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Abstract N\
To audit the young patients referred to the Hypertension Clinic at Groote Schuur Hospital that predominately serves the |
underprivileged communities of Cape Town.

Folders of patients between the ages of 15 and 30 years over a 2 year period were reviewed. The data collected included
demographic, clinical and laboratory data, investigations, causes of hypertension, and presence of hypertensive organ damage.

Of the 110 patients reviewed, 61 (55.5%) were females, 22 (20%) Black African, and 88 (80%) of Mixed Ancestry. Eight (7.3%) were
found to be normotensive, 16 (14.5%) had a secondary cause and 86 (78.2%) had essential hypertension. Thirty five (31.8%) were
current or previous smokers, and 11 (10%) admitted to current or prior use of metamphetamines. A family history of hypertensionin a
first degree relative was present in 80 (72.7%) patients. Comorbidities present were diabetes in 7 (6.4%) patients, metabolic
syndrome in 13 (11.8%), and obesity in 26 (23.6%), but 42.6% had a body mass index (BMI) <25kg/m?. Chronic kidney disease
(CKD) was present in 29 (26.4%) patients and ECG left ventricular hypertrophy in 56 (50.9%). Overall organ damage was present in
72 (65.5%) patients.

In this cohort of young hypertensives most patients had essential hypertension with a strong family history. Significant organ
damage was identified. High risk behavior, including smoking and illicit drug use, and obesity were identified as contributing factors.
Secondary causes were identified in 14.2%. These results suggest a targeted approach to the investigation of young hypertensives
for secondary causes, and significant opportunities for lifestyle intervention.

Abbreviations: ACR = albumin/creatinine ratio, ARB = angiotensin receptor antagonist, BMI = body mass index, BP = blood
pressure, CKD = chronic kidney disease, ECG = electrocardiogram, ENaC = epithelial sodium channel, LVH = left ventricular

hypertrophy, MDRD = Modification in Diet in Renal Disease.
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1. Introduction

The Global Burden of Disease report showed that hypertension is
the “leading risk factor for global mortality” and was the cause of
7% of deaths worldwide in 2010.1"! In the majority there is no
known underlying cause of hypertension, but in young people a

Editor: Manal Kamel Youssef.
The authors received no funding for this studly.
The authors have no confiicts of interests to disclose.

The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Division of Nephrology and Hypertension, and Nephrology and Hypertension
Research Unit, University of Cape Town, Cape Town, South Africa.

’ Correspondence: Brian L. Rayner, E13 Groote Schuur Hospital, Observatory,
Cape Town 7925, South Africa (e-mail: brian.rayner@uct.ac.za).

Copyright © 2020 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

How to cite this article: Jones ES, Esack |, Mangena P, Rayner BL. Hypertension
in adolescents and young adults referred to a tertiary hypertension clinic in Cape
Town, South Africa. Medicine 2020;99:48(e23137).

Received: 8 April 2020 / Received in final form: 25 August 2020 / Accepted: 14
October 2020

http.//dx.doi.org/10.1097/MD.0000000000023137

secondary cause is more likely and more extensive investigation is
required.””! Potential causes are kidney disease, renal artery
stenosis, coarctation of the aorta or endocrine causes, amongst
others.

In South Africa there has been a dramatic rise in the prevalence
of hypertension in young people. According to the 2016 South
African Demographic and Health Study 20% of males aged 15 to
24 compared to 7.7% in the 1998 survey and 33% of males aged
25 to 34 compared to 15% in 1998 had hypertension **!, In
females, 17% of 15 to 24 year olds compared to 4.2% in 1998
and 27% of 25 to 34 year olds compared to 10.6% in 1998 had
hypertension. This has been mirrored in other parts of the
world.>®! Furthermore, the prevalence of hypertension in low
and middle income countries compared to higher income
countries is significantly higher: 15.2% vs 10.7% in males and
10.4% vs 4.3 vs in females, respectively.!”! This high and rising
prevalence of hypertension, particularly from low to middle
income countries, calls for increased attention to the prevention
and management of hypertension in adolescents and young
adults.

