent to do 24 hour ABPM. 

Seventeen others were unable to do a 24 hour ABPM as researchers could not get an 

initial blood pressure reading from the device or the device did not produce a report 

which met the NICE minimum number of daytime readings required for the use of ABPM 

in clinical practice. Two hundred and six patients (45%) therefore completed a valid 24-

hour ABPM and 28% had WCH (n=58).  

 

Combining the figures for non-adherence and WCH suggest an overall proportion of 45% 

having pseudo-resistance (n=92) -noting 27 patients had both WCH and non-adherence. 

There were no significant associations between adherence status and patient 

characteristics, number of medications, use of combined medications, morbidity, type of 

drugs taken, or ABPM readings (see Table 4). There was a tendency for adherent patients, 

in comparison to those who were not, to have lower day systolic readings and both 

systolic and diastolic night-time readings on 24 hour ABPM (see Figure 2), but these 

differences were not significant. As seen in table 5, none of the explanatories were 

deemed significant predictors of adherence based on the logistic models (regular and 

penalised) and tree based models fitted (data available from authors). 
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Discussion 

The authors have shown for the first time that for patients in primary care with aTRH, 

urine toxicological analysis combined with ABPM is feasible, albeit with a substantial 

proportion of patients failing to comply with study requirements. In all, 26% of patients 

were found to be non-adherent to therapy with 28% having WCH. This gives an overall 

proportion of 45% having pseudo-resistance from the 206 patients who did both 

assessments. 

 

Jung et al.[12], were the first to use urine toxicological analysis in patients with aTRH 

and showed that non-adherence is a significant problem with 53% of 78 patients attending 

a German hospital renal clinic being non-adherent[12]. Tomaszewski [13] reviewed 208 

hypertensive patients attending a specialist hypertension clinic and found, using a similar 

urine toxicological assay, that 25% were non-adherent. In a methodologically similar but 

much larger study (n=1348) Gupta et al.[7] found proportions of non-adherence in UK 

and Czech populations attending hospital hypertension clinics respectively of 41.6% and 

31.5%. Our non-adherence rate is similar to that of Tomaszewski et al.[13]and much 

lower than those of Gupta et al.[7] and Jung et al.[12] It is intuitive that adherence may be 

higher in primary care than in specialist hypertension clinics, where more complex 

patients have been referred for assessment. The authors recent systematic review based on 

medication adherence rates among patients with aTRH, confirms this [17]. 

 

Certain patients may also improve their adherence just prior to testing – the so called 

‘tooth-brush effect’[18]. Jung et al.[12] avoided this by patients being unaware that 

adherence was being assessed through urine measurement. In both Gupta’s [7] and 

Tomaszewski’s [13] studies, patients were explicitly informed prior to screening that their 

urine would be assayed for the presence of blood pressure lowering drugs. In this study, 
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patients were simply informed in advance and by letter that we would ‘test the success of 

your tablets in controlling your blood pressure, by testing your urine for these’. This is 

probably midway between Jung and Gupta’s and Tomaszewski’s approaches, thereby 

somewhat minimising the ‘tooth brush effect. The authors are also conscious of the 

‘hawthorne effect’ (where individuals change an aspect of their behavior in response to 

their awareness of being observed), but efforts were made to reduce this, by avoiding the 

use of pejorative language in the participant invitation letter and ensuring that patients 

knew that an outside team were assessing drug adherence as opposed to their own health 

care team. We also stressed that any information gathered would be anonymous and not 

shared with anyone outside of this research team. 

 

Jung et al.[12] noted that adherent patients had significantly lower clinic systolic and 

diastolic blood pressures. Tomaszewski et al.[13] found significant associations between 

higher adherence and lower clinic and 24 hour day BP readings. Gupta et al [7] found 

significant associations, generally in both UK and Czech populations, between 

nonadherence and decreasing age, being female, increasing numbers of medications and 

being prescribed diuretics. We found no such significant associations albeit with a 

tendency for adherent patients to have lower ABPM readings.  The sample size in this 

study of 235 persons, is similar to those of Jung and Tomaszewsk, but much smaller than 

that of Gupta. However, the baseline BP’s in this primary care population were, as 

expected, much lower than those of the specialist settings possibly impacting on the 

identification of any such associations due to the reduced BP variability in blood pressure 

measurement in this sample. 

De la Sierra in his work based on the Spanish Ambulatory Blood Pressure Monitoring 

Registry showed that just over a third of patients with aTRH (37.5%), had WCH[19]. 
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This estimate is consistent with this study, and shows the importance of out-of-hours 

blood pressure readings in identifying this phenomenon. In Ireland, explicit financial 

support is provided to primary care for the conduct of ABPM’s in line with the Lancet 

commission recommendations [8]. 

Whilst the authors have shown feasibility, the participation of only 52% of eligible 

patients is noteworthy. This proportion could be expected to rise if the assessment could 

be provided as part of routine clinical care by usual staff rather than, as occurred in this 

study, at specific and limited dates by external research staff. It has previously been 

shown that participants and non-participants in observation studies differ and this can be a 

source of bias [20, 21].It is also possible that those who did not attend for screening were 

more likely to be non-adherent. We accept this as a form of selection bias. However 

previous research by Molloy et al. (co-author) regarding patient’s adherence to 

medication post-acute coronary syndrome (n=223), showed that non- intentional non-

adherence is three and a half times more common than intentional non-adherence [22]. 

This suggests that those who are intentionally non-adherent are possibly not in the 

majority. We hypothesise that the commonest reasons for not taking part in this project 

related to availability on the day to attend the practice or disinterest in research studies, 

rather than trying to avoid detection. 

 

The authors previously examined non-adherence to therapy in aTRH in a meta-analysis, 

and found a pooled prevalence of non-adherence of 30% [17]. Interestingly, the strongest 

contributor to variance in non-adherence rates was the method of adherence assessment 

used. Direct measures of non-adherence such as urine or blood drug toxicology gave the 

highest prevalence. It is true to say that these direct measures of testing for adherence do 

not provide any information on long term adherence patterns in patients. The authors also 

recently published a comparator paper between three unique measures of adherence 
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(questionnaire, urine toxicology and prescription refill data) and found that associations 

among these unique adherence measures were weak overall [11]. Perhaps patients with 

possible adherence issues may be best identified by a combination of direct and indirect 

methods - such as with urine toxicology analysis and the use of a valid questionnaire (e.g 

ProMAS Medication Adherence Scale etc.) [23]. Interestingly, this type of joint 

assessment gave figures closest to the pooled prevalence estimate identified in the meta-

analysis [17]. How this joint approach can be performed in routine clinical practice is yet 

to be determined. 

Further work is also needed to explore how patients and physicians would feel about the 

feasibility and acceptability adopting such an approach (urine toxicological analysis). 

There exists clear potential for undermining patient and doctor relationships [9]. It may 

also be valuable to examine the roles that urine toxicological analysis can play in tandem 

with regular ABPM use in maximising blood pressure control in high risk cohorts, by 

highlighting ABPM reductions with improving adherence. Although, toxicological 

analysis is currently costly (50-100$ per sample) [12], there may well be savings for 

healthcare programs in the long run, through maximising blood pressure control in high 

risk populations and improving prognosis. Explicit cost-effectiveness analyses are 

required for the general practice setting. 

As seen in Table 5, the logistic regression model the authors used to investigate the effect 

of patient characteristics on the odds of adherence suggest that ace inhibitors may play a 

part in patients being non adherent (p=0.04).The authors were not convinced by this 

finding because Perindopril, which was the ace inhibitor of choice in 43% of patients 

taking this drug type has an unusual pharmacokinetic property, in that it is nearly 

completely cleared by the liver (99%). Interestingly, 43 patients were detailed to take this 

drug and it was absent 50 % of the time. The authors cannot be sure that patients were 
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non adherent by its absence in urine. The authors have thus decided not to report this as a 

significant finding, and to highlight that there may be problems based on the predictive 

values of these tests. 

A limitation of the study is the use of 15 practices from one geographical region with a 

largely ethnically homogenous white population. The authors performed toxicological 

analyses for 20 drugs as compared to 40 by Tomaszewski et al.[13]. However these 20 

drugs accounted for the vast majority of prescribed drugs (82.6%). Furthermore, 

Lercandipine was 7.5% of the total drug burden for patients in this cohort, and similar to 

Jung et al.[12] , we were unable to detect this drug in urine despite our best attempts to do 

so. We do not think drug selection bias is an issue.  

 

The authors also had specific concerns about the pharmacokinetics of some other drugs. 

Indapamide, for example, has a long half-life and can persist in urine for up to 60 

hours[24]. The presence of Indapamide in patient’s urine could incorrectly identify a 

patient as adherent, when the opposite may be true. There are clear limitations with regard 

to the interpretation of mass spectrometry-urinalysis testing for some drugs (as outlined), 

but for the majority, it seems a valid and reproducible test for adherence [9]. The ability 

to detect medications may depend on a whole range of uncontrollable pharmacokinetic 

and patient-specific factors - such as time of last dose, hydration status and the co-

metabolism of any other concurrent medications. Specific attention may need to be placed 

on homogenously advising participants about approaches to taking last doses of 

medications.  

 

Further guidelines regulating the harvest and storage of urine samples in this type of work 

is also needed, to facilitate between-study comparisons. As this study confirmed that 
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drugs were taken qualitatively but not quantitatively, we cannot say that drugs were taken 

at the right time or in the correct doses.  

 

Conclusions 

 

For patients in general practice with aTRH, urine toxicological analysis combined with 

ABPM is feasible. In total, 26% of patients were found to be non-adherent with 28% 

having white coat hypertension giving an overall proportion of 45% having pseudo-

resistance. Further research on how to incorporate routine urine toxicological analysis 

into individual patient consultations and its associated cost effectiveness is now 

appropriate.  
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Figure 1 

Flow chart of patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total number of patients with 

aTRH: n=569 

 

) 

 

Exclusions 

 

     n=95(17%)  

Patients were not invited to participate at the advice of 

their GP due to significant morbidity and/or infirmity. 

 

  n=21(4%)  

Patients had either moved practices, died, or were no 

longer taking medications for blood pressure, between 

the cross sectional study and urine donation. 

