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Special Issue from Queen Elizabeth University Hospital and Institute of
Cardiovascular and Medical Sciences, Glasgow, Scotland

Linsay McCallum'?, Sandosh Padmanabhan'?
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Medical Sciences, University of Glasgow, Glasgow, United Kingdom

Two special issues bring together a collection of up-to-date
articles from Glasgow academic clinicians and their collaborators
featuring a wide range of review topics and clinical cases from
pediatric and adult hypertension practice.

In the first of these special issues, the flagship hypertension
database from the Glasgow Blood Pressure Clinic established in
1969 features in a review by Lip et al.!! describing it history and
highlighting key research publications over the past 50 years that
have expanded our understanding of hypertension. Chin et al.l?!
analyze guidelines produced by the World Health Organization
from 1962 to 1999 and the European Society of Hypertension/
European Society of Cardiology between 2003 and 2018 to
evaluate the changes in guidelines over time highlighting the
The association between
serum uric acid concentration and blood pressure is discussed

limitations and inconsistencies.

by MacDonald et al.l’) who evaluated the epidemiological,
Mendelian randomization, and clinical trial data highlighting the

Address for correspondence:

need for further research in this area. A perspective from du Toit
et al.l¥ explores options on transforming hypertension care in
the context of the current imperatives on climate change, social
responsibility, and global health. Finally, Rostron et al.l" offer
a perspective on Scotland’s efforts in reducing the population
burden due to overweight and obesity.

This issue features three interesting and unique case
reports from Schulga et al,[) Groome et al,l”’ and Iaconelli
et al.l¥] offering clinical learning pearls on Takayasu’s arteritis,
hypertensive emergency, an uncommon cause of acute left heart
failure.

How to cite this article: McCallum L, Padmanabhan S. Special
Issue from Queen Elizabeth University Hospital and Institute
of Cardiovascular and Medical Sciences, Glasgow, Scotland.
Hypertens 2021;7(2):63.
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Hypertension Residual Risk and Beyond - Five Decades of Insights from

the Glasgow Blood Pressure Clinic

Stefanie Lip'? Linsay McCallum'2, Sandosh Padmanabhan'~

'Department of Clinical Pharmacology and Therapeutics, Queen Elizabeth University Hospital, University of Glasgow, Glasgow, United Kingdom, ?Institute of
Cardiovascular and Medical Sciences, Queen Elizabeth University Hospital, Glasgow and University of Glasgow, United Kingdom

Abstract

The Glasgow Blood Pressure Clinic (GBPC) based in Greater Glasgow and Clyde is the largest specialist hypertension clinic
in the West of Scotland and was established in 1969 following the merger of four hospitals. The GBPC database at the same
time has continuously collected data on all hypertensive patients attending the clinic in one database until 2019 when it was
decommissioned. In this review, we highlight papers outlining contributions of the GBPC database on our understanding of clinical
and epidemiological aspects of hypertension over a span of 50 years.

Key words: Glasgow blood pressure clinic, hypertension, Scotland

The Glasgow Blood Pressure Clinic (GBPC)

The GBPC was established in January 1969 and operates within
NHS Greater Glasgow and Clyde which is the largest health
board in Scotland providing health care to a population of
over 1.2 million people or 21.4% of the Scottish population. At
the time of founding, the four hospitals in Glasgow (Glasgow
Royal Infirmary, Southern General Hospital, Stobhill General
Hospital, and the Western Infirmary) which comprised seven
hypertension clinics collaborated to adopt a common record
database with data storage on a centralized computer that
contained clinical information for all patients attending the
service.l!! Initially, the database was linked to mortality data
from the General Register Office for Scotland and with the
West of Scotland Cancer Surveillance Unit then subsequently
to morbidity and laboratory data through linkage with the
NHS Information and Statistics Division in 2007 which greatly
enhanced the database with a wealth of information including
hospital admissions, dispensed prescriptions, and all laboratory
investigations.

Patients are referred to GBPC, the largest and main
specialist hypertension clinic in the West of Scotland providing
a secondary/tertiary level service,? if they fulfilled the

Address for correspondence:

following criteria - BP not controlled in primary care, resistant
(cv)
investigation of secondary causes. The GBPC has been

hypertension, high cardiovascular risk, requiring
supported by specialist hypertension nurses who are trained and
experienced in BP measurement, investigation, and management.
Every new patient who attended the clinic had an “initial new
clinic proforma” which was completed by the clinician and nurse
which was added into the database. Patients who attended the
clinic were advised to take their regular medications as usual.
Specialist hypertension nurses collected demographic data,
anthropometric data (height, weight, and body mass index
[BMI]), BP measurements (seated and standing) and current
list of antihypertensive and other concomitant therapy. BP
measurements were performed in a standardized manner in
patients rested for S min in a seated position prior to recording.
Three BP measurements were conducted 1 min apart, with the
mean of the second and third measurementsrecorded as the clinic
BP. The clinician who reviewed the patient then completed the
sections of the proforma on past medical history (CV and non-
CV), smoking status, and family medical history. Blood samples
were taken at baseline and at regular intervals to monitor routine
hematologic and biochemical indices. Samples were sent to the

Prof. Sandosh Padmanabhan, Institute of Cardiovascular and Medical Sciences, University of Glasgow, United Kingdom.
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local laboratory for processing. For follow-up visits, a “follow up
document” proforma was used. Each patient attended the same
clinic; therefore, at each visit, their BP measurement would occur
in the same 3-h window in the morning or afternoon.

This structured approach was used to collect data from all
patients attending the clinic and was stored electronically in a
single computerized database. Initially, all data was entered into
a KDF9 computer and stored on magnetic tapes, and proformas
were included in the patient case notes.) In 1971, there were
944 patients seen with 4,500 follow-up visits with 183 primary
care referrals and 510 from other hospital clinics. The 2009
snapshot of the database contained 16,018 unique individuals
with the first patient visit recorded on 06/11/1968 and 4879
deaths registered until April 2011.

This database has provided a rich research environment and
afforded excellent training opportunities for clinicians. Early use
of the database was by GBPC clinicians and in 2012, the West
of Scotland Research Ethics committee approved the use of
anonymized data for research studies greatly expanding the use
of the database to answer a range of questions.

Residual Risk in Treated Hypertension

While pharmacotherapy for hypertension has been one of the
major success stories of clinical medicine the earliest signal for
considerable residual risk in treated hypertensive patients came
from a GBPC study in 1986. This was a seminal study by the
GBPC analyzing mortality data of 3,783 hypertensive patients
attending the clinic between 1968 and 1983 with an average
follow-up of 6.5 years compared with that in three control
groups: Strathclyde general population group (15,422 subjects
aged 45-64 years and screened in Renfrew and Paisley between
1972 and 1976, and a group of hypertensive patients attending
a BP clinic based in general practice in Renfrew).l’) The data
revealed that despite some reduction of mortality by treatment,
the relative risk to men and women in the GBPC remained
2-S-times that of the general population. This was the first
large-scale confirmation of the notion that despite benefits of
antihypertensive treatment, even patients with well-controlled
BP may not have a normal expectation of life restored. This has
led to wide-ranging research efforts to explain this conundrum.
Several hypotheses have been presented including that treated
patients have a higher prevalence of modifiable associated risk
factors such as dyslipidemia, diabetes, excess weight, other
metabolic disturbances, and target organ damage prior to
starting therapy, or this excess in CV risk may be related to the
presence of unmodifiable factors such as family and personal
history of cardiac disease, which are also more frequent in
treated hypertensive subjects. During the past 10 years, we have
been systematically interrogating the GBPC database to better
understand the factors that have an impact on BP control and
outcomes and may explain this residual risk.

Hypertension Journal e Vol.7:2 e Apr-Jun 2021
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Family History of Premature Cardiovascular Disease

A positive family history (an independent risk factor for coronary
heart disease [CHD]) features in several CV risk prediction
scores commonly used in clinical practice. A family history of
premature CHD is associated with a 1.5-7 times higher risk of
future CV events.*! Although excess risk was initially thought to
be due to genetic factors, substantial evidence shows that it is also
due to a shared environment and similarity in behavior and belief
systems within families. Furthermore, modifiable traditional risk
factors jointly mediate a substantial portion of the increased risk
of the disease conferred by a positive family history. We showed
that despite earlier referral and active management of CV risk
factors at the GBPC, patients with a positive family history of
premature CVD had a higher 35-year CV mortality compared
to patients without a positive family history.l* We showed that
patients with a positive family history presented earlier to the
clinichad alower BP at presentation along with lower cholesterol
and lower prevalence of CKD. There was no difference in drug
adherence based on dispensed prescriptions in patients with or
without a positive family history. This data raises the possibility
that “the presence of family history of premature CVD represents
a clinically significant sustained increase in CHD and CVD risk
across the lifespan, and the pathological processes determining
this increased risk must start long before the traditional risk
factors are identified and treated.”™

Socioeconomic Deprivation

Deprivation is defined as “a state of observable and demonstrable
disadvantage relative to the local community or a wider society
or nation to which an individual, family or group belongs.”
The burden of CVD falls disproportionately on disadvantaged
populations with socioeconomic deprivation is associated
with an increased risk of a variety of CVD.!! In hypertensive
individuals attending GBPC between 1991 and 2000, we found
a significant association between socio-economic deprivation
and an increased risk of CV death after controlling for the effects
of age, sex, systolic and diastolic BP (DBP), smoking, diabetes,
alcohol excess, and BML After adjustment, residents of the
most deprived areas had a hazard ratio for all-cause mortality of
1.46 (95% confidence interval 1.04-2.04).” The adjusted risk
ratio for CVD death in the most deprived areas was 1.65 (1.04—
2.60) compared to those in the most affluent areas.”? As the
National Health Service in the United Kingdom is free at the
point of access, poorer economic circumstances should not
in themselves be barriers to obtaining specialist care. Our data
support the hypothesis that socioeconomic deprivation is an
independent risk factor for CV death in hypertensive patients.

Weather

Few studies have looked at the patterns of weather fluctuations
and BP. There is increasing evidence that outdoor temperature
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may be associated with the seasonal variability of BP observed.
The body’s thermoregulatory responses are to cause blood vessel
constriction, which is a protective mechanism to maintain body
temperature. Aubiniere-Robb et al.l*) observed that there was an
average decrease of 2.1-2.2% in BP for air frost, temperature,
rainfall, and sunshine. There was an average increase of 2% for
temperature and sunshine. Temperature-sensitive individuals
have higher mortality,”® which is in line with current data on
visit-to-visit BP variability (BPV), which is associated with
increased mortality. However, more work is needed to establish
whether these changes are due to physiological adaptations of the
body. BP response to weather (especially temperature) changes
are patient-specific, and awareness of a patient’s BP response
to temperature can help reduce unnecessary antihypertensive
treatment modification.[*

New Onset Diabetes

Elevated BP is considered an important additive risk factor in
patients with Type 2 diabetes, augmenting the already heightened
risk for morbidity and mortality in these patients. However, there
is ongoing controversy regarding optimal BP treatment targets,
and current guidelines provide differing recommendations.!"
In patients with type 1 diabetes, a linear relationship has been
observed between higher systolic BP (SBP) and higher risk of
stroke has been observed even below the BP levels recommended
in more strict guidelines."") The ACCORD study demonstrated
a U-shaped relationship between SBP and outcomes in
diabetics.l'"”! The study by Lip et al.'¥) provided insights from the
GBPC database. We studied over 15,000 hypertensive patients
and showed that individuals with prevalent diabetes, with early
new-onset diabetes (NOD) (2-10yearsafter HTN diagnosis) and
late NOD (>10 years) exhibited different mortality risks.!'* The
earlier the onset of diabetes after the first clinic visit, the higher the
mortality.¥ This suggests that early NOD patients may have an
“Insulin resistance phenotype” while late NOD may correspond
to a “hypertension-induced diabetes,” where diabetes might be a
consequence of extensive hypertensive organ damage.['"

Resting Heart Rate

There is a significant amount of epidemiological data indicating
that higher resting heart rate (HR) a sensitive indicator of short
life expectancies and is associated with increased risk of CV and
non-CV outcomes.!'>7) In the GBPC, a change in HR achieved
during follow-up of hypertensive patients is a better predictor
of risk than baseline or final HR.'*! After correction for rate-
limiting therapy, HR remained a significant independent risk
factor.!'¥! The highest risk of an all-cause event was associated
with patients who had increased their HR by 5 bpm at the
end of follow-up (1.51, 95% CI 1.03-2.20; P = 0.035).1') Tt
is well recognized that the incidence of sudden cardiac death
among patients with myocardial infarction, stable coronary
artery disease, or congestive heart failure (HF) is reduced by
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beta-blockers, widely known for their HR lowering effects.l""] A
meta-analysis of trials stratified according to whether calcium
antagonists increased or decreased HR showed that for
dihydropyridine calcium antagonists, there was a trend toward
increased mortality, while for verapamil and diltiazem, the
trend was toward a small decrease in mortality.*®! Overall,
compared with -blockade, ivabradine produces a form of
HR reduction that more closely resembles the physiological
situation and does not affect a series of mechanisms involved in
ensuring efficient myocardial performance at different beating
rates. The BEAUTIFUL study randomized 10,917 patients
with coronary disease and left ventricular dysfunction to
receive ivabradine or a placebo to test whether reducing HR
would reduce CV mortality and morbidity. A subgroup of
patients with a HR >70 bpm was shown to have a 46% higher
risk of myocardial infarction (MI) and a 38% increased risk of
coronary revascularization.!

Blood Pressure Variability

BP is inherently variable in an individual and this variability
(BPV) manifests as beat to beat (very short term), within 24 h
(short term), day by day (midterm), between visits spaced
by weeks or months, and between seasons, years, and even
decades (long term). Several studies have shown that increasing
values of BPV (either in the short or in the long term) were
associated with hypertensive organ damage®’ and an increased
CV risk, independently of average BP values and other major
confounders®® Post hoc analyses of interventional trials in
hypertension have shown that increasing values of intraindividual
visit-to-visit BPV are strong predictors of CV morbidity, in some
instances superior to average BP values.’]