There have been numerous studies demonstrating that the risk
factors for hypertension in adolescents are obesity, low birth
weight, family history of hypertension and diabetes, and
sedentary behavior. The South African National Youth Risk
Behavior Surveys conducted in 2002 and 2008 showed that the
rate of obesity increased in adolescents (grade 8-11) from 1.6%
to 3.3% in males and 5.0% to 7.5% in females respectively.'®!
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Childhood and adolescent obesity is one of the strongest
predictors of adult hypertension.”! On the other hand, mean
blood pressure (BP) levels as well as the prevalence of elevated BP
and hypertension among US children and adolescents have
declined during the past decade despite no reduction in body
mass index, and this may be associated with a change in dietary
factors.!?!

There is also a familial influence on high BP with studies
showing an increased prevalence in children with a family history
of hypertension when compared to children from normotensive
families, possibly suggesting an underlying genetic predisposi-
tion.'!!

Investigation of young adults is advocated by all major
guidelines for evidence of secondary causes and organ damage.*!
Predictors of secondary causes for hypertension include young
age (<30 years) with no risk factors, resistant hypertension,
severe hypertension (>180/110 mm Hg), non-dipping status, and
hypertension mediated organ damage.”?! The currently recom-
mended assessment for a young patient with hypertension (“full
workup?”) includes an ECG, echocardiogram, 24-hour ambula-
tory BP monitoring, renal function tests, electrolyte tests,
endocrine tests, CT angiography and renal ultrasound to detect
secondary causes and organ damage."?! However, due to the
dramatic rise in hypertension in adolescents and young adults, it
is questionable as to whether all these tests are necessary in all
cases, and the beneficial impact needs to be balanced against
costs, risk of procedures, patient burden and incidental
diagnosis.””! More research is needed to define the clinical
approach to investigation of adolescents and young adults with
suspected hypertension, especially from poorer socio-economic
communities in developing countries where resources are limited.

2. Methods
2.1. Aim

The aim of the study was to conduct an audit of young
hypertensives referred to our clinic to determine their clinical
characteristics and underlying causes to guide policy in regard to
assessment and investigation of these patients.

2.2. Setting

Groote Schuur Hospital Hypertension Clinic is a regional tertiary
referral hospital located in Cape Town. It provides services for
young hypertensives, patients with resistant hypertension or with
complicated hypertension, mainly for public sector patients,
predominantly from underprivileged communities without
medical insurance. Patients are mainly referred from primary
care clinics serving the uninsured population of Cape Town.
Folders of all patients between the ages of 15 and 30 years over a
2 year period (2014-2016) were reviewed. No patients were
excluded. The data collected included clinical and laboratory
data, investigations, causes of hypertension, and hypertension
mediated organ damage. The study was a retrospective cohort
study describing young patients with hypertension and was
approved by the University of Cape Town Human Research
Ethics Committee (055/2015)

2.3. Assessments

BP was measured using a validated automated device (Dinamap
Carescape Monitor, Woodley Equipment Company Ltd, UK) in
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accordance with South African Hypertension Practice Guide-
line."3! The measurements were taken using the appropriate cuff
size with the patient was seated after 5 minutes rest in a quiet
environment by a specialist hypertension nurse. An average of the
last 3 readings was used and staged according to the South
African Hypertension Practice Guideline.!'*] Hypertension was
defined as a BP >140/90 mm Hg.

All new assessments were performed by Nephrology and
Hypertension specialist in training. This included a comprehen-
sive medical history, examination including fundoscopy and
urine analysis. All cases were reviewed in a joint consultation by
the consultant in charge (BR, EW]) to stage the hypertension,
define hypertensive mediated organ damage and decide on
further investigations for secondary causes. A written compre-
hensive medical report was compiled from which most of the data
was obtained. The data was extracted from the medical records
under the supervision of a nephrology and hypertension specialist
in training (PM).

2.4. Demographic data

Age at first visit, smoking status, drug use, duration of
hypertension, family history of diabetes and hypertension,
presence of diabetes mellitus, number of anti-hypertensives used
and hypertension diagnosis (essential hypertension or a second-
ary cause). Anthropomorphic data, including height, weight and
waist circumference were measured. BMI was calculated: weight
(kg)/height* (m?), and was categorised as underweight: <20;
ideal weight: 20-24; overweight: 25-30; obesity: 30-35; morbid
obesity: >35kg/m>.