 

 

Participated in the study 

 

n=235/453 (52% of available patients) 

 
n=61/235 (26%-Non adherent 

n=58/206 (28%-White Coat Hypertension) 

 
92/206 (45%-Pseudo-resistant) 

(27 patients had both WCH and non-adherence) 
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Table 2 

Characteristics of patients with apparent Treatment Resistant Hypertension who 

were invited to take part (n=453) 

Age in years (mean and SD)                            69.9 (11.7)  

Female gender, % (n)       44.8 (203) 

Means tested eligibility to free primary care, % (n)              81.2 (368) 

 

Diabetes, % (n)       33.1 (150) 

Chronic kidney disease, % (n)     37.7 (171) 

Cardiac failure, % (n)       11.7 (53) 

 

Systolic clinic BP (mean and SD)                           142.5 (17.3) mmHg 

Diastolic clinic BP (mean and SD)                           77.9 (11.1) mmHg 

 

 

 
SD=standard deviation, BP=blood pressure  
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Table 3 

Pharmacological characteristics of anti-hypertensive therapy in patients with 

apparent Treatment Resistant Hypertension who gave a urine sample for urine 

toxicology analysis (n=235) 

 

Average no. of BP medications (SD)                 3.7 (0.7)  

Combination meds, % (n)                   65.1 (153) 

Three meds only, % (n)                                                                       43.8 (103) 

 

Ace-inhibitors, % (n)                                         42.6 (100) 

Angiotensin blockers, % (n)                                                              53.1 (125) 

Beta-blockers, % (n)                                                                           62.1 (146) 

Calcium channel blockers, % (n)                 74.9 (176) 

 

Diuretics, % (n)                                         95.7 (225) 

Alpha-blockers, % (n)                                                                          17.0 (40) 

Other vasodilators, direct renin inhibitors, %                            ˂1% 

 

 

SD=standard deviation, BP=blood pressure, Ace=angiotenisn converting enzyme. 
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Table 4 

Comparison of summary statistics of different covariates (patient characteristics, drug class, 

number of medications, use of combined medications, morbidity and ABPM readings) among 

adherent and non-adherent groups 

 

                                    Non         Adherent     p-value  

                                    N=61         N=174               

 ¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯  

 Gender:                                                   0.923    

     Male                        35 (57.4%)  103 (59.2%)            

     Female                      26 (42.6%)  71 (40.8%)             

 Diabetes:                                                 0.982    

     No                          42 (68.9%)  122 (70.1%)            

     Yes                         19 (31.1%)  52 (29.9%)             

 Chronic Kidney Disease:                      0.429    

     not CKD                     43 (70.5%)  111 (63.8%)            

     CKD                         18 (29.5%)  63 (36.2%)             

 Angiotensin_:                                             0.214    

     No                          34 (55.7%)  79 (45.4%)             

     Yes                         27 (44.3%)  95 (54.6%)             

 BetaBlocker_:                                             0.297    

     No                          27 (44.3%)  62 (35.6%)             

     Yes                         34 (55.7%)  112 (64.4%)            

 Ace_Inhibitor_:                                           0.095    

     No                          29 (47.5%)  106 (60.9%)            

     Yes                         32 (52.5%)  68 (39.1%)             

 Calcium_CB_:                                              0.306    

     No                          21 (34.4%)  46 (26.4%)             

     Yes                         40 (65.6%)  128 (73.6%)            

 Diuretic_:                                                0.460    

     no                           1 (1.64%)   9 (5.17%)             

     yes                         60 (98.4%)  165 (94.8%)            

 Meds_3_only:                                              1.000    

     more than 3 meds            34 (55.7%)  98 (56.3%)             

     3 meds only                 27 (44.3%)  76 (43.7%)             

 Combination_meds:                                         0.385    

     no                          18 (29.5%)  64 (36.8%)             

     yes                         43 (70.5%)  110 (63.2%)            

 Documented_CCF:                                           0.791    

     not documented              54 (88.5%)  158 (90.8%)            

     documented                   7 (11.5%)  16 (9.20%)             

 ABPM_day_avg_systolic           137 (15.6)  135 (16.0)    0.435    

 ABPM_day_avg_diastolic          73.4 (11.2) 73.1 (9.82)   0.829    

 ABPM_nt_avg_syst                131 (19.7)  129 (20.6)    0.513    

 ABPM_nt_avg_diast               67.8 (13.7) 66.7 (11.9)   0.609    

 ABPM_total_syst                 135 (16.5)  133 (16.8)    0.441    
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 ABPM_total_diast                71.2 (11.5) 70.5 (9.80)   0.708    

 WCH:                                                      0.136    

     no                          51 (83.6%)  127 (73.0%)            

     yes                         10 (16.4%)  47 (27.0%)             

 Age                             69.9 (11.4) 69.8 (10.4)   0.956  
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Figure 2: 

 

Distribution of Night-time average blood pressure between the two group of adherence via 
ABPM 
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Table 5 

 

Results from a logistic regression model to investigate the effect of patient characteristics 

of relevance on the odds of adherence 

 

 

Odds 

Ratio 

95% 

CI 

(lower) 

95% 

CI 

(upper) 

P-

value 

Intercept 1.65 0.05 82.24 0.78 

Age: (years) 1.02 0.99 1.06 0.19 

Gender:  Female/Male 1.03 0.54 2 0.92 

PCRS:   PCRS/ Private 0.63 0.22 1.66 0.36 

PP > 60:   Yes/No 0.6 0.31 1.12 0.11 

Ace Inhibitor :  Yes/No 0.5 0.26 0.95 0.04 

Calcium CB :  Yes/No 1.83 0.88 3.81 0.11 

Diuretic :  Yes/No 0.39 0.02 2.6 0.4 

Combination Meds:  Yes/No 0.7 0.34 1.39 0.31 

 

CI= confidence interval, Private= private patient, PCRS=primary care re-imbursement service, PP >60 =pulse pressure 

> 60 mm Hg, Calcium CB= calcium channel blocker,  
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Appendix 1 

Characteristics of patients with apparent Treatment Resistant Hypertension who gave 

a urine sample for urine toxicology analysis (n=235) versus those who did not (n=218) 

 

Group                                                                                           n=235                                                         n=218    

Age in years (mean and standard deviation)      70.8 (10.6) years                                      70 (12.8) years 

Female gender (%)                                                             41.7% (n=98)                                           48.2% (n=105) 

PCRS eligibility (%)                           83.4% (n=196)                                         78.9% (n=172) 

 

Diabetes (%)          30.2% (n=71)                                             36.2% (n=79)                                    

Chronic kidney disease (%)                          34% (n=80)                                                41.7% (n=91) 

Cardiac failure (%)                           9.8% (n=23)                                               13.8% (n=30) 

 

Systolic clinic BP (mean and standard deviation)      142 (18.1) mmHg                                       142.9 (16.4) mmHg 

Diastolic clinic BP (mean and standard deviation)      78.2 (10.9) mmHg                                      77.5 (11.4) mmHg 
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Chapter 4: Discussion 

4.1 Principal Findings  

I want first to provide a summary of the key findings of the thesis and re-identify the initial 

hypotheses and rationale. 

Supplementary Paper 1-Meta-Analysis 

My collaborator, Ms. Hannah Durand, is lead author on this paper, and is submitting this 

work as an empirical study for a PhD in the College of Arts, Social Sciences and Celtic 

Studies. I will not discuss the work in detail in this thesis. I was primarily involved in the 

review of selected papers, data extraction and contributed to the final manuscript. I am 

second named author in this publication. 

Hypothesis-Supplementary Paper 1 

The prevalence of non-adherence to anti-hypertensive medications in TRH is unknown and 

a systematic review of the literature and meta-analysis is required.  

 

Key findings-Paper 1-Abstract 

Using a random effects model, the pooled prevalence of non-adherence was 30.7% 

(95% CI=19.9–44.10, I2=99.49, K=24) with non-adherence rates ranging from 3.3–

86.1%. The strongest contributor to variance in non-adherence rates was the method of 

adherence assessment used. Studies that relied on self-report measures of adherence 

and/or pharmacy data reported lower levels of non-adherence than studies using more 

objective methods, such as liquid chromatography–mass spectrometry in single time 

point bioassays or directly observed therapy. Findings indicate that medication non-

adherence is a significant problem among TRH patients. 

 

Hypothesis-Paper 1 

My primary hypothesis is that apparent TRH is overdiagnosed and that the estimated 

prevalence figure in papers (10-30%), is inflated. Pseudo-resistance, when adequately 

examined, will lower these estimates even further. 
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Key Findings-Paper 1 

Apparent-TRH is potentially overdiagnosed. Our study estimated the prevalence of aTRH 

among hypertensive populations in general practice to be 10% which is at the lower end 

of the published spectrum (10-30%). When we also accounted for the cardinal causes of 

pseudo-resistance (inadequate dosing, non-adherence to therapy, WCH), prevalence 

estimates reduced to 3%. Adequate consideration of pseudo-resistance may be all that is 

needed for effective management of aTRH in the majority of patients. 

 

Hypothesis 2-Paper 2 

My hypothesis is that those with aTRH have a worse prognosis than those with essential 

hypertension (non-TRH) and those with controlled-TRH (cTRH) fare better than those 

with uncontrolled-TRH (uTRH). I will however not perform this analysis until 2020 (after 

five years of follow-up). For now I simply ask: is it feasible to perform this type of study? 

 

Key Findings –Paper 2 

It is feasible to perform a prognosis study on patients with aTRH in GP. Outcome 

measurement data appeared readily available. New onset retinopathy has not been 

reported in other similar cohort studies. It was our most common outcome event. With 

over a third of our patients with aTRH having diabetes, this is of potential significance. 

Consideration may need to be given to including retinopathy in any composite outcome. 

 

Hypothesis Paper 3 

Primarily, I hypothesise whether the use of urine toxicological analysis to test adherence 

to anti-hypertensive medications is acceptable and feasible in Primary Care. Additionally, 

I hypothesise that there is a linear relationship between BP (both manual and mean 

ABPM values) and non-adherence to medications i.e. the less adherent you are, the higher 

your BP is. 

 

Key Findings-Paper 3 

Adherence to medication when assessed via urine toxicology analysis, suggests most 

patients take their prescribed medications (74%), but for those who don’t, measures to 

improve adherence must be undertaken before further evaluation. Urine toxicological 

testing was also feasible to perform in the community and seemed acceptable to both 

practitioners and patients. 
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Twenty-four hour ABPM is mandatory in diagnosing TRH- 28% of the aTRH cohort had 

WCH. Failure to adequately examine both WCH and non-adherence to therapy may be 

leading to the overestimation of prevalence rates for TRH as nearly half of patients who 

appeared to have poorly controlled BP (45%) were pseudo resistant. In this study, we did 

not establish a link between non-adherence to medication and poor BP control.  

 

4.2 Relationship of the study to other published work and implications for 

clinical practice and future research 

Beginnings  

At the pre-application stage for this project, I hypothesized that the prevalence of aTRH 

was overestimated and that the significance of pseudo-resistance was under explored in 

the literature. I simply was not seeing the same levels of poorly controlled BP in clinical 

practice that the published literature was elucidating. Notably, renal denervation (RDN) 

was becoming the therapeutic ‘norm’ for apparent TRH at about the same time. I was 

not sure that RDN was an evidence-based intervention either, and was alarmed with the 

increasing funding steams that were starting to support it, especially seeing as pseudo-

resistance was being largely ignored by its proponents. 

 

To re-iterate, the three cardinal factors involved in determining pseudo resistance are 

WCH, inadequate dosing and non-adherence to therapy. Further causes of pseudo-

resistance are undiagnosed secondary hypertension and lifestyle/diet issues. Secondary 

hypertension is uncommon and the prevalence is estimated to be 5% of hypertensive 

patients (Danielson & Dammstrom, 1981). It is also an expensive task to screen for 

secondary hypertension, as there is a necessity for blood tests, various scans and medical 

specialty involvement. Diet and lifestyle issues are also extremely difficult to identify in 

patient’s charts. Patient’s healthcare files are often lacking information about the key 

lifestyle factors (drug, diet, alcohol or exercise patterns). This then necessitates 

researchers to perform a time-consuming patient interview to assimilate the information. 