A study involving 16,011 treated hypertensive patients from
the GBPC?*! explored the relationship between intraindividual
visit-to-visit BPV and mortality, in whom BPV was assessed
over up to 9 years and who were followed up for events over a
period extending up to 35 years. Long-term visit-to-visit BPV
was assessed across a range of time frames - within the 1% year
(Y1); between the years from 2 to § (Y2-5); larger time frames
(ultra-long-term BPV; i.e., from years 1 to S, from years S to 10
[Y5-10], and over a time window up to 9 years of follow-up [i.e.,
from years 2 to 10]). The main result of this study is the finding
ofa consistent association between increasing values of long- and
ultra-long-term BPV (assessed through calculation of average
real variability, coefficient of variation, and SD) and risks of all-
cause, CV, and non-CV mortality. These associations remained
significant even after adjustment for average BP levels and across
different strata of average SBP. Even in subjects with controlled
SBP, there was a linear increase in mortality with increasing long-
term BPV. This study corroborated the existing evidence that
increased BPV between clinic visits has a significant prognostic
value also in the long run and highlighted the need for further
studies to identify therapeutic strategies that may stabilize visit-
to-visit BPV and their impact on outcomes.
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Diastolic Blood Pressure J Curve

The therapeutic reduction of DBP and its relationship with the
DBP J curve have been extensively investigated to address the
hypothesis. Waller et al.?) and colleagues looked at mortality
data from 3,350 participants who attended the GBPC between
1968 and 1982 and found no evidence of any relationship
between DBP and death from CVD. In an analysis of the 2009
snapshot of the GBPC database with 30-year follow-up data
on 10,355 hypertensive patients, DBP showed a U-shaped
association (nadir, 92 mm Hg) for the primary CV outcome
hazard and a reverse J-shaped association with all-cause
mortality (nadir, 86 mm Hg) and non-CV mortality (nadir, 92
mm Hg). The hazard ratio for the primary CV outcome after
adjustment for SBP was 1.38 (95% CI 1.18-1.62) for DBP <80
compared with DBP of 80 to 89.9 mm Hg (referent), and the
sub-distribution hazard ratio after accounting for competing risk
was 1.33 (95% CI 1.17-1.51) compared with DBP >80 mmHg.
The results indicate that while DBP <80 mmHg is associated
with increased risk for first admissions with ischaemic heart
disease (IHD), MI, and HF, it does not translate to increased CV
mortality. After stratifying by age, DBP <80 mmHg is associated
with increased risk of admissions with IHD and HF in both the
older and younger age groups; however increased risk of stroke
was evident only in the younger subgroup (<60 years). There
was an increased risk of non-CV mortality with DBP <80 mmHg
and competing risk analysis confirmed increased risk associated
with DBP <80 mmHg for CV outcomes after accounting for the
risk of non-CV mortality. These results confirm the diastolic
J-curve phenomenon and indicate that the short-term adverse
CV impact of intensive DBP lowering does not translate into
long-term mortality risk. A possible explanation for this may be
the long-term beneficial effect of the concomitant low SBP that
accompanies low DBP. Although hypertension treatment
guidelines recommend more intensive BP reduction, this may
potentiallylead to unintended consequences of higher healthcare
utilization because of increased CV morbidity, and this merits
future prospective studies.

Left Ventricular Hypertrophy

Left ventricular hypertrophy (LVH) is a well-recognized marker
of target organ damage in hypertension and is an independent
predictor of poor outcome.”” Dunn et al.?*! investigated LVH
and the relation to mortality in treated hypertensive patients.
They found that this was true where LVH with and without ST-T
changes was the most common ECG abnormality associated
with a higher mortality.?*! More recently, Guzik et al. followed
up explored left ventricular geometry on echocardiography in
690 GBPC patients and 10 year outcomes.?” LVH is associated
with worse outcomes than eccentric hypertrophy in hypertensive
subjects. However, they were unable to establish any incremental
effect of cardiac geometry on outcomes beyond BP control.

Hypertension Journal e Vol.7:2 e Apr-Jun 2021
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Haematocrit

In prospective studies, Hct is associated with the development of
CVD. The association is described as a curve “J-” or “U-" and was
examined in the GBPC database to clarify whether there were sex-
specific differences in risk. Hct was found to be an independent
predictor of CV mortality where it showed a J-shaped association
between Het and CV in men (0.421-0.44 (quartile 2; J-shaped)),
but in women, it showed a U-shaped association in non-CV
mortality (0.381-0.420 [quartiles 2.3; U-shaped] ).

Serum Chloride

Salt (sodium chloride) is generally accepted as a major determinant
of BP and by extension mortality, following evidence from the
pressure natriuresis hypothesis, monogenic forms of hypertension,
and reduction in dietary intake. Whilst previous literature focussed
on the sodium component of salt, chloride is the major extracellular
anion in the body, and there is growing interest of the role of
chloride in BP regulation and its association with CV mortality.
McCallum et al.®V) studied the association between serum chloride
and mortality in 12,968 treated hypertensive patients attending
the GBPC, with a follow-up period of 197,101 person years. The
authors concluded that lower serum chloride (<100 mEq/L) was a
predictor of all-cause mortality independent of serum sodium and
diuretic use.?"! Multivariable adjusted Cox proportional hazard
(PH) model showed an inverse association between serum chloride
and mortality with each 1 mEq/L increase associated with a 1.5%
reduction in all-cause mortality (0.985; 95% CI 0.98-0.99), CV
mortality (0.985; 95% CI 0.978-0.991), and non-CV mortality
(0.985; 95% CI 0.977-0.990]) after adjustment for adjusted for
age, sex, BMI, prevalent CVD, smoking, alcohol use, year of first
visit, SBP, DBP, serum sodium, serum potassium, and bicarbonate.
This data would suggest that even within the normal laboratory
reference range (95-108), lower serum chloride is a risk marker.
Chloride-dependent mechanisms are key to several critical pathways
underlying CVD and BP regulation though the mechanism by
which low serum chloride increases mortality is unclear.’?!

Liver Enzymes

In 1977, patients who attended the GBPC were noted to have
abnormal liver function tests which was associated to alcohol
consumption, heavy body weight, male sex and young age, and
higher DBP.[*1In 2015, McCallum et al. investigated the relationship
between liver biochemistry and BP and its associations with
long-term mortality in 12,000 patients from the GBPC.*¥ In the
multivariable Cox PH model, each SD increase in bilirubin and ALT
wasassociated withan 11% (0.89,95% C10.85-0.94) and 14% (0.86,
95% CI 0.81-0.95) decrease in all-cause mortality, respectively.
Higher bilirubin was associated with lower longitudinal BP which
may explain some of the protective effect, but bilirubin is determined
by both genetic and environmental factors. The protective effect is
supported by data showing that UGT1AI genetic variants which
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underly Gilbert’s syndrome are also protective.** Bilirubin also
has antioxidant and anti-inflammatory properties which may also
contribute. The mechanism for ALT is less clear. Each SD increase
in GGT and alkaline phosphatase was associated with an 11% (1.11,
95% CI 1.04-1.18) and 25% (1.25, 95% CI 1.18-1.33) increase in
all-cause mortality, respectively, and were consistently associated
with higher longitudinal BP.**) GGT is pro-oxidant effects due to its
role in the extracellular catabolism of glutathione and high GGT is
associated with incident diabetes and fatty liver.*

Uric Acid

The association between serum uric acid and hypertension has
previously been reported in epidemiological studies and animal
studies.’”*! Dawson et al. found that serum uric acid level did not
predict long-term BP control in a large population with treated
hypertension, ahigherbaseline serum uricacidlevelis associated with
asubsequent decrease in renal function, and a higher serum acid level
isassociated with increased all-cause CV mortality in women.*” In a
paper by Beattie et al., they concluded that allopurinol initiation was
associated with a fall in BP in hypertensive older adults./*!! The level
of uric acid should be measured in patients with hypertension and
future studies should explore whether uric acid reduction improves
renal function in patients with hyperuricemia and reduces the rate of
CV events in women with hyperuricemia.

Phosphate

Patel et al. investigated serum phosphate and calcium and their
association with CV morbidity and mortality.**! They found that
serum phosphate and calcium were associated with a reduced
all-cause and CV survival, and this was not associated with BP
control.[*]

Microalbuminuria

Alharf et al. assessed the prevalence of microalbuminuria
in hypertensive patients and its association with long-term
mortality, where using a lower threshold of albuminuria
identified 20% hypertensive subjects at increased risk of CVD.*!

Pharmacoepidemiology

The changing patterns of antihypertensive drug use in the GBPC
between 1969 and 1986 were determined from computerized
data,byextractingpercentages ofnewpatients prescribed different
drugs at their first clinic visit which was evaluated by Clark
et al*in 1990. In 1999, Lever et al.*! observed that mortality of
hypertensive patients in the GBPC was higher in the 1970s and
1980s but has fallen since then because of new antihypertensive
drugs, which was the ACE inhibitor being introduced. Bevan
et al. looked at the effects of atenolol withdrawal in patients on
triple antihypertensive therapy, where they noted that there was
an importance of the use of atenolol alongside standard triple
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antihypertensive therapy.[* ACE inhibitors were first used in the
1980s, where there was a reduction in CV and non- CV mortality
observed in patients attending the GBPC.!¥7#¢]

Antihypertensive Therapy and Cancer

From various literature over the past 20 years, the relationship
between antihypertensive therapy and cancer has always been
a debate. Hole et al. concluded that there was no link between
atenolol, calcium channel antagonists, and cancer.*”) Lever
et al. informed that the long-term use of ACE inhibitors may be
protective against cancer.’") However, the recent metanalysis
by Copland found that there is no consistent evidence that
antihypertensive medication use had any effect on cancer
risk."! Although such findings are reassuring, evidence for some
comparisons was insufficient to entirely rule out excess risk, in
particular for calcium channel blockers (CCB).

Antihypertensive Therapy and Depression

A bidirectional relationship between depression and CVD
is thought to exist mainly because of the overlapping
pathophysiological processes that underlie both conditions.
Genome-wide association studies support an association of
CACNAIC polymorphism with bipolar disorder and unipolar
depression implicating dysfunction of L-type calcium channels
(LTCCs) in neuropsychiatric disorders. LTCCs are the target
of the commonly used dihydropyridines CCB. In our study of
144,066 eligible patients, we showed patients on angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers
had the lowest risk for mood disorder admissions.'*?) Compared
with ACEI/ARB group, those on f3-blockers (2.11, 95% CI
1.12-3.98; P = 0.02) and calcium antagonists (2.28, 95% CI
1.13-4.58; P = 0.02) showed higher risk, whereas those on
no antihypertensives (1.63, 95% CI 0.94-2.82; P = 0.08) and
thiazide diuretics (1.56 95% CI 0.65-3.73; P = 0.32) showed no
difference.*) Overall, our exploratory findings suggest possible
differential effects of antihypertensive medications on mood.

Service Delivery

Between January 1969 when the first of the clinics opened,
and 29 November 1971, 944 new patients were seen and there
have been approximately 4,500 follow-up visits.*} Johnson
et al. evaluated the purpose of the GBPC and the control in
hypertension of antihypertensive patients in the outpatient
setting. From 1969 to 1979, there were 562 patients with a
reduction in systolic and DBP within 1 month of attendance and
a further decrease in BP over 1 year, the average decrease in SBP
was approximately 30 mmHg and DBP was 15 mmHg. These
mean reductions in BP were maintained over the next 2 years.
This paper in the early establishments of the GBPC showed that
there is some evidence that specialist clinics can contribute to the
control of BP in large numbers of patients over a period of years.
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The service has developed over time with the addition of
a virtual led clinic, monthly multidisciplinary team meetings,
and nurse led clinic. It has adapted its practices and treatment
guidelines with current hypertension guidelines (NICE/BIHS
guideline/MCN hypertension guideline). In 2011, the impact of
NICE/BIHS guidelines on our service was evaluated where there
was a change in the profile of primary care referrals and a reduction
of 17% of patients starting antihypertensive therapy.[*! Currently,
patients attending the GBPC are encouraged to perform home BP
measurements and bring their BP readings to the clinic to reduce
the white coat effect. The effect of the COVID-19 pandemic
has resulted in more telephone consultations carried out with
patients who performed home BP readings, whilst the GBPC
service continues to provide loaned BP monitors to patients, 24-h
ambulatory BP monitoring and direct observe therapy.

Conclusion

From 1969 to 2011, the GBPC database has provided a rich
database that has been systematically interrogated to understand
the factors that impact BP and mortality and morbidity outcomes
and highlight the value of clinical databases in expanding the
understanding of disease, informing clinical practice, and
improving patient outcomes.
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Abstract

Hypertension guidelines play an important role in offering “balanced information” to guide clinicians in clinical decisions and have

contributed to improving hypertension management over time. However, the process of guideline development is complex and

subject to vulnerabilities. Consequently, key aspects of hypertension management remain highly debated. Here, we evaluate the

evolution in hypertension management and identify limitations and inconsistencies in guidelines with a focus on definitions and
classifications of hypertension. We analyzed guidelines from the World Health Organization (WHO) from years 1962 to 1999
and the European Society of Cardiology and European Society of Hypertension from years 2003 to 2018 to obtain a global and
European perspective. Overall, it is understood that reccommendations for hypertension management have and will continue to be

subject to modifications with time, especially in an ever-evolving field of hypertension research with emerging evidence. Therefore,
these inherent complexities and changes should be embraced, while bearing in mind that guidelines should always be based on up-

to-date and robust evidence.

Key words: Blood pressure, guidelines, hypertension

Introduction

Major progress in the understanding and management
of hypertension has been made over the past S0 years.!!
Hypertension guidelines have undoubtedly played a major
role in improving hypertension management over the
years and are developed with the aim of offering “balanced
information” to guide clinicians in decision-making rather
than “rigid instructions.’)” There are several clinical
practice guidelines for hypertension issued by different
societies and organizations across the world, including
the World Health Organization (WHO), International
Society of Hypertension (ISH), and European Society
of Cardiology and European Society of Hypertension
(ESC/ESH).

Whilst
information for the practicing clinician, the guideline
development process is not without potential flaws.”! Key

robust clinical guidelines provide important

Address for correspondence:

aspects of hypertension management in guidelines remain highly
debated and controversial despite well-established benefits of
blood pressure (BP) lowering on cardiovascular outcomes.™!
Although many aspects of hypertension management across
various guidelines are consistent, disparities exist and remain
an issue. Some issues with guideline development include
inadequate control for conflicts of interest, inconsistencies in
quality, and contradictory or controversial recommendations.!
Moreover, the generic guideline development process is subject
to vested interests which could involve industries that push
particular diagnostics or the government which largely considers
cost implications.” Therefore, it is important that various
vulnerabilities in guideline development are identified, especially
in an evolving field of hypertension management with emerging
evidence.

Tracking the evolutionary changes of guidelines through
time proves pragmatic in obtaining key information that helps
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identify areas for improvement. It is recognized that this is
not a novel approach as a similar concept has been done in
a review of the Joint National Committee guidelines!? which
provided a useful overview of the American guidelines.
The main guidelines for analysis in this review include
the WHO, WHO/ISH, and ESC/ESH guidelines which
provide a global and European perspective. The aims
and objective of this review include: (1) Evaluating the
evolution in hypertension management and (2) identifying
limitations and inconsistencies in guidelines by the following
recommendations through time.