2.5. Organ damage

All patients had an electrocardiogram (ECG) performed, and the
presence of left ventricular hypertrophy (LVH) was determined
using Sokolow-Lyon criteria (S in V1 plus R in V5 or V6 >335)
and/or Cornell voltage criteria ((R in avL+S in V3 + 6 in females)
x QRS duration) > 2440 mm/ms)**

Fundoscopy is routinely performed to diagnose retinopathy
and the grade was recorded (grade 1: silver wiring, grade 2: AV
nipping, grade 3: haemorrhages and/or exudates, grade 4:
papilloedema).

Chronic kidney disease (CKD) was staged based on estimated
GFR using the Modification in Diet in Renal Disease (MDRD)
formula not adjusted for ethnicity.!'>! Microalbuminuria was
defined as albumin/creatinine ratio (ACR) of 3-30 mg/mmol and
macroalbuminuria as an ACR > 30 mg/mmol.

Presence of ischaemic heart disease, cerebrovascular accidents
and peripheral arterial disease was also recorded.

2.6. Laboratory data

The following laboratory tests were routinely performed: serum
potassium, creatinine and calculation of the estimated GFR using
MDRD formula, fasting glucose and lipogram, plasma renin
concentration, plasma aldosterone concentration, aldosterone to
renin ratio, urine ACR and genetic analysis for the R536Q
variant of the B-chain of the epithelial sodium channel
(ENaC).["®!. Primary aldosteronism was indicated by an
aldosterone > 500 pmol/L and an aldosterone to renin ratio
>70, and a Liddle phenotype if the R563Q mutation was positive
and/or renin was suppressed and aldosterone <100 pmol/L.
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Further special investigations, such as abdominal/renal ultra-
sound, renal CT angiogram, and endocrine tests (with the
exception of the renin/aldosterone ratio) were only done at the
discretion of the consultant in the clinic when there was a
suspicion of an underlying secondary cause.

The data were captured onto a spreadsheet. Normally
distributed data were summarised using means and standard
deviations, otherwise continuous data were summarised using
medians and interquartile ranges. A #-test was used to compare
normally distributed data. Categorical data were summarised
using frequencies and percentages. Categorical variables were
analysed using the Chi-Squared test, provided there were enough
responses per independent variable category; in cases where there
were not enough responses per category not be met, Fishers exact
test was used. In all tests used, a P value of .05 was considered
statistically significant. All data were analyzed using SPSS version
25 IBM SPSS Statistics for Macintosh, Version 25.0, 2017.

3. Results

One hundred ten patients were identified with a mean age of 23.1
years. (Table 1) Sixty one (55.5%) were female and 49 (44.5%)
were male with 88 (80%) of mixed ancestry and 22 (20%) of
African ethnic origins. The mean duration of hypertension before
referral was 17.5 months. Twenty five percent of the patients
were obese, but 42.6% had a BMI < 25 kg/m?. Thirty eight point
one percentage and 8.1% were current or former smokers, or
abusers of metamphetamine respectively, and 13.1% of females
were using oestrogen containing oral contraceptives. Family
history of a first degree relative with hypertension or diabetes was
present in 74.8% and 33.4% respectively, and 6.4% had
underlying type 2 diabetes. The mean uric acid was 0.32 mmol/L
and 15 (13.6%) patients had a level >0.40 mmol/L. The R563Q
mutation of the ENaC that causes a Liddle like syndrome was

Demographic data of the patients.

Parameter Result
Mean age (years, s.d.) 23.1
Male (%) 49 (44.5%
Female (%) 61 (55.5%)
Hypertension duration (months, s.d.) 17.5
Smoking (%)*
Current 24 (26.1)
Former 11 (12
Never 57 (62)
Metamphetamine abuse (%)
Current 5 (4.5)
Former 4 (3.6)
Never 101 (92
Oral contraceptive use 8 (13.1)
Diabetic 7 (6.4)
BMI (kg/m?, %)*
<25 46 (42.6)
25-30 35 (32.4)
30—-35 13 (12)
>35 14 (13)
Family history of hypertension (%) 80 (72.7)
Family history of diabetes 35 (33.7)
R563Q mutation positive® 6 (6.8%)
Liddle phenotype 17 (15.5)

Legend - * n=92, - n=108, * n=88. BMI = body mass index, s.d. = standard deviation.
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Baseline BP and use of antihypertensive drugs.