Behavioural change is not easy to instigate in any case (Kelly & Barker, 2016). 

Therefore that is why, in this thesis we have largely confined our arguments here to the 

three cardinal pseudo-resistant factors: WCH, inadequate dosing and drug adherence.  
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The prevalence of treatment-resistant hypertension, diagnostic challenges and pseudo-

resistance  

 

We hypothesized that the prevalence of aTRH was lower than previously reported and 

that TRH was an over-diagnosis. The study confirmed our suspicion. Our study estimated 

the prevalence of aTRH to be 10% (95%CI 9.0-11.0) of hypertensive patients. The AHA 

previously placed estimates for prevalence between 10-30% (Calhoun et al., 2008), and a 

recent meta-analysis showed it to be 13.7% (Achelrod et al., 2015). Our lower unadjusted 

prevalence figure for aTRH (< 10%) is similar to that produced in 2017 in the UK where 

a prevalence figure of 6.5% was published in a large study, analysing records of 1.3 

million participants with hypertension over a 20 year period (Sinnott et al., 2017). 

Holmqvist (2016) also recently described in a Swedish registry-based cohort study of 48 

general practices where the prevalence of TRH was 17% (Holmqvist et al., 2016). 

Additional consideration of adherence in this Swedish study (via pharmacy refill > 80 % 

data), reduced the prevalence to 9%. These recent research papers (2016/17) reassured the 

group of the validity of our findings. 

The average BP (SD) was 140 (18)/78 (12) mm Hg for those identified as having aTRH-

which at a first glance does not seem that high. This is however an average BP of two 

distinct groups: those with controlled BP (cTRH) (often taking four medications) and 

those who have uncontrolled BP (uTRH). The average BP (which incorporates readings 

from both these groups) is clearly not useful in describing the BP load. Mean BP for those 

with uTRH in our study was 157/94 (17/7) mm Hg-SBP/DBP (SD). De la Sierra in his 

analysis of the prevalence of aTRH in a Spanish cohort reported average manual BP 

readings of 160/84 mm Hg (de la Sierra et al., 2011) and Daugherty likewise was 148/83 

mm Hg in an American Health Insurance Database cohort (Daugherty, et al., 2012). Both 

studies however were based upon mixed primary and secondary care populations and are 

perhaps not comparable to our work which was uniquely based in primary care. In a 

Swedish study, based in primary care (Holmqvist et al., 2016) the average BP for uTRH 

was 152/80 mm Hg and the cTRH to u TRH ratio, as in our study, was 1:5. The level of 

morbidity (e.g. diabetes and CKD) and type of medication used in this contemporaneous 

Swedish group is also very similar to our own. This once again reassured our group that 

our findings were valid. 

Consideration of pseudo-resistance further reduced prevalence rates in our study to 3% 

(95% CI 3.0-4.0). This confirmed our original hypothesis, that pseudo-resistance, when 
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examined, would have a real impact in reducing prevalence figures for TRH. Pseudo-

resistance needs to be examined fully to diagnose TRH. Drug dosing was adequate in 

only 19% of patients (using the WHO-Defined Daily Dosing as a comparator) and 84% 

were adherent to medications (as defined by prescription refill data). In our study, persons 

who had a normal 24-hour ABPM within the past six months, despite elevated manual BP 

readings, were deemed to have WCH and excluded at initial stages.  

Effective dosing in TRH seems a major clinical short coming. This factor had the largest 

effect on reducing the prevalence estimate for TRH in our study to 3%. On closer 

examination of the data, however, the picture is different. There was satisfactory dosing 

of ACEi (93%), ARB (95%), DRI (100%), and CCB DHP (97%) - see Table 3, Paper 1. 

The medications with the most significant side effects (beta blockers, Rate Reducing 

CCBs and MRAs) were the ones much more likely to be inadequately dosed to WHO-

DDD levels. These dosing choices may reflect pragmatic decisions being taken by health 

care providers to avoid over treatment and side effects; remember aTRH cohorts 

frequently involve a greater number of older and co-morbid persons than other 

hypertensive research groups (see Table 1, Paper 1). 

In any case it may be fair to say that the WHO-DDD may be too stringent to use as an 

assessment tool for measuring adequate dosing. Egan et al. (Egan et al., 2013) did not use 

this ‘gold standard’ for this very reason. They choose a different parameter, where all 

drugs (diuretics apart) had to be above 50% of the approved dose (from the local 

formulary). When applying this rule to our cohort, the perceived levels of inadequate 

dosing naturally reduced from 81% to 32%. This may be a fairer approach to use in future 

work. The requirement to maximise doses, as per the WHO-DDD, for ‘Bisoprolol’ of 10 

mgs once daily and ‘HCL-thiazide' of 25 mgs once daily for patients is potentially over-

zealous in my view. These drugs commonly cause side effects in patients (especially the 

elderly) and pursuing doses to these extremes may in fact be harmful to patients. 

Interestingly though, a group of world leading experts in hypertension, stated after a 

meta-analysis of all adequate BP studies, that for every 1000 patients in whom treatment 

is aggressively pushed below 130/80 mm Hg, 16 benefit but harm is caused for 22. They 

state that however this risk may be acceptable (Thomopoulos et al., 2014). 

WCH is common and is found in one third of patients with aTRH (de la Sierra et al., 

2011). When initially identifying our aTRH cohort (n=646), approximately half of the 

group had not previously had an ABPM. This was a surprising finding when the 

technology for ABPM is so ubiquitous, and OOH readings are mandatory in diagnosing 
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hypertension (NICE, 2011). Since early 2017, all those registered with the Primary Care 

Re-imbursement Scheme in Ireland can now access ABPM in primary care for free, and 

this is a most welcome development. It is hoped this change will decrease the burden of 

CVD and uncontrolled hypertensive disease in Ireland, but this has yet to be evaluated. 

We accept that some patients may have provided HBPM reports to their treating 

physicians and WCH may have been excluded via this method, but this type of 

information is not easily available in patient’s files.  

Non-adherence to treatment was also assessed in this paper. We used pharmacy refill data 

to capture an estimate for this. This method of assessment can of course produce well-

known issues with reliability and validity-but there is no clear ‘gold standard’ way to 

assess adherence to therapy. We estimate that 84% of the aTRH cohort were adherent to 

therapy as they collected more than 75% of their scripts. A lower threshold than the 80% 

typically accepted as a cut off, was used, and this approach was necessitated because Irish 

patients in GP request their prescriptions quarterly, as opposed to monthly. We were 

reassured by the findings of others who examined this issue in patients with TRH, as they 

also found a higher prevalence of adherence than that found with direct toxicological 

measures. There was a 93% script re-fill rate (Sim et al., 2013) and an 83.7% script re-fill 

rate (Daugherty, et al., 2012) rate published in two high-quality studies examining this 

issue.  

Overall, it is probably wise that physicians examine for WCH (via ABPM), non-

adherence to therapy (via script re-fill data or adherence questionnaire) and check that the 

right doses and the right drugs are being used in patients with aTRH before referring to 

secondary care. There are of course exceptions: the young, acute BP rises, clinical 

suspicion of secondary hypertension and clear signs of end organ damage. 

 

Adherence 

Generally indirect measures such as prescription refill data and questionnaires provide 

lower estimates for non-adherence than direct testing such as urine or blood toxicology 

(Durand et al., 2017). Interestingly, there was little concordance between the various 

measures for non-adherence that we used at various stages during this project 

(Prescription Re-fill Data versus Urine Toxicology Analysis versus Questionnaire) 

(Durand, et al., 2018). A mixed approach using a combination of both direct and non-

direct methods to detect those with non-adherence is probably best, as this gives the 
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closest figure to the summative 30% prevalence figure for non-adherence in TRH, shown 

in the supplementary paper one (Durand et al., 2017). Interestingly, it is also clear that 

physicians themselves are not particularly good at identifying those who are non-adherent 

to therapy (Meddings, Kerr, Heisler, & Hofer, 2012). 

Adherence is often categorised into two main categories - ‘intentional non-adherence’ and 

‘non-intentional non-adherence’. It’s possible the latter is three times as likely to occur 

(Molloy et al., 2014). It is estimated that up to 30% of hypertensive patients with aTRH 

do not take their medications (Durand et al., 2017). Being competent to talk to patients 

about the issues underpinning ‘intentional non-adherence’ and skilled in teaching the 

effective memory-based strategies to combat ‘non intentional non-adherence’ are vital for 

all health care practitioners, but this type guidance is not widely available.  

It is essential to rule out non-adherence to therapy as a cause for TRH, as the escalation of 

doses or the addition of new drugs can be problematic for patients, especially if they are 

adherent some of the time. 

 

Prognosis of patients with apparent treatment-resistant hypertension and the use of 

composite outcomes. 

 

Multiple cross sectional studies comparing patients with aTRH to those without, have 

suggested increased frequency of target organ damage and later cardiovascular 

complications (Pimenta & Calhoun, 2012). In a key study, Daugherty (Daugherty, et al., 

2012) provides the best evidence to date with an outcomes based study on the 

longitudinal assessment of a large cohort of patients with aTRH (n= 3,960). She found a 

50% increase in cardiovascular events (largely attributable to development of CKD) 

compared to those whose BP was controlled on three medications. This impressive study 

is, however, a retrospective study of electronic insurance data with no assessment of 

ABPM or dosing and with a limited assessment of adherence. Sim also confirmed a 

possible increased cardiovascular risk associated with aTRH in 60,327 patients, as 

patients with TRH, when compared to those without, had significantly increased hazard 

ratios for stroke and mortality of 1.14 (95% CI 1.10-1.19) and 1.06 (95% CI 1.03-1.08) 

respectively (Sim et al., 2015). Similarly, Irvin et al. also report an increased risk for 

mortality for those with TRH compared to those without (Irvin et al., 2014). In the 

feasibility study (Paper 2),we used and reported on the main composite outcome as 

suggested by Daugherty (Daugherty, et al., 2012). This included all-cause mortality and 
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incident cardiovascular events (nonfatal MI, CCF, CVA or CKD). In total, 8.3% of our 

cohort had the equivalent of Daugherty’s composite outcome after a median follow up 

period of 23 months. In Daugherty et al. the mean follow up period was 46 months and 18 

% had the composite outcome in question. Further research is required into assessing 

prognosis in those who have TRH ( AHA)  and we plan to honour this by following up 

the entire cohort identified in paper 1 (n=646), in 2020.  

 

The choice of primary outcome/composite outcome 

 

In any prognosis study, it is essential to pick the correct outcome to measure. It is 

reasonable to expect that all researchers will be able develop a list of potential outcomes 

(both primary and secondary) that can be of use, and are an appropriate reflection of the 

clinical spectrum of outcomes associated with the disease in question. The real difficulty 

at the commencement of a prognosis study is choosing whether a single primary outcome 

or a composite of the various primary outcomes should be reported. The benefits of 

picking a composite outcome is that it often gives an appropriate reflection of what is 

really going on with a disease, and it avoids the difficulty of having to select one single 

outcome from a list of many. The disadvantages are that researchers often construct 

composite outcomes that suit their own needs and this may not be measurable against the 

work of others. It also possible that the chosen composite outcome may be constructed in 

order to show an effect from a smaller sample size.  