Methods

Original WHO, WHO/ISH, and ESC/ESH reports and
guidelines were utilized. This includes the first WHO report
in 1962 up to 1999 and first ESC/ESH guideline in 2003
up to 2018. Identified memoranda or prevention guidelines
were excluded as they do not represent full guidelines.
Additional papers were included to support arguments
where relevant.

Evolution of guidelines

Hypertension guidelines: The evolution in the classification and
definitions
Considering the complexity of the pathogenesis and clinical
course of hypertension, it is challenging to arrive at uniform
definitions and classifications of hypertension. However,
these remain important considerations as cutoff BP
values help simplify the diagnostic approach and facilitate
treatment decisions regarding hypertension.l! Definitions
and classifications are the product of clinical trials and
evidence that have determined the level of BP at which
the benefits of treatment unambiguously outweigh the
treatment risks.®

Therefore, chronologically following these definitions and
classifications through time allow the identification of key
modifications.

1962 WHO
The main highlight in classification in the 1962 guidelines
was the adaptation of classification according to stages
[Tables 1 and 2] as it was deemed more useful to consider
stages of the diseases’ natural history, allowing clinicians to
confidently place patients in appropriate stages. This “stage”
classification aimed to identify and prioritize individuals
requiring regular treatment and supervision. However,
despite this attempt, the lack of robust diagnostic methods
and difficulty determining stages for certain presented
symptoms made it challenging to clearly separate between
each stage.”)

Although there was a difficulty distinguishing between
normotensive and hypertensive levels due to the absence of
a clear demarcation between these levels, “accepted levels”
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of casual BP recordings were defined [Table 1] for screening
purposes in population groups.” However, one limitation to
note was the general lack of “accepted levels” or cutoff values
recommended. Defining and classifying hypertension with the
use of cutoff values continues to be important for practical use in
the diagnosis and treatment of hypertension in clinical settings,

although recognized as arbitrary in nature.[512]

1978 WHO

For the definition of arterial hypertension, the same cutoft value
was maintained from the 1962 to 1978 guidelines [Table 1].
However, the classifications had a higher level of description and
new elements added. First, although not precisely defined, terms
“mild,” “moderate,” and “severe” hypertension were introduced.
Second, hypertension was no longer classified only according
to stages but three distinct elements [Table 3]. This distinction
between BP level and extent of organ damage was deemed
particularly important as both were separate elements that each
carry a hypertension risk that may present even in the absence
of the other.®) This clear classification that considered different
elements aimed to assess disease severity of individuals, facilitate
comparison between individuals and groups, and evaluate risks
of complications or benefit of therapy.

Overall, although considerable effort was made to address
the lack of detail in classification from the 1962 guideline,” this
proposed classification still included an element of characterization
according to stages [ Table 3] similar to 1962 guidelines [Table 2]
which did not eliminate the challenge of diagnosing and

Table 1: Overview of the definition and classification of
hypertension by the WHO, WHO/ISH, and ESC/ESH reports and
guidelines from 1962 to 2018

Report Hypertension classification (mmHg)

(year)

1962 =160/95 (according to BP level stages)

1978  =2160/95 (according to BP level, organ damage, and etiology)

1984  =160/95 (BP level, organ damage, and etiology to assess
cardiovascular risk)

1996  >140/90 (according to BP level, organ damage, and etiology)

1999  =>140/90 (according to BP level grades and total cardiovascular
risk)

2003 =140/90 (according to BP level grades and total cardiovascular
risk)

2007  =140/90 (according to BP level grades and total cardiovascular
risk)

2013 >140/90 (according to BP level grades and total cardiovascular
risk)

2018  =140/90 (according to BP level grades and total cardiovascular
risk)

1962-1996 WHO reports

1999 WHO/ISH report

2003-2018 ESC/ESH guidelines
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differentiating stages of hypertension according to organ damage
previously identified. For example, individuals may vary in rate of
hypertension progression and sequence of stages where not all
specified stages would necessarily develop in those with elevated
BP.") In addition, a diagnosis of arterial hypertension based on
etiology, organ damage, and BP levels still required accurate
clinical judgment which was especially challenging given the
difficulties in obtaining an accurate reflection of disease severity.

1984 WHO

The 1984 classification similarly focused on three distinct
elements of BP level, organ damage, and etiology. However, this
separation into different categories was not specifically used to
classify hypertension but considered part of the assessment of
disease severity and overall cardiovascular risk [Table 1].

1996 WHO

The main change in the 1996 guideline was the lowered
cutoff value used to diagnose and define arterial hypertension
[Table 1]. With regard to classification according to BP levels,

» o«

terms “mild,” “moderate,” and “severe” were used to indicate
the extent of BP elevation and retained in this guideline due to
their common use in the clinical setting.”) However, it should
be noted that these terms were not indicative of the severity of
the overall clinical condition.”” Rather, this severity of overall
clinical condition and cardiovascular risk was assessed by the
classification of hypertension which took into account the three
distinct elements of BP level, organ damage, and etiology. This
was a return of the classification style used in the 1978 guidelines
[Table 3] and was deemed appropriate in this guideline as it
proved a reliable risk assessment method which could help
inform appropriate treatment for patients.

1999 WHO-ISH

At this point, it should be noted that the classification of
hypertension remains relatively similar from the 1999
guidelines onwards, with only minor modifications. The cutoff
BP values used in defining hypertension were the same as
recommendations from 1996 [Table 1] with the only difference
being the additional specification that diagnosed subjects
should not be on any antihypertensives.'"” The terms in the
classification of hypertension were amended, utilizing “grades”
instead of “stages” [ Table 4]. “Stages” was deemed inappropriate
for use in this guideline as this would have implied a progression
over time that was not applicable here.

Table 2: 1962 WHO classification of essential and all forms of
arterial hypertension

Classification ~ Description

Stage 1 High BP without evidence of organic changes in the
cardiovascular system

Stage 2 High BP with the left ventricular hypertrophy but
without other evidence of organ damage.

Stage 3 High BP with evidence of organ damage attributable

to the hypertensive disease.
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Although classification in this guideline may appear
oversimplified in comparison to previous guidelines by only
including classification according to BP levels [Table 4] instead
of the three distinct elements of BP levels, organ damage,

Table 3: 1978 WHO classification of arterial hypertension
according to three distinct elements of (1) BP level, (2) organ
damage, and (3) etiology

Classification Description

(1) BP level

Normal <140 SBP and<90 DBP

Borderline N/A. Defined as “BP values between the normal
and hypertensive ranges as described”

Hypertension >160 SBP and/or>95 DBP

(2) Organ damage

Stage 1 No objective signs of organic changes are evident.

Stage 2 At least one of the following signs of organ
involvement is present:

o Left ventricular hypertrophy (on physical
examination, chest X-ray, electrocardiography,
and echocardiography)

« Generalized and focal narrowing of the retinal
arteries

« Proteinuria and/or slight elevation of plasma
creatinine concentration.

Stage 3 Signs and symptoms have appeared as a result
of damage to various organs from hypertensive
disease (includes brain and heart)

(3) Etiology

Essential High BP without evident organic cause.

or primary

hypertension

Secondary Hypertension with identifiable cause. Possible

hypertension causes classified as follows:

« Hypertension due to the administration of drugs
« Hypertensive disease of pregnancy
« Organic disease

Table 4: 1999 WHO-ISH classification of hypertension according
to BP levels

Classification SBP (mmHg) DBP (mmHg)
Optimal <120 <80
Normal <130 <85
High-normal 130-139 85-89
Grade 1 hypertension (mild) 140-159 90-99
Subgroup: Borderline 140-149 90-94
Grade 2 hypertension (moderate) 160-179 100-109
Grade 3 hypertension (severe) >180 >110
Isolated systolic hypertension >140 <90
Subgroup: Borderline 140-149 <90

When a patient’s systolic and diastolic BP fall into different categories, the
higher category should apply
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and etiology, this was not the case. Instead, this change was
made because the previous classification used to assess disease
severity and overall cardiovascular risk was now replaced
by a cardiovascular risk assessment method calculated from
Framingham Study data.["*! Here, total cardiovascular risk was

» «

stratified into categories of “low,” “medium,” “high,” and “very
high” risk.'*! This stratification and estimation of future absolute
risk of major cardiovascular events were based on several risk
factors and conditions, including BP category, cardiovascular
risk factors, asymptomatic organ damage, presence of diabetes,

symptomatic cardiovascular disease, or chronic kidney disease.!**

2003 ESC/ESH

The classification in this first ESC/ESH guideline was adopted
from the 1999 guideline with reservations that the real thresholds
for hypertension must be flexible!!”! and consider individuals’
total cardiovascular risk profiles. As a result, the subgroup
“borderline” hypertension was not retained. An additional
feature of this guideline was the addition of other measurement
types used in defining hypertension [Table S]. This was an
important addition due to the recognition of the prognostic
significance of home BP monitoring (HBPM) and ambulatory
BP monitoring (ABPM) in hypertension diagnosis.['*!

This guideline continued using cardiovascular risk
assessment to inform hypertension diagnosis and management,
recognizing that these should be based on the quantification
of total cardiovascular risk. The method for cardiovascular risk
assessment described in the 1999 guidelines!'® was retained but
extended to indicate added risk in certain groups with “normal”
or “high normal” BP.[1"!

2007 ESC/ESH

There were several key conditions proposed to improve the use

of classification as a diagnostic tool for hypertension in clinical

practice in this guideline: (']

1) The higher category was to be applied for the quantification
of total cardiovascular risk, decision about drug treatment,
and estimation of treatment efficacy when a patient’s systolic
BP (SBP) and diastolic BP (DBP) values fell into different
categories.

2) The threshold for hypertension was to be regarded as flexible,
based on the level and total cardiovascular risk profile.

3) Terms “mild”, “moderate,” and “severe” hypertension were
replaced with Grades 1, 2, and 3, respectively, to avoid
confusion with quantification of total cardiovascular risk.
This guideline continued to acknowledge that patient

classification should not only be in relation to hypertension

Table 5: 2003 ESC/ESH definition of hypertension with different
types of measurement.

Classification Systolic BP (mmHg) Diastolic BP (mmHg)
Office or clinic 140 90

24 h ambulatory 125 80

Home (self) 135 85
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grades but also consider total cardiovascular risk from coexisting
risk factors, organ damage, and disease. The assessment of
cardiovascular risk was also maintained from 2003!"" with only
slight amendments in the description of risk factors.

2013 ESC/ESH

Although the classification and definition of hypertension in
2013 were adopted from 2007 [Table 1], one difference was the
cutoff values provided for alternative methods of measurement
(i.e., out-of-office levels) in this guideline which were slightly
modified from 2007. This guideline continued emphasizing the
importance of cardiovascular risk assessment in hypertensive
patients."! A similar cardiovascular risk assessment method
was retained from 20031} and 2007 guidelines!'!) with slight
modifications to the description of risk factors.

2018 ESC/ESH

The recommended definition and classifications of BP levels in
this guideline remained unchanged [Table 1]. This guideline
continued providing cutoff values for hypertension according
to different methods of measurement. These cutoff values for
alternative methods became increasingly important as it was now
recommended that the diagnosis of hypertension could be based
on out-of-office BP measurements with ABPM and/or HBPM
if logistically and economically feasible.l’) The classification
of hypertension continued focusing on the assessment of
cardiovascular risk as done in the previous guidelines.'*!3) One
key thing to note was that this guideline began to highlight the
importance of considering the impact of hypertension-mediated
organ damage (HMOD), recommending that the estimation of
cardiovascular risk be complemented by the assessment of HMOD.

Discussion

Hypertension management: Definitions and classification
of hypertension

Classifying and defining hypertension have been identified as
challenging since the first WHO reportm to the latest ESC/ESH
guideline.) Defining BP levels, more specifically recommending
numerical cutoff values that distinguish between normotensive
and hypertensive states, has recurringly been regarded as
complex and arbitrary due to the continuous relationship
between BP and cardiovascular or renal events, especially in
the general population with a unimodal distribution of SBP and
DBP values.!'"2!5) To further complicate things, arriving at a
consensus from trial evidence remains a challenge for several
reasons. Key evidence informing hypertension definitions mainly
comprises randomized controlled trials (RCTs) measuring
“direct” cardiovascular endpoints and involves hypertensive
individuals demonstrating the favorable effect of BP reduction
on major clinical cardiovascular outcomes.'®! Although these
RCT measuring “direct” endpoints provide clinically meaningful
measurements that form the basis of recommendations, there
are several limitations to consider.
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One limitation is that many of them involve high-risk
patients (e.g, patients of old age, concomitant, or previous

121 which could be an issue for several reasons.

disease)!
First, findings from this high-risk cohort may be limited in
generalizability to other cohorts. Second, although considerable
effort is made to control for confounders in these trials, many
high-risk patients are still on other treatments or medication
which may also have a confounding effect on the benefits seen in
the results. Another consideration is the relatively short duration
of these trials, having an average time to endpoint of 1.5-4 years
due to practical reasons.[') As a result, data are often extrapolated
to obtain recommendations for life-long interventions. Thus,
these recommendations are based on extrapolated data obtained
over periods significantly shorter than the life expectancy of
most individuals.'?! It should also be remembered that data
supporting the projected continuation of measured benefits in
the long term largely come from observational studies based on
the Framingham Heart Study!'” which has several limitations in
comparison to RCT.

There is also supportive “indirect” evidence involving
measurements of albuminuria and left ventricular mass, deemed
to be predictors of important clinical end points. These studies
demonstrated a possible association between BP-induced
regression of organ damage, such as left ventricular hypertrophy
and urinary protein excretion, and reduced fatal and non-fatal
outcomes.!"*) However, this evidence was derived from post hoc
correlative analyses of randomized data.') Therefore, caution
must be exercised when interpreting this type of data, bearing
in mind that correlations found should not immediately be
interpreted as causation.

Other existing challenges in coming to consensuses stem
from differences in opinion or interpretation of evidence by
expert panels. A recent example was seen in the effort to redefine
hypertension made by the American College of Cardiology
and the American Heart Association where the threshold for
hypertension diagnosis was lowered to >130/80 mmHg.?” This
was not in agreement with recommendations by ESC/ESH!¢
and ISH?Y which both advocate a threshold for diagnosis of
>140/90 mmHg. This decision sparked concerns regarding its
global applicability® and more importantly, may have caused
uncertainty and confusion in clinical practice.