 

For the feasibility study (paper 2) we decided that we would report a composite outcome 

including cardiovascular and non-cardiovascular deaths, nonfatal myocardial infarction, 

non-fatal heart failure or stroke or new-onset CKD. We plan to mirror this approach for 

the planned prognosis study in 2020. 

 

We initially choose this composite outcome (cardiovascular and non-cardiovascular 

deaths, nonfatal myocardial infarction, non-fatal heart failure or stroke or new-onset 

CKD) as the best way of reporting on prognosis in TRH in order to mirror the leading 

prognosis paper (Daugherty, et al., 2012), who showed you were twice as likely to get an 

event if you had TRH over essential hypertension. However, we also felt it prudent to 

also consider some additional outcomes that we deemed were also markers of 

deteriorating CV health in the feasibility study. These included, new non-fatal transient 

ischaemic attack (TIA), new onset retinopathy, new atrial fibrillation (AF), new onset 
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peripheral arterial disease (PAD). In all likelihood we will not include these measures into 

the final composite outcome- but we will plan to record their frequency. 

 

We believe that the expected difference between both the exposed and non-exposed 

groups, (with figures derived from a similar research paper which used this composite 

outcome -Daughtery et al., 2012), at the power and statistical level we require, will suit 

the sample size we can reasonably hope to achieve with this study (more detail can be 

found in the discussion section in paper 2). Interestingly, it is also true to say that as CVD 

related deaths have fallen over the last twenty years- so has its use a primary outcome. 

Notably, there is, yet, no agreed core outcome set in the study of prognosis in TRH.  

 

The key point for success in 2020 is that all follow-up strategies should impose as little a 

burden as is possible on practices. Bias- as a result of loss of persons to follow up is a 

chief concern when planning for a future prospective study (Kristman, Manno, & Cote, 

2004; von Elm et al., 2007). Thankfully as 82% of the aTRH cohort are members of the 

primary care re-imbursement service we anticipate that follow-up should be reasonably 

straightforward for this group. Private patients (18%) are a different matter and follow-up 

will require flexibility from researchers, especially if persons have changed where they 

attend primary care. 

 

Feasibility study- urine toxicology testing 

 

Jung et al.(Jung et al., 2013) in a frequently referenced paper confirmed that non-

adherence is a significant problem in aTRH patients. This study involved a toxicological 

analysis of patients urine for anti-hypertensive drugs (n=76), and 53% of patients had 

either partial (0.7) or total non-adherence (0.3). In a methodologically similar study from 

Leicester in 2017 (n=1348), 41.6% and 31.5% persons with a TRH were non adherent, in 

UK and Czech populations respectively (Pankaj Gupta et al., 2017). In an earlier study in 

2014 by the same Leicester-based group, 208 patients with a TRH were assessed via urine 

toxicology analysis and 25% were found to be either fully (0.44) or partially (0.56) non 

adherent. Reassuringly, we found a similar threshold of non-adherence to therapy, both 

partial and complete, in our TRH cohort of 26% (Paper 4). We were not surprised by 

these findings, as we expected a study based purely in primary care to have lower levels 

of non-adherence than found in your typical secondary care clinic. 
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Interestingly, in both papers (P. Gupta, P. Patel, B. Strauch, F. Y. Lai, A. Akbarov, V. 

Maresova, et al., 2017; Jung et al., 2013) about a third of patients who were non adherent 

did not have any medications in their urine. This was only true for 2% in our cohort, once 

again reflecting the scenario that these patients are not attending a referral centre for BP 

control, but exist in an unselected Primary Care cohort. Tomasewski et al. in 2014 had a 

much lower rate of complete non-adherence to therapy (10 %) in their examined aTRH 

cohort (Tomaszewski et al., 2014).  

This is the first study using urine toxicological analysis in primary care. As this is also a 

feasibility study-there are several points I think it prudent to reflect on for future work. I 

think the overall burden of treatment for patients is a significant issue, and we should 

record the amounts of medication that patients are prescribed to take each day, along with 

their typical cardiovascular medications, in all ongoing work. The Leicester group in  

2017 showed that for each increase in the number of anti-hypertensives prescribed, the 

odds of non-adherence increase by 80% (P. Gupta, P. Patel, B. Strauch, F. Y. Lai, A. 

Akbarov, G. S. Gulsin, et al., 2017). We were unable to replicate any of these correlations 

in our study-but this may have been limited by our smaller cohort size. Solutions for 

improving adherence in clinical practice may lie in the use of combination drugs- the 

ESH guidelines of 2018 now support this approach for younger patients. I suspect 

however that cracking adherence in TRH is going to be more complex than combination 

medications alone, especially as non-intentional non-adherence is three times more 

common than intentional adherence (Molloy et al., 2014), Recently ,the qualitative work 

of Marin, Santos, & Moro Ados have provided information about the positive perceptions 

patients have with taking combination medicines (Marin, Santos, & Moro Ados, 2016).  

Secondly, issues still remain concerning the validity and reliability of mass spectrometry-

urine analysis. The predictive values for this type of screening tests are not discussed in 

detail in any of the notable papers (Jung et al., 2013; Tomasewski et al., 2014 & Gupta et 

al., 2017). The ability to detect medications in urine may depend on a whole range of 

uncontrollable drug pharmacokinetic and patient specific factors, such as time of last 

dose, diet and hydration status, rapid metaboliser status, and the presence of co-

morbidities (CKD and DM). All these factors may play a role on whether a drug is 

detected in the urine or not; for example, rapid exercise (a 10 kilometre run) may increase 

drug excretion rates by increasing the body’s innate metabolism, whilst worsening CKD 

may prolong a drug’s half-life. 
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It has also been comprehensively described that extensive variability of serum and urine 

concentrations exist due to cytochrome P-450 mediated drug metabolism (Zisaki, 

Miskovic, & Hatzimanikatis, 2015). Whilst ace-inhibitors are largely metabolised by 

hepatic heterolysis, and thiazides are often unchanged upon excretion, most other drugs 

are metabolized in conjunction with cytochrome P-450 and its various enzymes (Hocht, 

Bertera, Mayer, & Taira, 2010). In essence, this means that many of the drugs we take for 

hypertension, are dependent on the metabolic functionality of cytochrome-450, upon 

ingestion. Whether the cytochrome is being consumed or potentiated by another 

prescribed drug, and whether the patient is genetically proficient with cytochrome P-450 

in the first place, are thus vital considerations. These limitations have not yet been 

incorporated into researcher’s thoughts with regard to using mass spectrometry-urine 

analysis as a method to identify adherence.  

Some of the problems with the predictive value of these tests are best illustrated by the 

following examples. Perindopril, an ace-inhibitor, is largely excreted by the liver and has 

a short half-life, after being rapidly metabolised to Perindoprilat (three to 10 hours). In 

this instance it would be vital to know when the last dose of perindopril was taken i.e. 

earlier this morning or yesterday morning. The absence of Perindopril in the test may not 

mean the drug was not taken. It was for this very reason that we didn’t report on a 

possible link between ace-inhibitor use and non-adherence, although the logistic 

regression models in paper 3, suggest that this might be the case. Similar issues also arise 

in drugs with especially long half-lives e.g. indapamide. It has a half-life of 60 hours and 

although it may not have been taken for two days prior to testing, it can still be detected. 

If researchers were to record the time of ingestion of the last dose of each medication. 

This would be extremely helpful when it came to analysis. 

Of note – we also detected a single extra medication in 16 patient’s urines when 

performing the mass-spectrometry-urine analysis. This has also not been reported in 

previous papers. This prompted re-examination of our techniques. We explored three 

potential reasons for this unexpected finding. The first is that there may have been some 

overspill of drug from previous urine tests to the next test, this can be discounted as no 

evidence corroborating this was found. Secondly, as this is an older cohort, with higher 

rates of CVD and cognitive impairment, there is a possibility that patients may have been 

taking incorrect drugs (old drugs, partner’s drugs etc.). We found evidence of this in one 

practice amongst an older couple in our initial pilot tests on urine toxicology analysis. 

Thirdly, were the drugs that patients were taking adequately recorded for analysis or were 
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there omissions? To test this we reviewed six patient’s files from the most proximal 

practices and found that on four occasions the extra drugs were in fact being taken by 

patients but these had not been recorded adequately in the patient’s files. These were 

typically phone consultation notes from GPs to patients indicating a change back to use of 

an older drugs or secondary care changes that had not yet been received on official 

notification. It surprised us that none of the previous groups using urine toxicological 

analysis had documented trouble with any of these issues. 

Further work is also needed to explore how patients and physicians would feel about 

adopting this approach into the consultation, especially when these type of questions 

exist. Furthermore, as these type of studies typically examine whether drugs are taken 

qualitatively and not quantitatively, one cannot say for sure whether drugs were taken at 

the right time or even in the correct doses.  

Clearly all future work is going to require some form of economic analysis as to whether 

there are savings to be made by identifying non-adherence or not. A recent publication by 

Van Schoonhoven et al. has shown that there are savings to be made by opting for such an 

approach to adherence testing. They showed that per patient, screening resulted in a gain 

of 0.020 incremental quality-adjusted life-years and a negative incremental cost of £495, 

suggesting the intervention is dominant when compared with usual care (van 

Schoonhoven et al., 2018). This may not stand true for a primary care based cohort but 

suggests that this type of analysis is possible. 

Throughout the paper we have stated that lifestyle factors which affect CV prognosis 

(smoking, excessive alcohol use or body mass index) are poorly recorded in patients’ 

files. On refection it may have been prudent to document these features. This would have 

been relatively easy to do as measuring height and weight, and providing a brief smoking 

and alcohol questionnaire is not an excessive work load for researchers. This may have 

yielded far richer information on the prevalence of these issues in the TRH cohort and 

should be incorporated into future work. 

Ethical consent for adherence assessment was not adequately sought in the Jung et al. 

paper and this is, in my view, is unsatisfactory. The significance of what we were testing 

for, was not hidden to patients, at any stage, but by not over-advertising the test that you 

are performing, you minimize the ‘tooth-brush effect- that is that patients improve their 

adherence prior to testing if they know their behaviour is being measured. We believe that 

the principle of patient consent for medical testing is a vital cog in healthcare ethics and a 



 

224 

 

 

keystone of the doctor-patient relationship. Opinions vary- but I believe the sanctity of the 

doctor -patient consult must be maintained, and I believe unscheduled urine toxicological 

testing to be detrimental to this end.  

 

4.3 Clinical Implications 

It seems that TRH is an uncommon condition in GP and use of ABPM to rule out WCH, 

analysis of drug and dosing choices and maximising adherence may be all that is required 

for the management of the vast majority of cases.  