Hypertension management: Cardiovascular risk assessment
systems

The use of cardiovascular risk assessment systems, emerging in
1999 guidelines'™®! and maintained in the European guidelines
[61012] replaced the original classification style used in
guidelines before 1999.57%13 The use of these systems came

since,

from the acknowledgment that the management of hypertension
should be related to the quantification of total cardiovascular
risk*) obtained by systems that consider the combined effect of
several risk factors. This is from the recognition that risk factors
commonly cluster instead of occur in isolation,[*'>*! resulting
in a multiplicative effect on cardiovascular risk. Moreover,
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tailoring treatment strategies between individuals according to
cardiovascular risk are supported by evidence showing that the
level of cardiovascular risk determines the appropriate strategy
required for hypertension management.'”’ Thus, estimating
cardiovascular risk through systems to inform management
appears pragmatic given the impact of coexisting risk factors,
organ damage, and disease.!'!

Types of cardiovascular risk assessment systems

The firstrecommended system provided in the 1999 guidelines!'?!
involved a method that utilized estimates calculated from data on
the 10-year average risk of cardiovascular death, non-fatal stroke,
or non-fatal myocardial infarction among Framingham Study
participants.['*! Thereafter, Framingham data* were also used
to develop computerized methods to assess risk. Subsequently,
the Systemic COronary Risk Evaluation (SCORE) system
was formed, utilizing data from large European cohorts.[%!!]
Additional resources including charts and electronic versions of
the SCORE system were also made available.

Key considerations in cardiovascular risk assessment
systems

It is important to recognize that each system has its own
advantages and limitations. The first recommended system in the
1999 guidelines'* lacked applicability as there was uncertainty
regarding its risk predicting ability in Asian, African, or other
non-Western populations. This was due to a general lack of
robust evidence on how well risk factors predicted cardiovascular
disease in these populations.'’) Some risk calculators also
lacked applicability as Framingham data were only applicable
to some European populations due to important differences in
incidence of coronary and stroke events.!"! Although several
risk assessment systems are available, the following discussions
mainly involve the SCORE system due to the focus on European
guidelines in this review.

The development of the SCORE system made available a
model applicable to the European population as it was based
on data from large European cohorts provided by the SCORE
project.>) Moreover, the SCORE system further improved its
applicability by providing correction factors for cardiovascular
risk estimates in the first-generation immigrants to Europe(® and
was recently adapted for use in patients over the age of 65 years!2®
which addressed its previous limitation of only being applicable
to patients aged 40-6S years. The use of the SCORE system has
been recommended by European guidelines on cardiovascular
disease prevention since 2003 due to its representation of the
European population.*’s! Moreover, it is relatively robust,
allowing calibration of its charts for different cardiovascular
risk levels across numerous European countries and has been
externally validated.l”

It is important that limitations of cardiovascular risk
assessments are equally appreciated. Although classification
through risk assessments have evolved and improved through
the years, the rationale behind its use remains to “govern the
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best use of limited resources to prevent cardiovascular disease”
by creating a relatively simple method of assessment that grades
preventive measures in relation to the increased risk.l'"!
However, this stratification of absolute risk through assessments
is often utilized by health-care providers to form a barrier, below
which treatment is discouraged.['?) Thus, there may be potential
issues if decisions regarding treatment were purely based on
these risk assessment systems without clinical judgment as
determining risk may not always be straightforward. This can be
illustrated by a few examples. First, conducting a risk assessment
in hypertensive patients who do not particularly belong to
defined subgroups of patients specified in the risk assessment
system can be even more complex. Second, risk may be higher
than indicated in the charts in certain groups of people such as
those with central obesity.") Third, younger subjects have an
even greater increased relative risk associated with overweight
compared to older subjects.') As this group of people may
require the use of different models, this implies that clinicians
would not only have to factor in additional considerations
but also utilize a risk assessment system lacking applicability.
Although practicing clinical judgment remains akeyrole of every
clinician, not having a robust risk assessment system in place
could result in misclassification of risk in patients which could
negatively impact their route of hypertension management and
treatment outcomes. Therefore, this highlights the importance
of refining and improving cardiovascular risk assessment
systems to continually improve its predictive ability with
emerging evidence that identify new aspects and risk factors for
consideration.

Conclusions

Opverall, it is shown that European guidelines demonstrate a
willingness to “reappraise” previous recommendations, offer
a flexible approach, and provide practical solutions for the
use of recommendations in clinical practice. It should also
be highlighted that criteria informing the classification and
definition of hypertension remain a complex but key aspect
in hypertension management, including treatment decisions.
From this review, it is evident that guidelines have progressively
recommended more rigorous criteria in both the definition
and classification of hypertension with newer and more
robust evidence. Therefore, with advances in hypertension
research in diverse populations, newer understandings of its
pathophysiology, and considerations of the interaction between
BP and comorbidities, it is expected that recommendations for
the management of hypertension have and will continue to be
subject to modifications with time.

However, it should always be considered that guidelines
are based on consensus statements formed through critical
analyses of evidence by expert panels, making it open to
interpretation. Thus, inconsistencies in recommendations by
different organizations will continue to exist as a product. The
shortcomings in the processes of guideline development should
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be acknowledged"” to ensure that recommendations are held
to a high standard and based on the most robust evidence,
recognizing that guidelines should provide guidance without
replacing clinical judgment based on person-specific factors and
the overall clinical picture.
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Abstract

There is a strong mechanistic basis for a role of uric acid in the development of hypertension. This is supported by a number of

preclinical studies which demonstrate a rise in blood pressure following induction of hyperuricemia. A number of epidemiological

studies support an association between hyperuricemia and hypertension in humans. This is further supported by the largest

Mendelian randomization study to date. However, what is less clear is whether this relationship can be manipulated to benefit

cardiovascular outcomes and to improve blood pressure control. Clinical trials in humans strongly suggest that there is a temporary

effect of urate reduction on blood pressure, particularly in younger people. However, this is less apparent in older adults and in

particular, in people with treated chronic hypertension. This observation fits nicely with preclinical experimental data showing that

chronic hyperuricemia ultimately causes a salt sensitive hypertension which is resistant to urate lowering. In summary, it seems

likely that uric acid has a role in the pathogenesis of hypertension but there is insufficient evidence to use urate lowering for the

treatment of hypertension.

Key words: Blood pressure, Uric acid, Xanthine oxidase

Uric acid is the end product of nucleic acid metabolism and is
also generated during the breakdown of high-energy nucleotides
such as adenosine triphosphate (ATP). It is generated in cells
by the enzyme xanthine oxidoreductase and the most uric acid
circulates in the body as the urate anion. Mutations during
primate evolution mean humans lack the urate-degrading
enzyme uricase and thus have higher levels of serum uric
acid than other mammals. Further, in humans, serum urate
concentrations are higher in industrialized populations because
diets are typically rich in purines and fructose (both of which
generate urate). Alcohol intake is also associated with higher
levels. A putative association between high serum uric acid level,
hypertension, and cardiovascular disease has been debated for
many years but remains controversial.

The underlying mechanisms by which hyperuricemia may cause
hypertension have been described in a number of well conducted
preclinical experiments. It has been suggested that hyperuricemia
elevates blood pressure in two phases. The initial phase is reversible
with urate-lowering agents"? but, with time, the hypertension
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becomes salt sensitive and resistant to urate lowering.”*! In rodent
models, inhibition of uricase and acute hyperuricemia leads
to a rise in blood pressure.'”] This can be prevented both by
xanthine oxidase inhibitors which reduce production of serum
uric acid and uricosuric drugs. This acute phase of hyperuricemia-
induced hypertension is proposed to be predominantly mediated
by endothelial dysfunction and is not crystal dependent.
Hyperuricemia has been demonstrated to elevate juxtaglomerular
renin release and inhibit nitric oxide synthase (NOS) expression in
the macula densa.l! Impaired phosphorylation of endothelial NOS
through the activation of uric acid transporters is a further effect
of hyperuricemia. This contributes to reduced vasodilatation and
endothelial dysfunction.l¥) Moreover, although urate may function
as an antioxidant in the extracellular space, intracellular uric acid
can induce an oxidative burst. Intracellular uptake or intracellular
production of uric acid is followed by the activation of mitogen-
activated protein (MAP) kinases (such as p38) and a significant
NADPH oxidase-mediated increase in the production of reactive
oxygen species (ROS).[¥! Aldose reductase (AR) has been shown
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to contribute to this oxidative stress. Uric acid stimulates AR
expression through the p38/MAP kinase pathway, resulting in
endogenous fructose production, triglyceride accumulation, and
enhanced ROS production in endothelial cells.’) An additional
proposed mechanism is the alteration of human endothelial
mitochondria. Uric acid decreases mitochondrial mass, enoyl-
CoA hydratase expression, aconitase activity, and intracellular
ATP production. Such alterations characterize mitochondrial
dysfunction which is considered a key feature of early endothelial
dysfunction.”

Increased arterial stiffness combined with renal microvascular
disease and inflammation likely drive the proposed chronic
phase of hyperuricemia-induced hypertension. Hyperuricemia
stimulates platelet-derived growth factor and cyclooxygenase-2
expression, and ERK MAP kinase phosphorylation, promoting
vascular smooth muscle cell proliferation and increased collagen
deposition. This may cause a progressive afferent arteriolopathy
and decreased arterial luminal diameter.”* The resulting reduced
renal perfusion can cause ischemia that induces tubulointerstitial
inflammation and fibrosis.®!) A subsequent salt-sensitive
hypertension develops and persists independently of serum uric
acid levels®® and is resistant to urate lowering. Furthermore,
through a crystal-dependent mechanism, hyperuricemia can
increase arterial stiffness.””) Phagocytosis of urate crystals induces
NLRP3 inflammasome activation in macrophages, which induces
interleukin-1[3 production. This stimulates inflammation, smooth
muscle cell proliferation, endothelial dysfunction, and ultimately

9,10] increased arterial

promotes arteriosclerosis.! However,
stiffness can additionally be induced through the previously
mentioned crystal-independent mechanisms, including RAAS
upregulation, reduced endothelial NO, and oxidative stress.'”’
Although the two proposed phases of hyperuricemia-induced
hypertension are interlinked, their distinction may have profound
importance regarding the effectiveness of urate-lowering therapy

for lowering blood pressure.

The Association between Uric Acid Level and Blood
Pressure

A major obstacle in the identification of the association
between serum uric acid levels and hypertension is the fact that
hyperuricemia typically exists alongside other cardiovascular
risk factors. Confounding is a significant potential source
of bias. Despite this, numerous epidemiological studies
suggest that hyperuricemia is independently associated with
hypertension.[!1¢]

A meta-analysis of 97,824 participants from 25 observational
studies demonstrated that hyperuricemia was associated with
a higher risk of incident hypertension. For every 1 mg/dL
(60 umol/L) increase in serum uric acid levels, the relative risk
(RR) of hypertension rose by 15% (RR = 1.15, 95% confidence
interval [CI] 1.06-1.26) after adjusting for confounders.') Such
findings were consistent with a previously conducted meta-
analysis!? and a recent study found that elevated serum uric
acid predicts hypertension independent of alcohol drinking
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status.'¥) Hyperuricemia has been shown to be independently
associated with altered blood pressure variability and a nocturnal
non-dipping hypertensive profile. Such changes are associated
with increased risk of cardiovascular, cerebrovascular, and
renovascular disease, suggesting that uric acid could be involved
in establishing a more pathogenic form of hypertension.!'”!¥]
Although the risk of hypertension from hyperuricemia is well
established in both sexes, a stronger association is observed in
females." This relationship is also apparent in pregnancy. Serum
uricacidlevelsincrease in gestational hypertensives and positively
correlate with the severity of hypertension. Consequently, uric
acid may act as a sensitive predictive marker for pre-eclampsia.!'*’

The relationship between hyperuricemia and hypertension
exists from an early age. The 1999-2006 National Health and
Nutrition Examination Survey examined this association in
6036 US adolescents aged 12-17 years of age. About 34% of
participants had elevated serum uric acid, defined as >5.5 mg/dL
(2330 umol/L). Compared to those with a lower serum uric
acid, these adolescents had a 2-fold increased risk for elevated
blood pressure after adjusting for age, sex, ethnicity, and body
mass index (odds ratio [OR] = 2.03, 95% CI 1.38-3.00).l' A
study of a similar population supported these results and found
that adolescents who drank more fructose-containing beverages
had increased serum uric acid levels and elevated blood
pressure.?”) The Bogalusa Heart Study also demonstrated that
childhood uric acid levels predict blood pressure in adulthood.
A total of 577 participants aged 5-17 years were followed, and
their childhood serum uric acid levels were strongly correlated
with blood pressure in both childhood and adulthood.[s!

However, the risk is less apparent in older populations. In
fact, in a meta-analysis, an inverse relationship was observed
between increasing mean sample age and RR of hypertension
afforded by uric acid."?! A recent prospective study followed
808 non-hypertensive Korean adults and found a significant
association between hyperuricemia and incident hypertension
in those aged <S5 years. In contrast, the association was not
demonstrated in those aged >S5 years.l") Thus, the association
between hyperuricemia and hypertension appears to weaken
with age.

A recently performed Mendelian randomization (MR)
analysis using data from UK Biobank, Million Veterans Program,
and genome-wide association study consortia found a consistent
relationship between genetically predicted serum uric acid and
blood pressure.?!) In addition, it showed that every 1 standard
deviation increase in genetically predicted serum urate was
associated with an increased risk of coronary heart disease (OR
1.19,95% CI 1.10-1.30, P = 4 x 107°), peripheral artery disease
(1.12,95% CI 1.03-1.21,P=9 x 107%), and stroke (1.11,95% CI
1.05-1.18, P=2 x 107*). The relationship between uric acid and
blood pressure was also found to be an important component
of this increased risk of cardiovascular disease. Network MR
mediation analysis found that 29% (95% CI 9-48%) of the risk
of CHD, 44% (95% CI 5-83%) of risk of PAD, and 45% (95% CI
14-76%) of risk of stroke were mediated through blood pressure.
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Clinical Trials of Urate-Lowering Therapy

Allopurinol, a drug commonly prescribed for the prophylaxis of
gout, inhibits the activity of xanthine oxidase, leading to reduction
in both serum uric acid and oxidative stress through reduced
superoxide anion production. Allopurinol has been shown to
improve cerebral nitric oxide bioavailability in people with type 2
diabetes,?! reduce markers of inflammation after ischemic
stroke, ¥ reduce carotid intima-media thickness progression,**
cause regression of LVH in patients with diabetes,s renal
impairment, and angina,*! reduce myocardial ischemia in
patients with angina,?”’ and reduce augmentation index."!
Several studies have directly assessed the effect of urate-
lowering therapy on blood pressure. First, in a randomized,
placebo-controlled, double-blinded trial of adolescents with
early-onset hypertension,*) allopurinol was found to significantly
reduce 24 h ambulatory systolic and diastolic blood pressure over
8 weeks. The mean change in 24 h ambulatory systolic blood
pressure (SBP) was —6.3 mmHg (95% CI, —3.8--8.9 mmHg)
with allopurinol and 0.8 mmHg (95% CI, 3.4-—2.9 mmHg) with
placebo (P = 0.001). In another study including obese adolescents
with pre-hypertension,*” both allopurinol and probenecid led to a
significant reductioninblood pressure. The fact that both axanthine
oxidase inhibitor and uricosuric drug lowered blood pressure
suggests the change was mediated through uric acid reduction and
not secondary effects of allopurinol. This is further supported by a
recent study where pegloticase, a recombinant uricase, significantly
decreased blood pressure in people with chronic gout.>!]
However, not all studies have shown a reduction in blood
pressure with urate-lowering drugs. In a randomized, double-
blind, placebo-controlled study of African-Americans with Stage
1 hypertension,** 4 weeks allopurinol did not lower SBP (mean
change in SBP vs. placebo [ difference 4.3 mmHg (95% CI, -0.2—
8.7); P=0.059]). In this study, baseline blood pressure was very
low (119.9 * 13.6 in the allopurinol group and 117 £ 11.2 in the
placebo group). Similarly, in a double-blind, placebo-controlled
trial of 149 overweight or obese adults with hyperuricemia,
8-week urate lowering with probenecid or allopurinol did not
affect RAS activity of measures of blood pressure.’?] Baseline
blood pressure was also well controlled in this study. The most
recently published trial is the SURPHER study.l** This was a
randomized, double-blind, crossover clinical trial. Participants
were adults with hyperuricemia and a baseline systolic BP >120
and <160 mmHg or diastolic BP >80 and <100 mmHg. After
4-week allopurinol, there was no change in SBP compared to the
placebo phase, although flow-mediated dilatation did increase.
A recently published systematic review and meta-analysis
included data from 1S5 randomized controlled clinical trials
which assessed the effect of urate-lowering therapy on blood
pressure.?!) After exclusion of one study (of people receiving
dialysis) causing significant heterogeneity with a high risk of bias,
people treated with urate-lowering therapy had greater reduction
in SBP than controls (mean difference in SBP —2.55, 95% CI
—-4.06-—1.05, P = 1 x 1073, 1*43%). However, the difference did
not reach statistical significance when only studies with a low
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risk of bias were included (mean difference in SBP —7.40, 95%
CI -15.98-1.18, P = 0.09). Meta-regression demonstrated that
higher baseline serum urate concentration was associated with
greater SBP reduction with urate-lowering therapy but did not
identify an association with change in serum urate and BP. The
study also found that urate-lowering therapy was associated with
reduction in risk of MACE in people with a history of a previous
cardiovascular event.

Conclusions

Uric acid likely does have a role in the development of
hypertension in certain individuals. This may be particularly true
in younger adults with obesity. This observation is supported by
numerous epidemiological studies, MR studies, and results of
clinical trials. However, clinical trials have not yet convincingly
demonstrated a role for urate-lowering therapy in the treatment
of essential hypertension. Although this remains a very promising
area, further research is needed.
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Transforming Hypertension Care through the Lens of Planetary Health
Clea du Toit, Linsay McCallum, Stefanie Lip, Sandosh Padmanabhan

Glasgow Cardiovascular Research Centre, Institute of Cardiovascular and Medical Sciences, University of Glasgow, UK

Abstract

Hypertension is the most significant modifiable cardiovascular disease risk factor and is projected to affect 1.5 billion people
worldwide by 2025. Despite being relatively easily diagnosed and treated, hypertension remains poorly managed in up to 80%
of affected individuals. This implies that simply scaling up existing paradigms of hypertension screening and treatment may not
translate to better and sustained hypertension control. Rather, there is a case for rethinking existing paradigms and additionally
accommodating emerging priorities brought about by climate change and the COVID-19 pandemic. Indeed, the pursuit of
planetary health calls for innovative solutions as set out in the UN’s Sustainable Development Goals. Transforming hypertension

care requires reimagining the role of the randomized controlled trial as the gold standard in a world where patients are seen as
individuals rather than an average of a population. We propose n-of-1 trials (single-subject clinical trials) enabled by technology as
a moonshot strategy to affect a quantum change in hypertension management with trickle-down benefits across all cardiovascular

and chronic diseases.

Key words: Cardiovascular disease, climate change, hypertension, moonshot, n-of-1 trial

Introduction

Annually a third of all global deaths (>18 million people
worldwide) can be attributed to cardiovascular diseases
(CVD) such as coronary artery disease, cerebrovascular
disease, and heart failure.l'*) Hypertension is the major risk
factor for CVD directly accounting for up to 10.5 million of
these deaths annually and 7% of global disability-adjusted life
years.'] By 2025, hypertension is projected to affect more
than 1.5 billion people globally compared to the 1 billion
people affected currently.’] There is robust evidence from
randomized controlled studies that control of risk factors such
as dyslipidemia, hypertension, smoking, and diabetes can reduce
the burden of CVD.! Modeling indicates that effective control
of hypertension through improving treatment rates and lifestyle
could save more lives than any other clinical intervention.
Despite being relatively easy to detect and treat (in most cases)
using inexpensive generic drugs, hypertension is controlled to

[467

targetin <1 in S patients. ] Achieving adequate blood pressure

(BP) control is challenging, because of the asymptomatic nature
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of the condition, high levels of non-adherence to treatment,
and more importantly the underpinning cause of hypertension
remains unclear in most patients. The current strategy is to
treat only those with established hypertension,’®! which does
little to end the global BP burden as the “low-risk” patients,
who make up the largest share of the population at risk, are
ignored. For the population at large, the greatest burden
from hypertension occurs among people with only minimally
elevated BP,” because there are so many of them - population
attributable risks of raised BP in those not currently classified as
hypertensive are large. The disproportionate risk for the global
population from relatively mild hypertension bears strongly
on the question of how to achieve the greatest reduction in the
risks of hypertension. Globally, there remain major shortfalls
in awareness of hypertension, uptake of hypertensive therapy,
and BP control. Increased awareness of hypertension does
not necessarily imply increased uptake of antihypertensive
therapy, and increased uptake of antihypertensive therapy does
not imply better BP control. The most recent study of trends
in hypertension control in the United States showed that the
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estimated proportion of adults with hypertension who had
controlled BP increased from 31.8% in 1999 to 2000 to 48.5% in
2007 to 2008, and then remained stable until 2013 to 2014, but
significantly decreased to 43.7% in 2017 to 2018.1) This implies
that scaling up existing paradigms of hypertension screening
and treatment may not translate to higher and higher levels of
BP control. Furthermore, existing paradigms must be adapted to
accommodate new priorities caused by climate change and the
COVID-19 pandemic.

Sustainable Development Goals and Planetary Health

From greater air and water pollution to an increase in extreme
weather events, our economic and development progress over
the last 100 years has created unintended consequences for
the natural world and increased the incidence of disease as the
growing human population is more susceptible to the effects of
environmental change. Carbon risk affects both patients and
health services through the impact of climate change on many
of the social and environmental determinants of health and on
the consequent impact on healthcare service delivery.'”) For
hypertension, increased pollution and socioeconomic disruption
linked to climate change promote the incidence of hypertension
and poorer outcomes. Concurrently, hypertension drives carbon
emissions primarily from suboptimal BP control, increasing
patients’ travel to attending clinics and investigations often
separated in space and time. Thus, there is a case for considering
the wider implications of optimizing BP management beyond
not only improving patient outcomes but also reducing the
carbon footprint.

The adoption of the United Nations 2030 agenda for
sustainable development in 2016 by the global community
reflects an understanding that opportunities to improve health
can be found not just in specific health interventions but more
crucially through interactions of environmental protection and
social justice. The wide-ranging and interconnected nature
of the Sustainable Development Goals (SDGs) presents an
opportunity for creative and innovative approaches. Goal 3 on
health encompasses a large number of disease or condition-
specific areas (maternal and child health, infectious diseases,
non-communicable diseases (NCDs), injuries, substance
abuse, and road traffic accidents) as well as cross-cutting or
systems-related issues including universal health coverage,
health financing, human resources for health and disease
surveillance. The combination of targets under Goal 3 means
that a narrow focus on a handful of specific health conditions
and the systems needs related to them is no longer a viable health
systems strengthening strategy. Instead, we need to consider
how different approaches to health systems strengthening
may intersect with multiple different health conditions. The
United Nations Development Programme envisions a planetary
health program as a means to achieve SDGs and defines it as
“the health of human civilization and the state of the natural

systems on which it depends.”l') To accomplish this, the

Hypertension Journal e Vol.7:2 e Apr-Jun 2021

du Toit, et al.

concept also calls for a multidisciplinary, cross-sector, and
transborder approach to change mindsets and behaviors at
every level, from global to local. Many of the ecosystem threats
to human health are global and will require long-term planet-
wide solutions, with climate change being the most prominent
of those threats. Unlike traditional public health measures such
as spraying for mosquitoes, interventions inspired by planetary
health often have multiple health benefits: green spaces can not
only combat mosquito-borne disease and heat-related deaths
but also improve water quality and provide important mental
health benefits.

Impact of the COVID-19 Pandemic

COVID-19 has impacted health in several different ways
and those at risk of or already living with CVD are at an
especially heightened risk. Indeed, the excess mortality risk
due to COVID-19 was comprised not only of the immediate
consequences of the infection itself but also those related to
the cardiovascular system.'>"3] The OpenSAFELY platform
documented across a large database of adults in the UK that
chronic cardiac disease, stroke, dementia, reduced kidney
function, uncontrolled diabetes, and organ transplant
considerably increase the risk of death in patients with a
positive diagnosis of COVID-19.' While OpenSAFELY
shows that hypertension itself does not necessarily increase
the risk for severe disease and death from COVID-19, many
CVD patients also live with multiple coexisting comorbidities,
which make them even more vulnerable to COVID-19, and
hypertension was observed as the most frequent comorbidity
in patients who died from COVID-19. International lockdown
protocols, access to regular COVID-19 reports and updates
and overwhelmed healthcare services have resulted in a decline
in individuals accessing healthcare services for non-COVID-
related conditions."®! Before the COVID-19 pandemic, fewer
than 1 in 3 individuals globally were either aware of their BP or
had their hypertension controlled on treatment. The COVID-19
pandemic-related rise of remote consultations, limited face-to-
face primary-care/hospital visits and routine screening has had
anegative impact on diagnosis, monitoring, and management of
all NCDs including hypertension.[''¢) Predictably, the impact of
COVID-19 upon circulatory health will be of a greater extent and
longer duration in low-to-middle-income countries (LMICs)
due to late-onset and expansion of vaccination programs.'” The
decline in non-COVID-related hospital admissions was greater
in areas of resource constraints, as was the decline in BP control
in ethnic minorities.['*! Furthermore, there is less information
available from LMICs with only a third of publications in a
recent review stemming from LMICs.!'*] Access to telehealth or
remote healthcare (e.g. home BP monitoring and telemedicine
consultations on glycemic control for diabetes patients) is not
necessarily able to alleviate these disparities because it often
comes with the expense of extra personal equipment.
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Transforming Hypertension Care through the Lens of
Planetary Health

The global underdiagnosis and undertreatment of hypertension
indicate that systematic transformation is required.!'” Broad
commitments to improved cardiovascular health will no doubt
lead to some improvements, but much like the cancer moonshot,
they are doomed to fade into obscurity without strict timelines,
milestone-driven plans, and adapting to the new priorities and
responsibilities envisioned by SDGs and planetary health.

The key challenges facing hypertension diagnosis and
management from a global to local perspective are summarised
below and highlight the scale of the problem requiring innovative
solutions that must consider the whole range of requirements
from managing hypertension in a personalized and participatory
manner across all levels of raised BP, global relevance and
application, not overburdening healthcare systems, generating
new evidence on efficacy and safety and new insights into the
underlying mechanisms of disease.

Challenges

(1) Pharmacotherapy is informed by randomised controlled
trials (RCTs) that are usually conducted in high-risk
populations and the results are extrapolated to the largest
at-risk population subgroup (young and/or with low
cardiovascular risk). Current treatments of CVD are based
on RCTs, the gold standard to establish the effectiveness
and utility of therapy. RCTs have revolutionized healthcare,
but most of the population-level improvements observed
for CVD as a result of this have now plateaued suggesting
new approaches are needed. RCTs offer population-level
average estimates of the efficacy of a treatment that has
been applied in the current ‘all-comers’ one-size-fits-all
approach to management. This approach does not account
for an individual’s genetic, physiologic, demographic, and
environmental characteristics. These factors are known
to influence drug response at an individual level which is
reflected in the high inter-individual and inter-population
variability of response to most cardiovascular medications.

(2) Treatment and preventive strategies are not truly
individualized. Discounting the rare monogenic forms
of hypertension in which specific drugs or drug classes
are indicated, the underpinning mechanism of essential
hypertension is multifactorial with genetic and other
biomarker tests not currently useful in determining the
best antihypertensive therapy. Prescribing decisions are
still based on broader factors such as age, sex, or ethnicity.
For instance, individuals of African descent tend to respond
better to diuretics and calcium channel blockers, while
white Europeans benefit slightly more from ACE inhibitors
or B-blockers.[®!

(3) The process of drug selection, dose titration, and recording
of BP and adverse effects during the trial-and-error period
is rarely comprehensively standardized on a national level
and completely lacks international harmonization. Current
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management approaches are inefficient, expose patients
to extensive periods of suboptimal treatment, and there is
no systematic repetition of prior treatments or systematic
assessment of outcomes. Consequently, both the patient
and physician may be lulled into a false sense of security
about the true effects of a particular prescribed therapy.

(4) Non-adherence

measures.

to pharmacotherapy or preventive

(5) Because of costs, even if a new drug/device shows success
for hypertension, they are likely to be directed towards a
relatively small fraction of the at-risk population and applied
primarily in high-income countries.”!

(6) The high prevalence of hypertension in relation to the
number of primary care or specialist doctors means more
and more responsibility for follow-up may need to be
divested to the patient.l

(7) Factors specific to LMICs:

a. Paucity of clinical trials and genetic studies in non-
European populations resulting in a major gap in evidence
base for non-European populations on population-
specific drug response or adverse reaction rates.

b. Lack of genomic data in these populations that essentially
disenfranchises them from personalized management or
precision medicine.

c. Lack of effective systems to monitor and manage NCDs
due to the recent epidemiological transition from
communicable diseases to NCDs in these countries.