 

Irish GP s’ are reimbursed for performing ABPM in patients who are members of the 

primary care re-imbursement scheme (https://www.hse.ie/eng/staff/pcrs/). In most 

instances, private patients have to pay for ABPM. If patients do not use ABPM because 

of the cost implications, their management is much more likely to be sub-optimal, as the 

many merits of ABPM in diagnosing and manging hypertension are clear to see (O'Brien, 

et al., 2013). The longitudinal study on ageing in Ireland (TILDA) has previously shown 

that those who have to pay for healthcare and medicines in Ireland, have the worst 

hypertensive control (Murphy et al., 2015). In the future I intend to advocate for ABPM 

being available to all for free. 

 

Health care providers in primary care need to be aware of the current ESH guidelines with 

regard to the management of adults with hypertension (Williams et al., 2018a). For 

example, the most recent guidelines suggest the need to consider the commencement of a 

combination medication (RAS drug-CCB) in those who are diagnosed with stage two 

hypertension, and that those with high-normal BP, with a high risk of CAD, should 

commence drug treatment at an earlier stage. The rapid dissemination of this type 

information to health care practitioners on the front line is vital. I plan to engage with the 

professional bodies in GP (ICGP, RCGP) in various ways, such as participating in 

guideline writing and the hosting of workshops on the care of patients with hypertension.  

 

Non-adherence to therapy is also a significant issue in TRH, and in my view the most 

remediable. As part of a knowledge and dissemination project (Knowledge Exchange and 

Dissemination scheme-KEDS), sponsored by the HRB, I have been part of a team which 

has successfully developed an online resource based on drug adherence for the healthcare 



 

225 

 

 

provider (see: www.aminuteforadherence.ie). It addresses multi morbidity and adherence 

via realistic scenarios, recorded consults and information. The goal is that the participant 

can learn from the many techniques on show. This starts up with initiating a conversation 

about non-adherence and moves to tackling this phenomenon within the consult. The bulk 

of material was developed during a collective intelligence workshop of various health 

care providers, patients, and psychologists. Its aim is to educate frontline health-care 

providers who have a paucity of free time and it is short, sharp and user friendly. 

 

I believe that introducing urine toxicological testing, without consent, into the consult is 

fraught with danger. It may have impacts on the doctor-patient relationship that are not 

foreseen. More research is needed to highlight the acceptability of incorporating this type 

of testing into routine practice. Further work is also needed to demonstrate the predictive 

accuracy of this type of analysis. 

 

Secondary hypertension is prevalent in 5% of patients with hypertension. The 

investigations needed to diagnose the common causes of secondary hypertension are 

complex and expensive to interpret and usually require a specialists input. The 

investigator requires a detailed knowledge of primary hyperaldosteronism, renal 

parenchymal disease, renal vascular disease and phaeochromocytoma, in order to 

interpret any test results. Therefore the investigation of secondary hypertension should be 

targeted to specific group as opposed to done on a population wide screening basis. In my 

view this is warranted for any persons showing the clinical signs and symptoms of 

secondary hypertension, a rapid rise in BP, or for those who are young or show evidence 

of target organ damage. The referral of patients with aTRH should occur after the GP has 

effectively ruled out pseudo-resistance- provided that this is the only concern. The 

investigation of secondary hypertension usually requires a referral to secondary care 

(most likely a nephrologist), but regional variations exists.  

 

I plan to work with the ICGP, RCPI, and university partners on developing a clear and 

concise protocol on the management of aTRH for primary care providers. It will focus on 

pseudo-resistance in those with aTRH and how to start a conversation about non-

adherence. 

4.4 Strengths and limitations of the study  

These are discussed in detail in the papers (1-3). 

http://www.aminuteforadherence.ie/
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Limits of the STROBE guidelines-regarding observational studies. 

 

The STROBE document produced by the WHO is the chief guideline for the reporting of 

observational studies (von Elm et al., 2007). It should not be used as a methodological 

assessment tool. It was designed to make research more transparent and advise 

researchers on how to minimise bias. It is important to remember that just because a 

research paper meets all the criteria of the STROBE document, it may still be flawed in 

its design and assumptions. In truth, the three key aspects of bias must be unequivocally 

considered in order to rank a research paper as having a high quality. These are of course, 

the bias of population selection, the bias of not considering confounding features 

adequately, and the bias of not recording the correct types of information. A paper which 

considers all forms of bias in a competent fashion may be regarded as a high quality 

paper, even if some aspects of the STROBE guidelines are absent- like whether the study 

design is mentioned in the title or not , or if sensitivity analyses are performed on the data 

or not. If decisions are made in literature reviews or systematic reviews to exclude papers 

on the basis of whether they meet all the STROBE guideline checklists or not, rather than 

on more important factors like assessment of bias, then this is my view an incorrect 

approach.  

 

4.5 Further research in TRH 

My future work plans 

 

 

Plans for future work-Paper 1 

The planned next steps, as per Daugherty (Daugherty, et al., 2012), Sarafidis (Sarafidis, 

Georgianos, & Bakris, 2013), and Achelrod (Achelrod et al., 2015) would be to upscale 

the scope of this project, to a much larger and diverse cohort, and then to assess 

prognosis, ideally incorporating diet and exercise, which are all too often not considered 

in papers. Extracting the data electronically would be ideal and allow for inclusion of a 

much larger sample size- but I am not sure the capabilities of doing this is available 

currently in Ireland. 
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Plans for future work-Paper 2 

We plan to complete the prognosis study in 2020 (five years since initiation of the cross 

sectional study-Paper 2). Daugherty et al. found that 18% and 13.5% of patients with 

aTRH and essential hypertension respectively, had the composite outcome over 3.8 years. 

In total, 8.3% of our cohort had the equivalent of Daugherty’s composite outcome and 

17% a combination of all cardiovascular events. This suggests that a review of our entire 

original cohort over four years will result, at least, in similar outcome proportions to those 

of Daugherty. Taking our original cohort of 6,045 patients with essential hypertension 

and 646 patients with aTRH, and allowing for a loss to follow up of 10% and applying the 

proportions of 18% and 13% (as per Daughtery et al., 2012), with a significance level of 

0.05, confirms that the cohort has 80% power to show a significant difference. I am also 

currently co-author on a systematic review/meta – analysis, attempting to assess the 

prognosis of patients with TRH. 

 

Plans for the future-Paper 3 

The planned next steps, as per Gupta et al. (Gupta, et al., 2017) would be to upscale the 

scope of this project to a much larger and diverse cohort, and then to assess non-

adherence, ideally using urine toxicological analysis, and consider whether predictors for 

non-adherence in patients with TRH can be established.  

A separate plan would involve designing an RCT to evaluate whether patients with aTRH 

who are deemed non-adherent via urine toxicological analysis would benefit from the 

ongoing use of this type of testing in tandem with 24 hour ABPM reporting. Non-

adherent aTRH patients would also act as controls. The hypothesis is that showing non-

adherent patients their improving ABPM reports as adherence gets better (through 

repetitive toxicological testing) ultimately delivers better prognosis. 

 

Hot topics in TRH research internationally. 

  

Renin Testing 

Low Serum Renin hypertensive patients seems to benefit more from diuresis and CCB 

treatment than RAAS drugs. Although not a standard of practice in any setting, it is 

becoming clear that this test might be useful. Lower renin levels (plasma renin 

activity/PRA<0.65 ng/ml/h) indicate sodium-volume-excess and when patients are 

identified as being ‘in a low renin state’ the gradual withdrawal of RASS drugs and BBs 
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and the addition of a more effective form of drugs (namely diuresis or CCBs) can 

improve BP control (Egan et al., 2009).   

 

Genes in Treatment Resistant Hypertension 

TRH is a complex multifactorial disease. Single isolated genetic variants may not reveal 

significant associations with TRH because their effects may be dependent on gene-gene 

or gene-environment interactions. It has been shown that carriers of the AGT 235T allele 

angiotensinogen (AGT) were at increased risk for resistant hypertension, especially if 

they were older than 50 years. The AGT 235T allele constitutes an independent risk 

factor for resistant hypertension (Yugar-Toledo et al., 2011). In a wider hypertensive 

context-uromodulin (UMOD), on chromosome 16, has been attracting much attention as a 

candidate gene for human essential hypertension. It has been shown that UMOD regulates 

sodium uptake in the thick ascending limb of the loop of Henle by modulating the effect 

of tumour necrosis factor-alpha (TNF-A) on NKCC2A expression, making UMOD an 

important determinant of BP(Graham et al., 2014). It has been suggested that those who 

are UMOD-positive, may benefit from the introduction of loop diuretics at a much earlier 

stage- to help lower BP and CVD risk (Zacchia & Capasso, 2015). This may be worth 

considering if available to patients with TRH. Genetic testing however is expensive and 

not available routinely. 

 

Best 4th line drug for TRH 

The BIHS currently have a trial in motion in the PATHWAY project looking at whether 

the best 4th line drug to use in TRH can be guided by renin activity (Olson et al., 2012). 

The group will test BB, MRA and Alpha Blockers similar to the PATHWAY-2 Trial but 

will guide the choice of fourth line medication from the plasma renin activity level and 

look at longer term outcomes than a single years BP improvements.  This will surely aid 

practitioners who routinely manage TRH.  

 

Multiple diuretics 

The BIHS are also analysing the benefits of single versus combination diuretics in 

patients with low renin hypertension.  

 

 

 

 



 

229 

 

 

Chronotherapy 

The BIHS are also investigating the benefits of night-time dosing. The aim is to assess 

whether controlling nocturnal hypertension, with a night-time medication dose, actually 

improves prognosis.  

 

‘Entresto’ in TRH 

A recent trial (The Paradigm-HF trial) showing the protective effects and reduction in 

morbidity and mortality in HF-REF from Valsartan/Sacubitril (Entresto) suggests that 

these drugs may also have a role to play in hypertension-especially TRH (Nielsen et al., 

2018). These drugs are a combination of an angiotensin receptor blocker and a neprilysin 

inhibitor and are called (ARNi). The role ARNi drugs play in reducing blood pressure has 

been proven as a concept, and is greater than either ACE or ARB alone. The absolute 

safety of these drugs (hyperkalemia, angioedema) outside of use in heart failure 

populations have yet to be proven, but trials on the use of this drug in TRH will be 

upcoming (Ruilope et al., 2010). 

 

Adherence  

The examination of non-adherence in the treatment of hypertension will continue. It is 

clear that adherence is a difficult problem to solve- and will require a multi-disciplinary 

approach (physicians, nurses, pharmacists, psychologists, researchers). More complex 

approaches involve the use of drug chips that are activated by gastric acid and sensors, to 

monitor adherence (Burnier et al., 2001).  

 

4.6 Conclusion 

In a meta-analysis examining the prevalence of non–adherence in aTRH, we estimate up to 

30% of patients fail to take their prescribed medications (Supplementary Paper 1). 

Controversy still remains regarding a ‘Gold Standard’ for the measurement of adherence. 