Importantly, the issues identified above are not specific to

hypertension and are relevant to other conditions along the

cardiovascular continuum. For example, in atrial fibrillation,
the drug that is most efficacious, best tolerated, and results in
optimum health-related quality-of-life is unknown and may
differ for each individual patient;*!! there is no known effective
treatment for heart failure with preserved ejection fraction
resulting in an empirical approach to therapy with existing
drugs;?? a wide range of treatments are available for chronic
stable angina which is prescribed on a trial-and-error basis.’]

Diabetes is another important cardiovascular risk factor and

studies examining relative efficacy (on glucose levels, as well as

weight and BP) of old and new diabetes drugs across ethnicity
are entirely lacking, as is information on patients’ experiences of
different drugs.?

Hypertension “Moonshot”

We posit that the major barrier to achieving an exponential
improvement in cardiovascular health is the set of interlinked
problems listed above that are common to conditions across
the cardiovascular continuum. A paradigmatic shift in CVD
management requires leveraging current structures, tools, and
guidelines to build newer models of care that need to simultaneously
generate evidence, offer better prediction, demonstrate improved
outcome, catalyze new research, and change behavior. The
solution must transcend taxonomic labels and geographic
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boundaries and move from an empirical, all-comers, RCT-
informed strategy to a multi-omics, technology-driven, patient-
empowered, precision medicine system that is inclusive of all
populations. Realization of this goal requires transformative
advances focussed on collecting more patient data, enabling
faster research, better decision support for physicians, and
better engagement of patients on a global scale. More crucially,
given the scale of the problem, it is essential that any solution
developed is available early to have a meaningful impact on
global health.

Here, we evoke the “moonshot” metaphor despite decades
of overuse and misuse of the term having given it a trite and
overly simplistic flavor. However, a plan which promises to bring
together players from disparate fields of science, technology, and
engineering to solve a clearly defined human problem in a short
timeframe is undeniably captivating, regardless of its phrasing.
Hence, how about a moonshot to improve global hypertension
in § years?

The hypertension moonshot is to develop a technology-
driven healthcare platform that will address a majority of the

du Toit, et al.

aforementioned challenges to produce a substantial impact
on the burden of hypertension within a reasonable time
span, for instance, S years [Figure 1]. The moonshot model is
essential in order to adapt and integrate clinical management,
patient participation, and evidence generation into a learning
technology platform that can be implemented globally. This
requires clinicians, technologists, public health experts,
epidemiologists, clinical triallists, behavioral scientists, and
patients with global representation to engage in the development
and implementation.

The underpinning concept for our proposal is n-of-1 trials,
which are single-subject clinical trials that consider an individual
patient as the sole unit of observation with the goal to determine
the optimal intervention for the individual patient using objective
data-driven criteria. Crucially, n-of-1 trials allow value to be
returned to the patient immediately along with positive impacts
on physician training. However, n-of-1 trials are not an off-the-
shelf solution and require adaptation to fulfill the aims of this
project. Conducting n-of-1 trials at scale in different countries
offers a unique opportunity to level the playing field in terms of
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generating population-specific drug response patterns through
meta-analysis of multiple n-of-1 trials. The critical enablers that
make n-of-1 trial realizable are the ubiquitous use of mobile
phones globally, and more recently the COVID-19 pandemic-
related disruption of routine healthcare for chronic conditions.
The feasibility of using n-of-1 trials to generate evidence globally
is exemplified in this power calculation - for the trials of standard
care vs. a systematic approach to drug selection for hypertension,
assuming the standard deviation of systolic BP to be 10 mmHg,
then 86 patients per group would be required to have 90% power
to detect a S mmHyg difference. Allowing for 30% loss to follow-
up, a total of 224 patients randomized per country would be
required.

To fully empower patients to conduct n-of-1 trials
independently and safely with a collection of reliable
measurements, wearable devices need to be developed for
continuous data collection with minimal patient involvement
and this needs to be integrated into the workflow. Increasing
patient engagement in their health requires robust methods
of data security and privacy. Solutions using blockchain
hyperledger technology, for instance, will permit data security,
integrity, and personal ownership of data and additionally
may enable different methods of incentivization to improve
treatment adherence or maintain healthy behavior. Establishing
a technology-enabled system that will permit collection of high-
quality data from controlled studies globally allows populations
underrepresented in clinical trials and genomic studies to
leap-frog towards opportunities in precision medicine whilst
populations in advanced economies can leverage the ability to
generate personal-level data at scale to drive more ambitious
research for global benefit and impact.

There are manifold benefits if such a platform can be
successfully developed and deployed. N-of-1 trials can help
patients and clinicians recognize ineffective therapies, thus
reducing polypharmacy, minimizing adverse effects, conserving
health care resources, and fulfilling net-zero goals. Patients
become more acquainted with the scientific method and in
particular the value of rigorous clinical experiments. Clinicians
become more connected to the process of generating clinical
evidence, more engaged in clinical research, and potentially
more interested in participating in clinical trials. Technological
advances in data science, smartphone technology, and wearables
make this the right time to make greater use of n-of-1 clinical trials
in improving outcomes, increasing compliance to healthcare
interventions, and healthcare cost savings.

Conclusions

Implementing a technology solution based on n-of-1 trials
for hypertension management within 5 years is an ambitious
ask, but one which is imperative if we are to reduce the global
burden of hypertension. As with climate change, we cannot
afford to delay taking transformative action while attempting
to scale up existing solutions which are failing to meet the goals
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of planetary health. Since hypertension lies at the beginning of
the cardiovascular continuum, the benefits of addressing it will
have trickle-down effects across all CVD. Worldwide adoption of
such a technology-enabled platform will facilitate the equitable
improvement of BP control, which is all the more crucial as the
effects of both climate change and hypertension continue to
ravage vulnerable populations LMICs.
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Weight Management in Hypertension: A Scotland Perspective
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Abstract

Hypertension affects 1.2 million people in Scotland and often co-exists with other cardiovascularrisk factors such as diabetes mellitus,
dyslipidaemia and obesity, amplifying the morbidity and mortality risk. Obesity levels in Scotland are the highest in the United
Kingdom and result in a high economic burden for the National Health Service. Scotland utilises a 4-tier framework to deliver adult
weight management services ranging from behavioural and preventative interventions to bariatric surgical management. There are

limitations to service delivery and lack of consistent data on service evaluation. For weight management services to be effective for

patients with co-existing hypertension there needs to be integration into primary and secondary hypertension care pathways with

engagement of all stakeholders, most importantly patients to move the service forward in a positive way.

Key words: Blood pressure, lifestyle changes, obesity

An estimated 1.2 million people in Scotland are living with
hypertension, which is a leading cause of stroke and myocardial
infarction. Less than a third of those people have their blood
pressure (BP) adequately treated and controlled. The Scottish
Parliament Cross Party Group Inquiry into hypertension
identified several areas that should be prioritized, including early
detection, adherence to medication, and providing health and
social care professionals with the right information and training,
Hypertension is a condition which often coexists with other
long-established cardiovascular (CV) risk factors including
diabetes mellitus, dyslipidemia, and obesity. Obese patients are
prone to arterial hypertension, require more antihypertensive
medications, and have an increased risk of treatment-resistant
arterial hypertension. In addition, obesity increases the risk for
diseases affecting almost every organ system, including type 2
diabetes, non-alcoholic fatty liver disease, and certain types of
cancer.l?) The coexistence of these risk factors further amplifies
the risk of both CV and non-CV morbidity and mortality.

In Scotland data from the Scottish Health Survey™ show that
since 2018 the prevalence of overweight and obesity in adults
has remained stable at around 65% with significantly higher
prevalence among men compared with women (68% and 63%,
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respectively). The proportion of children (2-15 years old) at
risk of overweight is around 12-15% with a higher prevalence
among girls than boys and substantial inequalities in the risk of
overweight and obesity between children living in the least and
most deprived areas in Scotland - and evidence to suggest that
this gap is widening.*!

Obesity levels in Scotland are not only the highest in the
UK®4! but also rank among the highest of the Organisation
for Economic Co-operation and Development countries. The
cost to the health service in Scotland of overweight and obesity
combined is estimated to be between £363 and £600 million
(most of these costs are incurred because of associated
conditions such as CV disease and type 2 diabetes, rather than
direct costs of treating or managing overweight and obesity).
The latest estimate, in 2015, of the total (direct and indirect)
costs of overweight and obesity in Scotland, including labor
market-related costs such as lost productivity, have been put at
£0.9-4.6 billion.”

Treating hypertension in the obese requires addressing the
obesity as part of the therapeutic plan. However, obesity is a
condition that has few preventive strategies that have proven
effective on a population basis and require medications,
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Weight management: A Scottish perspective

aggressive diet counseling, and behavioral techniques, and
sometimes bariatric surgery.?*]

Weight Management in NHS Scotland

A body mass index (BMI) of 25-29.9 kg/m? is defined as
overweight, with a BMI of >30 kg/m? classified as obese."”]
The NHS in Scotland uses a 4-tier framework to deliver adult
weight management (WM) services, ranging from public health
initiatives to bariatric surgery, as outlined in Table 1.1

Tier 1 focuses on public health. Rising obesity rates have
largely been attributed to the availability of cheap, calorie-dense
foods and increasingly sedentary lifestyles.””) The Scottish
Government produced a 2018 review aiming to tackle obesity
with its “diet and healthy weight delivery plan” acknowledging
the increased volume of fat and sugary snacks consumed by
children, meaning the problem is starting early in the Scottish
population. The 2016 Scottish Health Survey reported 29%
of children were at risk of being overweight with 14% already
categorized as obese and highlighted the important association
with deprivation. Recommendations focussed on improving
access to WM services and promotion of healthy weight and
diet. This included the Soft Drinks Industry Levy to reduce
sugar content in soft drinks and challenging the food industry
to reduce the sugar content by 20% in foods commonly eaten
by children."”) Following government initiatives, community
pharmacists are considered a useful tool for engaging the public

514 Effectiveness

and offering lifestyle advice and products.!
data are sparse, and some studies have shown that although the
resource has potential to be an effective tool, awareness among
the Scottish population is low, and there was reluctant to engage
due to perceivedlack of privacy and lack of pharmacist’s specialist
knowledge.''* Online advice is provided by NHS Inform as part
of the tiered approach to WM e.g. adults with a BMI >25 kg/m*
can access a free online self-directed 12-week WM program with
telephone support.''S) Online weight loss programs have yielded

modest results with positive effects on weight loss maintenance,

Table 1: NHS weight management 4-tier framework
Tier 1

Behavioural and preventative interventions set in
pre-healthcare, primary care, and community settings.
Combination of general practitioners, district nurses,
pharmacists, public health interventions, and national
campaigns to identify those at risk of overweight and
obesity.

Tier 2 Lifestyle management services and interventions often
time-limited set within community and local services. Often
referral-based for dietetic-led services and exercise referrals
aimed at those who are overweight or low risk (without

significant comorbidities) obesity.

Tier 3 Clinic-based clinician-led MDT approach with input from
bariatric surgeons/specialist-interest GPs, nurses, and

psychiatric services.

Tier 4 Bariatric surgical management of obesity with pre- and

post-procedure follow-up.
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though require online access and a degree of computer
literacy.l'”) Dietary and exercise advice offered by clinicians tend
to recommend controlled calorie deficit, and advice to increase
activity. SIGN highlights that many diets are not universal in
their description and that studies into their effectiveness have
been small, meaning there is insufficient evidence on which to
base a recommendation.!*!

Tier 2 services are often time-limited, such as the NHS
subsidized referral to Weight Watchers, offering 12 sessions
for in person WM input. The number of sessions or weeks
offered varies across health boards as well as the definition of
a successful outcome. Some programs across Scotland offered
free pedometers or gym membership, but this was often not
individualized and offered general advice about increasing
activity levels. Strategies to increase patient engagement with
‘WM vary, with differing results. High attrition rates from referral
to attendance, poor compliance from the public with services
(<25% program completion), and low rate of referral from
primary care are the main barriers to successful long-term weight
loss success.'”) However, data are encouraging that when used,
referral to community-based WM services is cost-effective for
managing co-morbidities associated with obesity.!'”? There is a
lack of data regarding longer-term success of WM programs.

Telephone-delivered"®! and text messagel'” WM services,
along with services offering financial incentive,"® have been
researched as potential tools for WM support and to bridge the
socioeconomic spectrum. Barriers were noted as being decision-
makers awareness of the service and using the referral system.[!*]
In fact, the referral of patients and the confidence in decision-
makers of using such services for WM and communication
between primary care and WM services were repeatedly reported
as the barrier to the success of WM programs within Scotland
and afar.[51417]

Tier 3 services ideally offer 1-2-1 input with dietetics,
cognitive behavioral therapy, and pharmacotherapy however
within Scotland, availability is limited. Evidence shows high
success rates, especially within the first few months, however,
such as tiers 1 and 2, attrition rates were high and the reasons
behind this are unclear.

Referral to tier 4 is stricter than previous (BMI >35 kg/m?
with obesity-related disease present). Bariatric surgery is a cost-
effective treatment option, however, access is limited nationally
to this service, though there is a discrepancy in data over long-
term savings made both in terms of health and cost to the
NHS.

Impact of COVID-19 Pandemic

As indicated above social, economic, and racial disparities
in obesity and CV disease are well recognized. The
disproportionate impact of the COVID-19 pandemic among
ethnic minorities in the UK and in indeed in other developed
countries®") has brought sharply into focus fundamental issues
how “intersections between socioeconomic status, ethnicity
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and racism intensify inequalities in health for ethnic groups”
on all health outcomes.?” The Scottish Government Expert
Group on COVID19 and Ethnicity has embarked on a broad
approach to mitigating ethnic disparities in COVID-19 and the
impact extending to CV and other health conditions where these
disparities exist.[?*

We can conclude that obesity is a national problem with
poor projections for health and the economy. Hypertension
in Scotland is predominately delivered in primary care with
complex patients referred to secondary care. Risk factor
reduction is crucial to reduce the public health burden of CV
disease. WM from an individual and public health perspective is
problematic. Challenges are linked to lack of public awareness
and engagement with the services available through to the large
disparities in the provisions of WM services and rates of referral in
primary care settings. The lack of data available for best practice
for short and longer-term weight loss services needs addressed
to improve WM from both a health and economic approach,
along with a closer look at causes for high attrition rates from
treatment programs, and what can be done to improve patient
engagement and therefore better WM outcomes. The Scottish
Tier system is a national program to help tackle obesity. To
be effective, this needs to be integrated into hypertension and
other relevant care pathways, consider the complex drivers of
health disparities and needs to be co-developed with patients
and other stakeholders, for example, primary and secondary care
physicians, nurses, pharmacists, and dieticians. Evaluation and
quality improvement are key to moving the service forward in a
positive way for individuals and health care systems.
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An Unusual Cause of the Left Ventricular Hypertrophy and Heart
Failure: Eosinophilic Myocarditis (Clinical Images)
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Abstract

A 27-year-old man presented with dyspnea and chest pain; blood tests showed an elevated NT-proBNP and hyper-eosinophilia,
and there was evidence of left ventricular hypertrophy and systolic dysfunction at imaging. Endomyocardial biopsy confirmed
a diagnosis of eosinophilic myocarditis. Treatment with high dose corticosteroids, a beta-blocker and an angiotensin-converting
enzyme inhibitor was initiated, with complete recovery of cardiac structure and function a week later. Eosinophilic myocarditis is a
rare cause of heart failure: its prompt diagnosis improves management and outcome.

Key words: Eosinophilic myocarditis, corticosteroids, acute heart failure

Introduction

It is estimated that more than 900,000 people have heart
failure (HF) in the UK, and 200,000 are newly diagnosed with
this condition every year. Epidemiologic reports suggest that
hypertension, atrial fibrillation, ischemic heart disease, and age are
key drivers of the development of HF, ! but rarer etiologies should
be suspected and investigated, particularly in young patients.

Case Discussion

A 27-year-old man with no previous illness was admitted to our
emergency department with chest pain and dyspnea. He was
a non-smoker and had no family history of cardiomyopathy.
Physical examination showed peripheral edema and inspiratory
crackles at lung bases; his blood pressure was 125/70 mmHg,.
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Serial electrocardiograms were initially normal, but blood tests
revealed elevated high-sensitivity troponin-I (10.39 ng/ml,
normal range (nr) <0.14 ng/ml) and amino terminal pro-brain
natriuretic peptide (NT-proBNP 1056 pg/ml; nr: <125 pg/ml).
C-reactive proteinwas 6.3 mg/L, withmodesthypereosinophilia
(990/uL, nr: <500). A few hours after the admission, the
patient developed cardiogenic shock requiring inotropic
support and diuretics. A transthoracic echocardiogram showed
severe left ventricular (LV) hypertrophy with impaired systolic
function (LV ejection fraction: 36%) and pericardial effusion
[Figure 1; Panels a-c]: A diagnosis of acute HF was made
and endomyocardial biopsy (EMB) was performed to clarify
etiology further. A few days later, cardiac magnetic resonance
imaging demonstrated LV systolic dysfunction with increased
wall thickness and diffuse transmural edema [Figure 2; Panels a
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Figure 1: Transthoracic echocardiogram. At admission, apical four-chamber (Panel a), two-chamber (Panel b), and
parasternal short-axis (Panel c) views showed left ventricular (LV) hypertrophy (maximal LV wall thickness 19 mm), systolic
dysfunction (LV ejection fraction [LVEF] 36%), and pericardial effusion. Seven days after treatment with methylprednisolone,
LV wall thickness (10 mm) and LVEF (60%) were normal, and there was resolution of pericardial effusion (Panels d-f)

ANT-SEPT

14 mm /'

14 mm /

INE-LAT

Figure 2: Magnetic resonance (MR) T2-weighted mid-ventricular short-axis image (Panel a) demonstrates a thickened left ventricular wall
with transmural hyperintense signal due to edema; cine MR on the horizontal long-axis plane (Panel b) confirms LV hypertrophy and systolic
dysfunction, and pericardial effusion (asterisk). Endomyocardial biopsy showed necrosis, fibrosis, and interstitial edema (Panel ¢, black
arrow, hematoxylin and eosin [H and E] 200x) with diffuse eosinophils infiltration (Panel d, black arrows, H and E 400x). A repeated echo
performed before hospital discharge and showed recovery of LV global and regional longitudinal function measured by speckle tracking
(global longitudinal strain: ~21%, Panels e and f)

Hypertension Journal e Vol.7:2 e Apr-Jun 2021 93



Taconelli, et al.

and b]; EMB confirmed a diagnosis of eosinophilic myocarditis
[Figure 2; Panels c and d]. The patient was treated with high-
dose corticosteroids (methylprednisolone, 10 mg/Kg iv.
for 3 days, followed by methylprednisolone 1 mg/kg/day), a
beta-blocker, and an angiotensin-converting enzyme inhibitor,
with complete restoration of LV contractile function and
normalization of wall thickening a week later [Figure 1 Panels
d-fand Figure 2, Panels e-f].

Conclusion

Eosinophilic myocarditis is a rare cause of HF and a potential
life-threatening disease, with a high in-hospital mortality."”!
Timely diagnosis and a prompt initiation of treatment are crucial
to improve management of this condition.

Eosinophilic myocarditis
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Aortic Narrowing - Takayasu or Mid-aortic Syndrome? (Case Report)
Peter Schulga’, Rosalyn Ardill?, Neil Turner?, Ben C. Reynolds*

'Department of Paediatric, ST7, Royal Hospital for Children, 1345, Govan Road, Glasgow, UK, ?Department of Paediatrics, Royal Hospital for Children and
Young People; 50 Little France Crescent, Edinburgh, UK, *Department of Nephrology, Edinburgh Medical School, University of Edinburgh, UK, “Department of
Paediatric Nephrology, Royal Hospital for Children, 1345 Govan Road, Glasgow, UK

Abstract

Case Description: We report a 15-year-old female who presented with asymptomatic hypertension. She was overweight, with a body

mass index of 27.7 kg/m? at presentation. Weight loss did not improve blood pressure (BP). Initial investigations demonstrating poor

intrarenal vascular flows. A cross-sectional imaging identified marked aortic narrowing, consistent with either mid-aortic syndrome
(MAS) or Takayasu arteritis. Multiple antihypertensive medications were ineffective, as were the placement of endovascular stents.
Use of an artificial graft to replace the length of the abdominal aorta, with multiple anastomoses, was successful in establishing good
renal perfusion and improved BP control. Clinical Significance: The challenges in diagnosing MAS and Takayasu arteritis are
discussed. Reconstructive vascular surgery in pediatrics is challenging but can offer significant benefit.

Key words: Hypertension, pediatric, vascular intervention

Introduction

Pediatric hypertension (blood pressure [BP] >95% centile for age,
gender, and height) affects ~4% of children globally. Although
traditionally most commonly secondary to an underlying
cause, particularly renovascular disease, renal parenchymal
disease (i.e., dysplasia/scarring), and more rarely monogenic
causes, increasingly primary hypertension is diagnosed and
is the dominant pathology in adolescents.!’ Rising rates of
overweight/obesity in children are a contributory cause;
weight management is the initial strategy in many hypertensive
patients. Further investigation in overweight adolescents has a
low diagnostic yield but refractory hypertension often requires
exclusion of underlying pathology. The American guidelines
currently suggest no further investigation if overweight/obese,
aged >6 years, normal examination, and a positive family history.

Case Report

A 15-year-old female was referred to the nephrology clinic with
asymptomatic hypertension. An assessment before commencing
the combined oral contraceptive pill recorded her BP as
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164/92 mmHg, >99" centile, prompting referral. There was no
prior medical history of note, and she reported no symptoms. Her
mother was diagnosed with primary hypertension aged 26 years
with no cause identified. Clinical examination was unremarkable
other than overweight body habitus. Her weight was 69 kg
(>95™ centile), height was 157.9 cm (25 centile), giving a body
mass index of 27.7 kg/m?. She started amlodipine 10 mg once
daily. Renal function, inflammatory markers, renin/aldosterone,
urinary catecholamines, and urinary steroid profile were
normal at presentation. Echocardiogram (ECG) demonstrated
normal function with mild left ventricular hypertrophy. ECG
demonstrated normal sinus rhythm with mild left ventricular
hypertrophy by voltage criteria.

Ultrasound identified two normal kidneys, but Doppler
flows were poorly visualized. Her BP remained unchanged
despite amlodipine. Given the uncertain renal perfusion, a
magnetic resonance angiogram was performed [Figure 1]. This
demonstrated significant narrowing of the aortic lumen with
associated thickening of the aortic wall from the level of T12 to
L2. This raised congenital, that is, a mid-aortic syndrome (MAS),
and inflammatory conditions such as Takayasu’s arteritis (TAK)
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as key differential diagnoses. After multicenter multispecialist
consultation, Takayasu arteritis was felt the most likely pathology.

A trial of the anti-tumor necrosis factor-o. (TNF-0) agent,
adalimumab was commenced. Twenty-four months after
beginning adalimumab, her BP remained >99" centile despite
optimal dose atenolol, amlodipine, doxazosin, and clonidine

and loss of weight to the 91 centile. Repeat imaging [Figure 2]
demonstrated little interval change from her initial scan. Further
specialist center review was performed. A repeat ECG was normal,
with resolution of the previous hypertrophy. An angiogram

Figure 1: Initial magnetic resonance angiogram showing caliber
change of the abdominal aorta from T12 to L2 with associated
“pinching” of arteries arising from this region

Figure 2: Rotational Angiogram, demonstrating calibre changes
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demonstrated typical features of MAS with superior mesenteric
artery stenosis, bilateral renal artery stenosis, and beading. The
aorta and the renal arteries were treated with balloon angioplasty
[Figure 3a and b]. BP control improved sufficiently to allow
the cessation of clonidine, but she continued to require triple
antihypertensive therapy. The very static appearance after 2 years
of therapy was felt to favor a structural rather than inflammatory
course, as there had been neither improvement nor deterioration
over time, as may have been expected in Takayasu arteritis.
Adalimumab was discontinued following the revised diagnosis.
The patient transitioned to adult services and had a further
deterioration in BP control. Further angiography showed severe
restenosis, with stenting or angioplasty not attempted. There was
extensive discussion with the patient and family of the short and
long-term risks and benefits of the treatment options for severe
restenoses of multiple abdominal aortic branches, relatively
shortly following successful angioplasty. She then underwent
major vascular surgery with an insertion of an artificial aortic
graft and anastomosis of all major abdominal arteries to this graft
[Figure 4]. Three months post-procedure, all antihypertensive
medication was discontinued, and her BP was within normal
limits. She subsequently developed occlusion of the right renal
anastomosis, with loss of perfusion to the right kidney [Figure 4]
illustrating a long-term hazard of this approach. Flow is well
maintained to the left, and renal function remains normal.

Discussion

Identification of a significant mid-aortic stenosis in an
asymptomatic adolescent suggests two likely differential
diagnoses. The stenosis may have been present from birth, as a
structural anomaly, or may be a manifestation of an inflammatory
process of more recent onset.

MAS

MAS is very rare, accounting for <2% of cases of aortic stenosis
in children.” The hypertension is often severe. Elevated BP

Figure 3: a - Angiography images of abdominal aorta and renal
arteries before balloon angioplasty, demonstrating markedly stenotic
origin of the renal arteries bilaterally. A markedly enlarged inferior
mesenteric artery can be seen leaving the aorta below the narrowed
segment. b — Post-balloon angioplasty with improved vessel caliber
at the aortic origin and much improved aortic diameter

Hypertension Journal e Vol.7:2 e Apr-Jun 2021
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Figure 4: Angiogram demonstrating complete absence of flow
through the native aorta, but widely patent graft and well-perfused
left kidney

Table 1: Diagnostic criteria for Takayasu arteritis!”!

Criterion Definition

Age at disease onset
<40 years

Development of symptoms or findings related to
Takayasu arteritis at age <40 years

Claudication of
extremities

Development and worsening of fatigue and
discomfort in muscles of one or more extremity
while in use, especially the upper extremities

Decreased brachial
artery pulse

Decreased pulsation of one or both brachial
arteries

Blood pressure Difference of >10 mmHg in systolic blood
difference >10 mmHg pressure between arms

Bruit over subclavian Bruit audible on auscultation over one or both

arteries or aorta subclavian arteries or abdominal aorta

Arteriogram
abnormality

Arteriographic narrowing or occlusion of
the entire aorta, its primary branches, or
large arteries in the proximal upper or lower
extremities, not caused by arteriosclerosis,
fibromuscular dysplasia, or similar causes;
changes usually focal or segmental

may be detected incidentally, or children may present with
symptoms of claudication, signs of heart failure, or most severely,
with hypertensive encephalopathy or retinopathy. Examination
findings may include absent femoral pulses, abdominal bruits,
and significant BP differences between upper and lower limbs.
Most cases appear to be sporadic, though there are associated
genetic conditions including neurofibromatosis, Alagille’s
syndrome, and William’s syndrome. Antenatal infection
(especially Rubella) has also been associated with MAS.
Management of MAS focuses on controlling BP to prevent
long-term hypertensive complications and end-organ damage.
Medical management may be challenging, requires multiple
antihypertensives, and often fails if there is a significant renal
artery involvement. Surgical treatment is frequently required.™”

Hypertension Journal e Vol.7:2 e Apr-Jun 2021
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Less invasive endovascular procedures include angioplasty with
stenting, with variable success rates. More invasive techniques
include aorto-aortic bypass grafting, patch angioplasty,
renal auto-transplantation, and vascular grafting.* Surgical
management is additionally complicated in younger children
who have not completed growth, and repeat interventions may

be needed.?!

TAK

TAK is a rare idiopathic large-vessel vasculitis of the aorta and
proximal branches, 80-90% of patients are female, and more
common in Asian ethnicity.’"! The initial “pre-pulseless” phase
has non-specific constitutional symptoms such as fever, weight
loss, night sweats, fatigue, and arthralgia — diagnosis is challenging
and often missed. TAK is a chronic disease, with a relapsing-
remitting course characterized by granulomatous inflammation
of the arterial walls, and later permanent arterial damage resulting
in occlusion, stenosis, dilatation, or aneurysm formation.
Active disease may present with acute stroke, aneurysmal
events, claudication, or incidentally identified hypertension.
Inflammatory markers are typically normal outside of an acute
exacerbation.’ Vascular biopsy is rarely practical, given the
vessels involved. The American College of Rheumatology has
produced diagnostic criteria [Table 1], requiring >3 features to
make the diagnosis, though these have limited clinical utility.”!
Diagnosis is often delayed, when significant arterial damage has
already occurred.

If the diagnosis of TAK is made during acute disease,
immunosuppression using glucocorticoids and steroid-sparing
agents is recommended. Some patients with resistant or severe
cases may benefit from anti-TNF agents and other biologic
agents.l” Vascular surgical interventions should be considered
where arterial damage is remediable, but deferred until an acute
phase has settled.