Possibly the best way to assess this is to use a combination of both direct (urine/blood 

toxicology, observed therapy) and indirect (questionnaire) methods when trying to 

ascertain estimates. Direct measures usually give much larger estimates for the prevalence 

of non-adherence than indirect, and a combination of both methods gives closest to the 

pooled estimate in the meta-analysis.  
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Paper 1 shows that the prevalence of aTRH (9-10%) is not as high as previously described 

(10-30%). When pseudo-resistance is adequately examined, the prevalence of TRH 

condition falls by up to two thirds. The examination of pseudo-resistance may be all that is 

required for managing TRH in the vast majority of cases.  

It’s feasible to do a prognosis study on a cohort of patients with TRH in general practice 

(Paper 2). Both the AHA and NICE recommend that more research work is needed 

examining the prognosis of patients with TRH. We plan to follow the TRH cohort identified 

in Paper 2 in 2020. Loss to follow up and the identification of a complete set of core 

outcomes for prognosis in TRH are vital to the success of any future study. 

Non-adherence when assessed via urine toxicological analysis suggests that most patients 

in primary care take their medications (74%), and that complete non-adherence to therapy 

is rare (Paper 4).WCH is also common in patients with TRH (28%). This combined 

approach of using ABPM and urine toxicological analysis to test adherence may well yield 

savings for healthcare programs in the long run through maximizing blood pressure control 

in high risk populations and improving prognosis. Further research on how to incorporate 

routine urine toxicological analysis into individual patient consultations and its associated 

cost-effectiveness (€ 50-100 per sample tested) is now appropriate.  
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Chapter 6:  Appendices 

Appendix 1: Invite Letter (sent to practice doctors) 

 

Dear Dr_________ thank you for taking the time to read this notice.  We are seeking 

some help with a hypertension research project and hope to continue the strong links 

between the Dept.GP NUIG and our fellow General Practitioners.  

 

What we are seeking? 

We would like to invite your practice to participate in this study in order to pragmatically 

determine the prevalence of Treatment Resistant Hypertension (poorly controlled 

hypertension despite 3 or more BP medications) in Irish general practice. Anyone with 

presumed Treatment Resistant Hypertension after assessment in the practice (see below) 

will be offered the opportunity to attend a specialist Resistant Hypertension Clinic in 

Merlin Park Hospital led by Dr Sharif (Cardiology) and assisted by Nephrology and 

Endocrinology colleagues for treatment and assessment of secondary cause for sub-

optimally controlled hypertension. 

 

What’s required of me and my practice? 

With the reimbursement for practice time of 1,000 euro and a ‘ready to roll’ practice audit 

for 2016, we would need some practice time and help. There will also be a raffle for any 

surplus ABPMs (odds of nearly one from two practices will win) at the end of the 3-year 

research period. 

 

SHORT EXPLANATION OF WHAT WE WOULD NEED 

 

1) Access to a free computer for 3 days over any 2-3 week period to perform the practice 

audit. (Only anonymized data ever leaves your practice and we will sign confidentiality 

agreements.) 

 

2) 50-70 patients discovered through this audit to receive a letter of invitation to 

participate in the study through the practice (cost via project team) and then those who 

consent to participate will receive an ABPM through your practice (We have ABPM 

machines we can loan during this time to you). These patients who consent to participate 

(estimate per practice would be 20-40 patients) will also fill in a questionnaire on 

compliance and provide a urine sample to the team / your practice nurse for assessment of 

compliance with medications through the UHG lab. We would need some practice nurse 

based assistance for the ABPM and urine sample provision from those deemed to have 

apparent Treatment Resistant Hypertension. These visits for ABPM/urine can be 

scheduled for any time. 

 

MORE DETAIL 

 

-With your permission, we will come to your practice and help perform an audit using a 

specifically designed tool on ‘Socrates’ to identify patients with apparent ‘Treatment 

Resistant Hypertension’. We will then code these patients as having apparent ‘Treatment 
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Resistant Hypertension’ whilst performing an audit for your practice on Resistant 

Hypertension and the levels of Ambulatory Blood Pressure Monitoring amongst this 

group. This will fulfill your medical council requirements for this year. 

  

-You will also have all your ‘high risk hypertensive patients’ now coded (Z49) and 

available for further audits or HIQA requirements going forward. You will also be now 

more aware of who these patients are in your clinical practice and we will also code any 

patients where we see compliance issues (Z11) with medications during our audit. 

 

-We would like to invite any patients who are deemed after the audit of having apparent 

‘Treatment Resistant Hypertension’ to meet with your practice team and/or representative 

from our team to have Ambulatory Blood Pressure Monitoring performed in the practice, 

provide urine samples and to fill in a questionnaire. 

 

-We will call these patients with apparent Treatment Resistant Hypertension by way of a 

letter of invitation to participate in the project. We will follow this up with one phone call 

to non-responders. Any patient who agrees to participate [after a 2 week lag period (letter 

–potential visit) and reading the participant information leaflet provided] will sign a 

consent form to agree to ABPM, urine testing and questionnaire filling. 

 

-We will then review the ABPM, urine testing and questionnaire data and let the practice 

know re compliance and white coat hypertension issues. This will be likely 50-60% of the 

patients. Anyone who still seems to have presumed Treatment Resistant Hypertension 

will then be contacted again (through the practice and circa 10 patients estimated) and 

offered the opportunity to attend a specialist clinic for further evaluation. 

 

What about patient data and confidentiality? 

-We have ethical approval from the ICGP to perform an Audit whilst performing a 

prevalence study to determine the amount of Resistant Hypertension in Irish general 

practice. We will leave your practice with anonymous unidentified data/ numbers only 

and these numbers are not tied to any patient or file. We will happily sign a practice 

confidentiality agreement prior to the audit. We have ethical approval also for ABPM/ 

urine testing and questionnaire from the UHG Ethics Committee in Merlin Park Hospital. 

 

Why is this important? 

Arterial hypertension accounts for, or contributes to, 62% of all strokes and 49% of all 

cases of heart disease. Within the hypertensive population lies a cohort at the upper end of 

the cardiovascular risk spectrum – those with hypertension resistant to treatment.  Pimenta 

and Calhoun (2012) suggested the prevalence of resistant hypertension to be between 15% 

and 30% of treated hypertensive patients. They together with the American Heart 

Foundation (2008) and the UK National Institute for Health and Care Excellence (2011) 

suggest the need for further research into the prevalence, prognosis and management of 

patients with resistant hypertension.  Everyone agrees that there is a need for further 

research about how common resistant hypertension is, what happens to patients who have 

it, and how to treat them. 
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What do I get out of it? 

We will provide you with 1,000 euro for your time, an audit which will fulfil your yearly 

Continuous Professional Development submission to the ICGP, and finally we will also 

code all patients on your Socrates system who are deemed to have apparent Treatment 

Resistant Hypertension. You will also enter into a raffle for an ABPM device at the 

conclusion of the project (almost 1 in 2 practices will win). 

 

Will it take long? 

We need access for 3 days to a computer in your practice with the Socrates programme 

and then over a 2-3 week period we would with the assistance of your practice nurse and 

at a time convenient to the practice, meet with the patients with apparent Treatment 

Resistant Hypertension. We/Practice nurse will at that stage perform the ABPM, urine 

and questionnaire testing which will rule out those who are non-compliant with 

medications or who have true ‘White Coat Hypertension’ as we will try to assemble a 

cohort of those with presumed Treatment Resistant Hypertension who can then see a 

specialist for further assessment and care.  

 

This project will clearly benefit the patients who are identified as high risk of morbidity 

from their hypertension. These patients have been shown in the literature to have a much 

higher risk of early cardiovascular complications. Further evidence regarding 

cardiovascular risk, compliance and behaviour is always welcome to GPs also and we 

will fully publish/disseminate our data. 

 

How can I let you know it’s something we might be ok with or want to know more? 

You can email or call us at:          Tel: 086-8733401 

monica.casey@nuigalway.ie    /   peter.hayes@nuigalway.ie    

 

 

 

 

 

 

 

 

 

 

 

  

Prof. Andrew W. Murphy Dr. Peter Hayes Monica Casey 

Head of Discipline of General 

Practice 

Lecturer in Primary Care Research Nurse 

Discipline of General Practice, School of Medicine, National University of Ireland Galway 
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Appendix 2: Practice Confidentiality Agreement 

 

PRACTICE CONFIDENTIALITY AGREEMENT 

 

Name of Practice: _________________________________________ 

I agree to be bound by the normal procedures governing patient confidentiality in this 

practice. Information about individual patients will be treated with the strictest 

confidentiality and I will only view information that is relevant to my position and job 

description. 

 

Name (block capitals): ___________________________ 

 

Signature: ____________________________________ 

 

Date:          ____________________________________ 

 

Witnessed by (member of practice staff): ____________________ 
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Appendix 3: Waiting Room Notice 

 

  

_________________ IS A RESEARCH PRACTICE.  

How we use medical information to help everyone  

Information about you and your medical treatment may be recorded either on paper or in 

computer files, as part of providing you with health services. This information is needed 

to give you and others the best possible health care.  

We may use some of this information for other reasons, for example, we are currently 

involved in some research studies that require anonymous information from patient’s 

notes. You cannot be identified from this information.  

Some research will require your direct involvement in which case the circumstances will 

be fully explained to you and your express consent required.  

You can have a say in how this practice uses information about you. If you do not wish to 

contribute your information for research, please notify a member of staff. If you choose 

not to contribute your information this will NOT affect your treatment in any way. If you 

have any questions about the research please ask and we will provide you with further 

information.  

You also have a right of access to your health records. If at any time you would like to 

know more, or have any concerns about how we use your information you can speak to: 

____________________  

____________________________________________________  

EVERYONE WORKING FOR THIS PRACTICE HAS A LEGAL DUTY TO 

KEEP INFORMATION ABOUT YOU CONFIDENTIAL 
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Appendix 4 : Patient Information Letter 

 

 

Dear______________, 

                               we are working in conjunction with your GP and we are writing to you 

to see if you could help us with a research project that NUI Galway (the university and 

university hospital) are running to make the lives of people living with high blood 

pressure better. 

 

You have been diagnosed with high blood pressure (as I’m sure you are aware) and this 

seems difficult to control with medication. Your GP has identified this fact whilst doing 

an audit (a look at the GP’s own files). 

 

We are wondering whether you would agree to meet with us (the research team) at your 

own GP practice on a day that suits you and we would do some further tests regarding 

your blood pressure to see if we could help control this better.  

 

If you agree to participate you would certainly be helping in the management of your own 

condition but you also would be help further the knowledge about blood pressure and 

how best to deal with this. 

 

I have attached an information leaflet below in order to help you reach a decision. You 

are not under any pressure at all to participate but we would appreciate all the help we 

could get. 

 

If you give your consent to participate after reading your leaflet you can call and we could 

arrange a conveniant time to meet at your own GP’s practice. We will follow this letter up 

with one further phone call if that is ok. 

 

My very best wishes and thanks for your time 

 

Ms Monica Casey Research nurse Dr Peter Hayes Research GP Dr X Practice Principal 

 

Patient Information leaflet: Resistant Hypertension 

 

Principle Investigators:  

Dr Peter Hayes (NUI Galway Research Department of General Practice)/Your GP and his 

Team 

 

We are inviting you to take part in a research project. Before you agree to take part in the 

study you must understand why we are doing the study and what will be expected of you 

if you agree to take part. We are providing you with this information sheet to explain the 

study to you but if you have any questions about the study after reading this sheet please 

feel free to ask us. 
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What is the point of this ‘Resistant Hypertension’ project? 

 

Uncontrolled high blood pressure can cause Heart attacks and strokes. Of those who have 

high blood pressure there are a certain number of people who have difficult to control blood 

pressure, we call his ‘resistant hypertension’ and maybe 10-30% of all people with high 

blood pressure have this difficult to control variety. Everyone agrees that there is a need for 

further research about how common resistant hypertension (poorly controlled blood 

pressure) is, and what happens to patients who have it, and how to treat them. 

 

 

Why am I being asked to take part? 

 

You have been diagnosed with high blood pressure (as I’m sure you are aware) and this 

seems difficult to control with medication. We are looking to recruit patients who have 

difficult to control blood pressure and assess them further.  First off we would like to test 

whether the blood pressure is really high or not. A blood pressure can sometimes be high 

only in the surgery but not at home. A little box worn on the belt for 24 hours can help 

with this. We can provide this for free to you in your own GP’s practice. 

We would also like to test the success of your tablets in controlling your blood pressure 

by testing in your urine for them (you would give us a sample) and by you donating one 

small hair sample to us (just the top and we do not need to pull anything our etc). 

 

 

What do I have to do? 

 

Call your our project research nurse between the hours of 12.00-13.00 any day and let her 

know you would like to be included in the study. Her contact details are listed below. 

 

You will then be asked to attend the practice on a morning that suits you. You will be 

asked to fill in a questionnaire on your tablets, how you feel about them and how good 

you are to take them. This should only take 10-20 minutes. You will also be fitted with an 

ambulatory blood pressure monitor. This sounds difficult but it is actually a normal blood 

pressure cuff (like any other time you have had your blood pressure taken before) and this 

cuff is attached to a box at your belt. You will wear this including in bed for 24 hours and 

it will take your blood pressure every 30 minutes or so. This will give us 30-50 readings 

of your blood pressure asleep, at home, here and at work / play. You will return the 

monitor to us the next day and we will take it off for you and give your GP the results.  

 

You will also give us a urine sample which will be tested as to how successful your 

tablets are working. We will also send this to make sure your kidneys are functioning 

well. 

 

You will be given a consent form to fill in before taking part in the study. You can write 

your initials in the boxes to indicate that you are happy to take part in the study.  
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Please be aware that you do not have to take part in the study if you do not want to 

and your medical care or legal rights will not be affected by your choice. There is no 

financial incentive offered. This is however an important research area and we really want 

to improve the lives of people who have high blood pressure 

 

If the blood pressure monitor worn for 24 hours shows that you still have high blood 

pressure and your urine shows your tablets are working but not controlling the blood 

pressure, you will be offered an appointment with a cardiologist who has a specialist 

interest in difficult to control blood pressure and this clinic will do a full assessment on 

you and come up with a new treatment plan. You do not of course have to accept the 

invitation to this clinic at any stage. 

 

What happens to the information about me you collect? 

 

We will make your data/information anonymous (removing your name) and you will be 

allocated a unique number for the length of the study. Your data/information will be held 

on a secure computer that only the research team can access and we will not give your 

information to anyone else 

 

  

Your data will be stored securely and in accordance with data protection regulations. It 

will only be accessed by the trial authorised staff.  

 

During the trial authorised personnel may review your medical chart on your Gp’s 

computer to assist with the trial. 

 

Who should I contact with any questions / comments / suggestions? 

 

Please contact Monica Casey by email or telephone in the first instance (details below). 

Monica Casey is a research nurse based at NUI Galway, If you have any questions or 

would like further information about the study, please get in touch and Monica Casey. 

 

Contact  

Monica Casey, RH Research Nurse,NUI Galway,086-

8894167,monica.casey@nuigalway.ie 
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Appendix 5: Audit Template 

 
Practice Audit 2015 

 

 

Ambulatory Blood Pressure Monitoring rates in patients 

identified as having apparent Treatment Resistant 

Hypertension (aTRH) in General Practice 

 

 
 

Practice / GP Name: Dr XX 
 

Date: 15/12/2015 

 

 

 

 

  

Audit supported by the study - Resistant Hypertension in General Practice: Prevalence, 

Prognosis, Description and Development of a Platform Cohort for Future Research 
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Introduction 

The current practice audit was undertaken in December 2015. The aim of this audit was 
to improve the quality of care for patients with Resistant Hypertension through adherence 
to the Guidelines for Ambulatory Blood Pressure Monitoring in Primary Care in Ireland.   

Reason for the audit  

Arterial hypertension accounts for, or contributes to, 62% of all strokes and 49% of all 
cases of heart disease. Within the hypertensive population lies a cohort at the upper end 
of the cardiovascular risk spectrum – those with hypertension resistant to treatment.  This 
is a patient taking 3 medications (including a diuretic) or 4 or more anti-hypertensive 
medications and still not reaching the BP target (NICE, 2011). 
Pimenta and Calhoun (2012) suggested the prevalence of Treatment Resistant 
Hypertension (TRH) is between 15% and 30% of treated hypertensive patients. They, 
together with the American Heart Foundation (Calhoun, 2008) and the UK National 
Institute for Health and Care Excellence (NICE, 2011), suggest the need for further 
research into the prevalence, prognosis and management of patients with Treatment 
Resistant Hypertension.  Everyone agrees that there is this need for further research 
about how common Treatment Resistant Hypertension is, what happens to patients who 
have it, and how to treat them. 
The gold standard for audit is that all these patients with apparent Treatment Resistant 
Hypertension (aTRH) have Ambulatory Blood Pressure Monitoring testing, where 
available (Fagard, 2012 ; O’Brien, 2013). A certain proportion of these patients will show 
the so-called  ‘white coat effect’, where a patient is actually reaching their BP target for 
most of the day but has high readings in the physicians consulting rooms on manual 
readings due mainly to anxiety. This group may well need less attention than those who 
are a confirmed through ABPM as having Treatment Resistant Hypertension. Furthermore 
it is believed that for ongoing effective management of this ‘Treatment Resistant 
Hypertension’ group, repeat ABPM may be needed (O Brien, 2013). 

 

 Methodology & Search Protocol 

The search involved using a specially designed information technology ‘patch’ to seek 
out patients on 3 or more typical blood pressure medications. The ‘patch’ was run 
through the ‘Socrates’ patient software system and is available currently in all ’Socrates’ 
based general practice systems. This allowed us to produce a list of patients with 
apparent TRH in our practice, which was then fully refined by file searching. 

Search protocol to identify a cohort of patients with aTRH 

 

Initial inclusion 
Search for all patients on ≥ 3 anti-hypertensive medications  
 
Exclusions through file search  
Not meeting resistant hypertension medication criteria  
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i. Not on 3 Meds  
ii. Not on diuretic  

 
Not current patients of practice  

i. Not seen in last Year  
ii. R.I.P.  

 
BP is controlled 

i. Manual 
ii. ABPM 

 
No recorded BP’s  
 
 
Threshold for inclusion (BP) 
 

Medical Status Manual /ABPM BP 

DM/ CRF Manual/ABPM BP˂130/80 

No DM/CRF Manual BP˂140/90 

No DM/CRF ABPM BP˂135/85 (Daytime 
Average) 

 

Criterion or criteria to be measured  

 

Ambulatory Blood Pressure Monitoring is a pre-requisite for all hypertensive patients who 
are not controlled on multiple anti-hypertensive medications (3 or more medications 
including a diuretic or any 4 medications). These are patients deemed to have apparent 
Treatment Resistant Hypertension. Manual blood pressure monitoring is seen as 
potentially inaccurate especially in those with anxiety in Clinical environments (White 
Coat Effect). Furthermore it is believed that for ongoing effective management of this 
‘Treatment Resistant Hypertension’ group, repeat ABPM may be needed (O’Brien, 2013). 

Standard(s) set  

It is recommended that all of these patients (100%) with (aTRH) have had ABPM to confirm 
hypertension and repeat measurement for the most effective clinical management. This 
then excludes ‘the white coat effect’ and helps greatly with dose adjustment and 
medication checks (O’Brien, 2013). 

Preparation and planning  

This took place in conjunction with all practice staff including the GP’s, Nursing and 
administrative staff. This took place over a number of months through email, practice 
visit and phone calls. The protocol was explained and refined. The search criteria were 
re-examined at each stage. The staff were also informed of the need to re–audit in 1 
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years’ time. All of the patients with aTRH have been coded with ‘Z49’ on the Socrates 
system. 

Results of data collection  

See accompanying ‘Table 1’ for the Flow Chart of the practice report and ‘Table 2’ for 

the re-audit data. 

Recommendations/Conclusions  

 ABPM for all patients with (aTRH). 

 Compliance chats to check whether patients with (aTRH) are taking their meds. 

 Lifestyle reviews to include BMI, Diabetes/Lipids assessment, Smoking and 

Alcohol consumption and an assessment for Obstructive Sleep Apnea 

 Review of other medications contributing to hypertension (NSAIDS, 

Prednisolone, Oral Contraceptive Pill etc.) 

 Dosing review is needed for those with aTRH. Are all of the medications 

prescribed at maximally tolerated doses? Are you using the optimal medications? 

A potent thiazide diuretic is vital (See Fagard, 2012). 

 Consider referral to secondary care as per local referral criteria, to rule out 

secondary causes for hypertension and for further management. 

Conclusions 

[TO BE COMPLETED BY PRACTICE] 

Acknowledgements  
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GP Medical Centre 
ABPM use in Resistant Hypertension Audit Report 

  

 

 
  

Patients in practice  
N=4484 

Coded for hypertension  
K85, K86, K87  

N=458 

% of Hypertension per 
practice population  
=10.2% (458/4484) 

Apparent Treatment Resistant 
Hypertension (aTRH) 

Patients on ≥3 antihypertensive meds 
including a diuretic with ongoing 

hypertension or ≥4 meds with/without a 
diuretic (N=34) 

% Prevalence of apparent Treatment 
Resistant Hypertension amongst 
hypertensive population N=7.4% 

(34/458) 
 

Systematic Review suggests 
international average (Prevalence of 

aTRH) =13% (Achelrod, 2014) 

% Patients with Apparent Treatment 
Resistant Hypertension who had ABPM 

=5.8% (2/34) 
 

% Patients with Apparent Treatment 
Resistant Hypertension who had ABPM 

at projects completion (Re-audit) 
=47% (16/34) 
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Appendix 6: Consent Flow Sheet 

 
Consent Step 1:  
 
Those patients identified with aTRH after a supported practice audit will have an 
invitation letter and participant information sheet (appendix 1) posted to them asking 
whether they would be interested in participating in the study. A single follow up phone-
call will be made to for non-responders. 
 
 
 
 
All will be offered an opportunity to come in for a review by the practice nurse (with 
some help from the research project team).  
 