Both TAK and MAS are very rare diseases. This limits
the opportunity to establish an evidence based for the
treatment, with a necessary reliance on reports and case
series. MAS is more typically in younger children, TAK in
those aged 10-40 years, but there is overlap. Distinction is
important, particularly given the chronic relapsing nature
of TAK and potential for multiple vessel involvement.
In this case, both diagnoses were plausible, but MAS
felt more likely given the stable nature of lesions over
prolonged follow-up

Summary

Distinguishing between MAS and TAK is challenging. Diagnosis
in this case was aided by an unsuccessful trial on disease-
modifying therapy, serial imaging, and regular multidisciplinary
discussion involving multiple specialist centers. Surgical
intervention allowed discontinuation of antihypertensive
medications.
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Abstract

Case Description: A 55-year-old woman presents unwell to her local emergency department. She is diagnosed with a hypertensive
emergency with end-organ damage. This requires admission to critical care with parenteral blood pressure (BP) control and
hemofiltration for an acute kidney injury. After stabilization, she is transferred to the regional nephrology service for ongoing
care with a persisting need for hemodialysis and oral BP control. Her background is notable for resistant and difficult to manage
hypertension, having underwent multiple investigations in the outpatient setting across the past decade. Follow-up has not been
consistent over the last few years which may have contributed to this presentation. Conclusion and Clinical Significance: National
Institute for Health and Care Excellence recommends that those with a hypertensive emergency are reviewed in a hospital setting
for controlled BP reduction and monitoring. Such emergencies are associated with reduced S-year survival. Furthermore, a small
but significant proportion of patients require acute hemodialysis and many never regain kidney function. Self-monitoring of BP has
demonstrated improved outcomes — this was not part of her management.

Key words: Acute kidney injury, blood pressure, hypertension

Introduction Her past medical history was notable for hypertension

(diagnosed circa 2004); peripheral vascular disease -

In this article, we submit the case of an adult woman who presents o . . . .
necessitating multiple angioplasties; obstructive sleep apnea —

with Stage I1l acute kidney injury secondary to a hypertensive requiring overnight continuous positive airway pressure; chronic

emergency requiring hemodialysis. She was initially managed
within a critical care environment, before transferring to a
tertiary renal center. We trace her medical history through to the
present illness, investigated whether there were clues that could
have prevented such a fulminant presentation and discuss the
relationship between hypertension and kidney disease.

Case Report

A 55-year-old woman presented to the emergency department
at a district general hospital feeling generally unwell, reporting
3 days of nausea, vomiting, and dizziness.

Address for correspondence:

obstructive pulmonary disease; and epilepsy. Her drug history is
outlined in Table 1.

Her family history included type 2 diabetes mellitus. She
lived with her husband and adult son. She is an ex-smoker of
20 cigarettes/day (stopped in 2016).

In the emergency department, she was alert but noted
to be confused. Non-invasive blood pressure (BP) was
270/120 mmHg. An electrocardiogram demonstrated a sinus
tachycardia (rate 108 beats/min) with a pattern consistent with
the left ventricular hypertrophy. Peripheral oxygen saturations
were 96% (inspired oxygen concentration 28%) with bibasal
crepitations on auscultation. A chest radiograph displayed
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Table 1: Admission medication*

Under pressure

Table 2: Admission blood results

Drug name Dose Administration times Variable On admission Reference range, adult
Amlodipine 10 mg Once/day Hemoglobin (g/L) 114 120-150
Atenolol 100 mg Once/day White blood cells (x10°/L) 16.3 4.0-10.0
Bendroflumethiazide 2.5 mg Once/day Platelets (x10°/L) 107 150-410
Irbesartan 300 mg Once/day MCYV (fl) 84.1 83.0-101.0
Spironolactone 12.5mg Once/day Neutrophils (x10°/L) 14.4 2.0-7.0
Methocarbamol 750 mg Three times/day Lymphocytes (x10°/L) 0.9 1.0-3.0
Tolterodine 2 mg Twice/day Monocytes (x10°/L) 1.0 0.2-1.0
Aspirin 75 mg Once/day Eosinophils (x10°/L) 0.0 0.02-0.51
Atorvastatin 80 mg Once/day Basophils (x10°/L) 0.1 0.02-0.1
Salbutamol inhaler Two puffs of As required HbAlc (mmol/mol) 45 20-41
metered dosing PT (s) 16.0 12.8-15.2
Symbicort turbohaler One spray Twice/day APTT (s) 318 27.5.33.7
(400/12 mg)
C fibri /L 6.1 2.35-4.2
Omeprazole 20 mg Once/day rinogen (g/L)
Potassi 1/L H lyzed 3.5-5.3
Epilim Chrono MR 500 mg Twice/day otassium (mmol/L) emotyze
*N.B. Doxazosin 1 mg was prescribed 1 day before admission Sodium (mmol/L) 131 133-146
Chloride (mmol/L) 88 95-108
patchy bilateral upper zone pulmonary venous congestion and Urea (mmol/L) 56.9 2.5-7.8
patchy consolidation. Computed tomography (CT) of the i catinine (umol/L) 1041 40-130
head was negative for pathology as was a CT urinary tract (non- .
3 X eGFR (ml/min/1.73 m?) 3 >59
contrast), with normal unenhanced appearances of the kidneys
and no hydronephrosis. There were bilateral pleural effusions Bilirubin (pmol/L) 12 0-21
noted within the thorax. Alkaline phosphatase (U/L) 42 30-130
Her admission blood work is listed in Table 2. H+ Alanine transaminase (TU/L) 18 0-55
concentration was 44 nmol/L, with serum bicarbonate Aspartate t ) (/L) 2% 045
r ransamin: —
20 mmol/L, lactate 1.5 mmol/L, and a K+ 5.0 mmol/L spartale transaminase
from a venous blood gas. Her biochemistry demonstrated a Total protein (g/L) 57 60-80
Stage III acute kidney injury (serum creatinine 1041 {imol/L; Albumin (g/L) 28 35-50
baseline creatinine 94 imol/L 4 years prior) with anemia and Lactate dehydrogenase (U/L) 308 80-240
thrombocytopenia. Blood films did not demonstrate evidence Calcium (mmol/L) 1 ey
alcium (mmo . 2-2.
of hemolysis. This, combined with her BP, was the evidence of
hypertensive emergency with multi-end-organ damage. Corrected calcium (mmol/L) 231 22-26
She was commenced on intravenous labetalol and glyceryl Phosphate (mmol/L) 2.88 0.88-1.50
trinitrate (the latter was quickly stopped). She was discussed Magnesium (mmol/L) 0.94 0.7-1.0
with on-call nephrology and deemed metabolically and . )
C-reactive protein (mg/L) 94 0-5

physiologically unstable for transfer and taken to intensive care.
A left arterial line and a right internal jugular non-tunneled
vascular catheter were placed and continuous veno-venous
hemofiltration (CVVH) was initiated for fluid overload and
uremia. The intensive care team in conjunction with nephrology
aimed for a systolic BP between 160 and 180 mmHg. There was
persisting oligoanuria (urine output of 0-5 ml/h).

Peripheral blood cultures and SARS-CoV-2 testing were
both negative.

Hemolysis and glomerulonephritis screens, renin and
aldosterone measurements were taken (Table 3 for additional
diagnostic tests) and she remained dependent on CVVH due to
oligoanuria. During her 3" day of admission, she was reviewed
by a visiting nephrologist and accepted for transition of care
when stable. Intravenous labetalol was weaned and oral agents

100

MCYV: Mean cell volume; PT: Prothrombin time; APTT: Partial
thromboplastin time; eGFR: Estimated glomerular filtration rate

were reintroduced on day S of the admission. She recovered a
normal platelet count at this time (nadir of 84 x 10°/L). She was
transferred to nephrology on day 6. Urine protein to creatinine
ratio was 313 mg/mmol.

Transthoracic echocardiogram revealed mild concentric
left ventricular hypertrophy, with a modified apical 4-chamber
biplane ejection fraction of 50%. There was mild right ventricular
hypertrophy and mild mitral regurgitation.

Within the renal department, she remained dependent
on hemodialysis. She was discharged on day 17 on regular
hemodialysis thrice weekly and remains dialysis dependent.
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Table 3: Additional blood investigations

Variable Result Reference range,
adult
NT-pro-BNP (pg/ml) 136,821 0-400
Ferritin (ug/L) 857 15-200
Folate (ug/L) 3.4 3.0-20.0
Vitamin B12 (ng/L) 329 187-883
ASO (IU/ml) 86 <200
Haptoglobin (g/L) 1.20 0.30-2.00
Reticulocytes (x10%/L) 80 50-100
Glomerulonephritis screen
C3 (g/L) 1.17 0.83-1.93
C4 (g/L) 0.21 0.15-0.57
Anti-GBM ab by ELISA <0.8 0.0-7.0
(U/ml)
MPO ab (IU/ml) <0.2 <3.5
PR3 ab (IU/ml) <0.2 <2.0
Serum electrophoresis No paraprotein
detected
1gG (g/L) 10.3 6.0-16
IgM (g/L) 0.26 0.40-2.40
IgA (g/L) 2.36 0.8-4.00
Urine immunofixation No Bence-Jones
protein detected
TSH (mU/L) 1.53 0.35-5.00
Renin (mIU/L) 16.0 0-52
Aldosterone (pmol/L) 275 130-400
HIV antibody/antigen Not detected
HCV antibody Not detected
HBsAg Not detected

NT-pro-BNP: N-terminal pro B-type natriuretic peptide;

ASO: Antistreptolysin O; C3: Complement 3; C4: Complement 4;
anti-GBM ab: Antiglomerular basement membrane antibody; MPO

ab: Myeloperoxidase antibody; PR3 ab: Proteinase 3 antibody;

TSH: Thyroid-stimulating hormone; HIV: Human immunodeficiency virus;
HCV: Hepatitis C virus; HBsAg: Hepatitis B virus surface antigen

Her BP on discharge was 120-140/60-70 mmHg on atenolol
monotherapy.

Diagnostic clues

Two days before admission, she presented to a high street
optician due to subjective reduction in her visual acuity. One
day before admission, she was reviewed by an ophthalmologist.
BP at the time of ophthalmology review was 220/180 mmHg
with evidence of bilateral hypertensive retinopathy, cotton wool
spots, focal retinal arteriolar narrowing, and sub- and intra-retinal
edema, consistent with accelerated systemic hypertension.
Her visual acuity (right and left) was 6/95 (previously 6/6 in
September 2020).
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The assessing ophthalmologist referred her to medical
receiving for admission. However, she was not admitted to
hospital and was advised to attend her general practitioner (GP)
where she was reviewed the next day: BP was 230/180 mmHg,
she described acute symptoms listed above, and she was advised
to attend her local emergency department.

Review of medical records revealed that she had been
extensively investigated and managed for hypertension. In 2006,
she was seen in the cardiology clinic for “resistant hypertension”
on four oral agents. Ambulatory BP monitoring gave readings in
the range of 189/108 mmHg. Investigations including urinary
catecholamines and a dexamethasone suppression test at this
time were normal. She was referred to a specialist hypertension
clinic in 2008 and a magnetic resonance angiogram of her renal
vasculature was arranged. This demonstrated focal moderate
stenosis of the right renal artery. Stenting was considered
impossible due to challenging anatomy. Of note, her adrenal
glands were “normal” on the report.

Discussion

This case highlights several learning points including the
importance of outpatient monitoring of hypertension and
the early recognition and management of hypertensive
emergency. In this case, hypertensive emergency led to
possible permanent end-organ damage and an ongoing need
for hemodialysis.

Definitions

Hypertensive emergency with this patient was not immediately
recognized by the receiving medical team. “Hypertensive
emergency’ is used to describe a BP reading of >180/120 mmHg
in the setting of evidence of end-organ damage. It is thought
to affect around 1-2 people per 100,000 population/year.“]
Untreated, hypertensive emergency has a mortality of around
80% at 2 years, but survival of patients with hypertensive
emergency has improved over the past few decades with
advances in pharmacological management, and is now up to
90% S-year survival in some studies.?’ National Institute for
Health and Care Excellence (NICE) guidelines recommend that
patients with a BP of >180/120 mmHg and with signs of retinal
hemorrhage or papilledema, or “life-threatening symptoms
such as new-onset confusion, chest pain, signs of heart failure,
or acute kidney injury,” are referred for specialist same day
assessment.’”) These recommendations are based on consensus
opinion given the lack of large studies in the area. Due to the
blurring of the right optic disc, this patient met the criteria for
same day assessment and management, but did not receive this,
and further initial investigations for evidence of other end-organ
damage. “Hypertensive urgency” is defined as a BP reading
of >180/120 mmHg in the absence of end-organ damage and
does not usually necessitate hospital admission. This will not be
discussed further here.

101



Groome et al.

Prognosis and renal function

Identification of end-organ damage and need for hemodialysis
was delayed by the deferral to the GP. Renal involvement in
hypertensive emergency is common, is an independent predictor
of poorer outcomes, and is the most common cause of death in
patients with hypertensive emergency.*) One single-center
retrospective analysis of 197 patients admitted to hospital with
hypertensive emergency showed that 63% had an acute kidney
injury on admission, and 6.6% required hemodialysis during
the admission. Of patients requiring hemodialysis, 13% of
recovered sufficient renal function to allow them to come off
hemodialysis.¥! There is insufficient evidence to assess whether
the patient may have avoided the need for hemodialysis or had
earlier recovery of renal function if hypertensive emergency had
been recognized and treated 24 h earlier.

BP monitoring

There was an apparent lack of outpatient BP monitoring in a
patient with resistant hypertension, on multiple antihypertensive
agents, leading up to this emergency presentation. Hypertensive
emergency is more common in patients with an existing
diagnosis of hypertension, in older patients, and in people of
Afro-Caribbean origin.[) The most common precipitating factor
for hypertensive emergency is non-adherence with prescribed
antihypertensive medication.”®) This patient had known
resistant hypertension on multiple antihypertensive agents for
many years, and there was suggestion of variable adherence
with treatment in clinic letters, although she states that she was
adherent with medications. It is difficult to know exactly how
long this patient’s BP had been significantly elevated in the
community. NICE recommends annual review of patients with
known hypertension, but the last recorded BP on the referral
letter was 133/90 mmHg in 2017.8! She had attended in early
2020 for monitoring but further follow-up was interrupted due
to the COVID-19 pandemic. Measures such as self-monitoring
of BP in conjunction with patient education and medication
titration have been shown to improve BP control, and a
multicenter randomized controlled trial showed that BP and
cardiovascular risk are lowered by ingesting antihypertensive
medication at bedtime rather than in the morning.') These
strategies were not employed here.

Conclusion and Clinical Significance

This case highlights important learning opportunities in the
recognition of hypertensive emergencies, the importance of

Under pressure

looking for evidence of end-organ damage, and the role of long-
term monitoring in patients with established hypertension.
Given the lack of clinical evidence, it is difficult to know if more
frequent monitoring or hospital admission 24 h earlier would
have changed the overall outcome, but the evidence of end-
organ damage should be actively sought.
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