 
 
 
 
Potential participants will be told at this time (letter and phone) that the review will 
include discussions about wearing an ABPM, giving a urine sample and also taking a 
questionnaire about how patients take their medicines. It will also be said that NUIG are 
involved with a research project looking at aTRH in the practice. Participants will be fully 
free to decline a review of their blood pressure with the practice nurse at this time and 
their care will be unaffected (this will be stressed). 
 
 
 
 
 
Potential participants who come in for review will be given time to discuss what the 
project entails and ask any appropriate questions. If they feel that they would like to 
consent to take part, they can then sign a consent form for the research project. Opt out 
at any time is allowed.  
 
 
 
 
Those who consent will have  

1. ABPM applied to see whether they have WCH or not 

2. Give a urine sample to test medication adherence 

3. Complete a questionnaire based on medication adherence 

4. Patients with clinical need are offered (via their GP’s) the opportunity to attend 

the RH Clinic in Merlin Park Hospital, Galway 
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Appendix 7: Patient Consent Form for Urinalysis/ABPM and Questionnaire. 

 

PATIENT CONSENT FORM 
 

 
Please read this form carefully – its purpose is to make sure that you fully understand 
your part in the research before agreeing to participate. 

    Please tick 
box 

 
1. I confirm that I understand what my participation in this study will 

involve.      I have had the opportunity to consider the information 
provided, ask questions and have had these answered to my satisfaction. 
.  

2. I also agree to wear a 24 Hour blood pressure measuring device to assess 
how well controlled my blood pressure is. 

3. I understand that my participation is voluntary and that I am free to 

withdraw from the study at any time without giving a reason, and 

without my medical care or legal rights being affected. I understand that 

there will be no financial benefit if I choose to participate. 

4. I understand that relevant sections of any of my medical notes and data 
collected during the study, may be looked at by research team from NUI 
Galway, where it is relevant to my taking part in this research.  

5. I agree to provide a urine samples which will be used to test how 
successful my tablets are working 

6. I agree to take part in the above study. 

 
 
 
 
……………………………………    …………………………………     …………………… 
Name of Participant                             Signature             Date 
 
 
 
 
……………………………………    …………………………………     …………………… 
Name of person taking consent           Signature             Date 

 

 

 



 

268 

 

 

Appendix 8 : Urine SOP (Standard Operating Procedure) 

 
Getting the sample from the patient.  

1. Consent and GET A FULL SAMPLE in a typical clinic sample universal 

container. We did not use the boric acid 'red tops' as the 'white tops' were only the 

only transport medium used. 

 

Transport to the Lab and onto the Freezer and Storage 

1. Samples must be sent via Westdoc standard lab delivery service from practices. 

2. Phone-text Project team with the number provided that samples are being sent to 

the lab 

3. Project Team will arrange collection from lab and transport to CRF storage 

facility. 

4. Project Team will arrange for pipetting to 5 small vials and frozen storage via 

CRF ‘link-person’. 

5. We did not use dry ice for transport between practices and lab or lab and CRF 

(cost) but most projects have not used this.  

6. Samples not frozen to -80 C within 24 hours are probably useless, as drugs 

disintegrate after this. 

 

Anonymity 

The samples are not stored in a clinical environment and thus should not be identified. 

This is an ethical issue. We assigned codes, we self-generated, to all samples.  

 

Labelling 

All samples bottles were coded with a 'sharpie' pen, this ink cannot be removed. We sent 

all universal containers per patients in a lab form/sleeve (type doesn't matter). On the 

paper front of the form, we put the patients code, their recent e GFR 

(pharmacology requested), and the medications that were supposed to be in the sample. 

The CRF link person collecting the samples, pipetting these, and placing into the -80 

freezer, kept these lab forms for us in a labelled box next to the freezer. 

 

Testing 

48 hours’ notice are required for CRF to remove the samples required from the fridge. Ice 

is used to transport to the mass spec. for testing. Immediate testing is best. Take max. 2 

vials at a time only  
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Appendix 9: Socrates Search 

 

a. To identify those with aTRH 

b. Mail Merge 

c. Practice Protocol for day of booking (ABPM/Urine/Questionnaire) 

 

 

a) Initial Process to identify those with a TRH 

 Socrates: Home screen select-Reports-Prescriptions-Socrates Search (See pics 1-

3) 

 Select Load Resistant Hypertension which loads all the antihypertensive meds 

 Leave date restriction blank 

 Under Select drugs: choose 3 or more. 

 Run the report which will give a list of all patients on 3 or more antihypertensive 

since records began (See picture 4) 

 Print the list of patients. We suggest with 2-4 pages per printed page, depending 

on eyesight etc 

 Discard all patients (private and GMS) whose last script was dated greater than 1 

year ago. Further discard all, medical card (GMS) patients who have not had a 

script in the last 6 months. These are not active patients of the practice. 

 Examine the patient’s files who take 3 hypertensive meds (including one or more 

diuretics) or 4 meds (any). 

 Include any person who takes 4 meds and only persons who take 3 meds if their P 

is > 139/89 mm Hg (last manual reading on file) or > 129/78 mm Hg (for 

DM/CKD). 

 

             Extra Useful Notes 

 It is clearly useful to check whether the patients has DM or CKD first as these 

gives the limits for inclusion (via BP) 

 Please also mark if any ABPM ever done, for each patient, this is for audit 

purposes 

 CKD=eGFR<60. Many practices will have eGFR in the patients file ie open 

‘consultations’, enter name, then ‘investigations’. If the Cr is only given you need 

to input data into an eGFR calculator online along with the patients sex/age. Note 

–please check that the method to calculate the Cr is either MDRD or Epi formula 

(Depends on what your local lab uses).  

 Manual BP may be stored in 3 places. It is mainly stored in the patients notes, but 

also can be found in a recorded BP slot on the top right of the homepage in the 

patients file. 

 If no BP in the last year or ABPM in the last year exclude on those grounds. 

 ABPM are typically stored in ‘documents’ as they and printed off and scanned 

into the patients file (90% of time). You must check in each practice where these 

are stored. If the patient has a normal ABPM within 6 months and is documented 

as having WCH- they should be excluded (if they take 3 medications only). 
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 For each patient please fill in all details on the SPSS sheet. If Cigs/Alcohol are 

unknown, then mark this down as the answer. You cannot comment on script 

regularity on private patients as they may well be getting scripts from consultants. 

For GMS patients the scripts should be printed 1-2-3-4-5-6 monthly and should 

follow a pattern. The actual cut-off for adherence through script re-fill is more 

than or equal to 75 % of scripts furnished within the last year. (nine or more 

monthly scripts printed in a year or three or more quarterly scripts) 

 

Picture 1 

 
 

Picture 2 

 
 

Picture 3 
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Picture 4 

 
 

 

b) How to recall Z49 patients in order to make mail merge 

 

1. Select ‘Reports’ (bottom left) 

2. Select ‘Patients’ (middle top section) 

3. Select ‘Patients with a certain condition’  

4. Run report (at bottom) 

5. Put in Z49 (into ICPC-2 Search line at top)Age between 0 to 100 (have to change 

this to 100) 

6. Output Tick * Patient Listing (not condition history) 

7. Tick mail merge results at bottom 

8. Tick OK 

9. This brings up a box where you can type or copy in the message we have sent you 

via email. This is a brief cover letter message similar but shorter to the Patient 

Information Sheet  

10. The PIS hard copy is to be included when mailing out the invitations to the 

Patients and you can add to the envelope later. 

11. Print out the letters for the patients to be invited. [Select print and then you can 

specify the individual pages you require if not all are needed or just print all and 

discard as needed] 
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Appendix 10: Practice Protocol (Day of booking) 

 
 

1. Sign Consent Form 

 

2. Patient to provide Urine sample in standard bottle  

 

3. Label Urine Bottle and Lab Form (see pic below); place all urines gathered in 

large RED envelope provided and send to lab in normal WESTDOC etc 

collection. We can collect if no collection available-please call and let us know. 

Please refrigerate the urine specimens until they are collected. Please underline ‘6’ 

and ‘9’ on all patient unique identifier codes 

 

4. ABPM is fitted and returned 24 hours later. We will use the Meditech 05 ABPM 

machine and will pre-load the ‘Priming/Reading’ software onto your computers 

and train you on its use.  

 

5. https://www.youtube.com/watch?v=QiHWmnYiEuI is a you-tube video showing 

how this type ABPM is used and best fitted. Please feel free to submit an STC 

form for GMS re-imbursement. You can omit the ABPM if the patient has had 

one in the last 6 months with an approved BHS ABPM device (most will be – 

please record type of ABPM device that was used ) 

 

6. Self-Directed filling of Questionnaire based on ‘taking tablets’ which takes 

approximately 30 minutes. (Please place the only Unique Patient Number on 

the sheet prior to handing this out). We will be on standby for queries and via 

phone thereafter. Afterwards these questionnaire sheets can be stored in the 

practice until collected by our team. 

 

 
 
Next Step 
Any patient who has an ABPM daytime average reading that is elevated upon review by 
the practice team can be referred to the Hypertension Clinic in Merlin Park, if patients 
consent to this. All patients should peruse the Participant Information Sheet 2 provided 

https://www.youtube.com/watch?v=QiHWmnYiEuI
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before making their decision. If some opt to take time think about this, this is perfectly 
acceptable. 
 
The ‘Hypertension Clinic ‘is under the care of the ‘Blood Pressure Team of Doctors’ (Drs 
Sherif /Dennedy /Lappin; Cardiology/Renal/Endocrine) in Merlin Park. We would be 
delighted if you could send a standard practice referral letter clearly marked Resistant 
Hypertension Study and include a printed copy of the ABPM. 
 
To: Dr Faisal Sharif, Consultant Cardiologist, UHG, and marked ‘Resistant Hypertension 
Study’.  
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Chapter 7: Supplements 

7.1 BMJ Rapid Response Letter- 

https://www.bmj.com/content/358/bmj.j3984/rapid-responses 

 

Re: Trends for prevalence and incidence of resistant hypertension: population based 

cohort study in the UK 1995-2015 

 

Dear Editor, 

we very much welcome this important contribution to the study of resistant hypertension. 

This is one of the first general practice record studies published in this area, as opposed to 

those derived from trial or observational cohorts, which greatly enhances the 

generalisability of the reported findings. This is an impressive study, with a nationally 

representative sample of 2.2 million patients followed over 10 years. The suggested 

prevalence of 6.5%, which is significantly lower than that which has been reported 

elsewhere (see Achelrod, Wenzel, & Frey, 2015), resonates clinically and suggests that 

this condition is being overdiagnosed. With regard to pseudo-resistance, the examination 

of adherence through prescribing records, albeit a limited measurement approach, is most 

welcome; however, consideration of white coat hypertension and maximal dosing are still 

overlooked. These are likely to reduce prevalence even further. A study of individual 

patient records, which we are currently undertaking, may be helpful in this regard. 

Yours, 

Peter Hayes 1, Monica Casey 1, Gerry Molloy 2, Hannah Durand 2, Andrew W Murphy 1, 3. 
1Discipline of General Practice, School of Medicine, National University of Ireland, 

Galway, Ireland, 2 School of Psychology, NUI Galway, Ireland,3 HRB Primary Care 

Clinical Trials Network, Ireland 
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