Parameter Result
Mean systolic BP in mm Hg (s.d.) 134.1 (15)
Mean diastolic BP in mm Hg (s.d.) 86.5 (13.7)
Mean number of antihypertensives (s.d.) 1.6 (1.2
Class of antihypertensive (n, %)
Thiazide diuretic 57 (51.8)
Loop diuretic 4 (3.6)
B-blocker 16 (14.5)
Calcium channel blocker 41 (56.4)
ACE inhibitor/ARB 43 (39.4)
Aldosterone antagonist 3.7
a-blockers 1(0.9
Number of drugs (n, %)
0 21 (19.1)
1 32 (29.1)
2 33 (31.8)
3 or more 22 (20)

ARB = angiotensin receptor antagonist, s.d. = standard deviation, BP = blood pressure.

present 6.8% of the 88 patients tested, and overall 17 (15.5%)
had a Liddle phenotype based on renin and aldosterone levels
and/or presence of R563Q mutation.

The mean BP at presentation was 134.1/86.5 mm Hg and the
mean number of antihypertensives used was 1.6. (Table 2) The
most commonly used antihypertensive drugs were ACE inhib-
itors/Angiotensin receptor blockers (39.4%), calcium channel
blockers (56.4%) and thiazide diuretics (59.4). Only 19.1% were
untreated and 20% were receiving 3 or more antihypertensives at
baseline. There was no difference in antihypertensive use between
males and females.

Of the 110 patients referred 2 (1.8%) and 6 (5.5 %) were found
to be normotensive (<130/80 mm Hg) or have high normal BP
(130-140/80-90 mm Hg) respectively. Essential hypertension
was present in 74.5% and secondary causes in 16 (14.5%).
(Table 3) The main secondary causes were renal artery stenosis in
7 (due to Takayasus arteritis) and renal parenchymal disease in 7.
Patients with and without secondary causes for their hyperten-
sion were compared. (Table 4) The key differentiating features
were that patients with essential hypertension were more
overweight, had significantly increased waist circumference
(87.9cm vs 77.4cm, P=.011), were more likely to have a family
history of hypertension (74.5% vs 62.5%) and had less evidence
of target organ damage. ECG LVH was present in 45.7% with
essential hypertension vs 81.3% (P=.031) with secondary causes

and evidence of CKD in 19.1% vs 68.8% (P<.0001)
respectively.

Table 3

Causes of hypertension.

Cause N (%)
Hypertension 102 (92.7)
Primary hypertension 82 (74.5)
Renal artery stenosis 7 (6.4)
Renal parenchymal disease 7 (6.4
Primary hyperaldosteronism 1(0.9
Gordon syndrome 1(0.9
Incomplete data 4 (3.6)
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Table 4
Comparison of patients with and without secondary causes for hypertension.
No secondary cause Secondary cause
N (%) N (%) P value
Family History of hypertension 70 (74.5) 10 (62.5) .043
LVH on ECG 43 (45.7) 13 (81.3) .031
CKD 18 (19.1) 11 (68.8) <.0001
Any target organ damage 58 (61.3) 14 (87.5) .05
Mean +SD Mean +SD P value
Weight (kg) 75.0+18.6 65.7+12.7 .064
Waist circumference (cm) 87.9+146 7744127 011
Body Mass Index (kg/m?) 30.7+335 23.4+4.0 403
CKD = chronic kidney disease, LVH = left ventricular hypertrophy, ECG = electrocardiogram.
Four patients (2 with stroke and 2 with peripheral arterial Obesity is generally considered one of the major

disease) had established cardiovascular disease. CKD was present
in 29 (26.4%) patients, defined by eGFR < 60 ml/minutes and/or
increased urine albumin creatinine ratio, and ECG left ventricular
hypertrophy in 56 (50.9%). Grade 1 retinopathy was present in
33 (30%), grade 2 in 8 (7.2%) and grade 4 in 1 (0.9%). Overall,
organ damage was present in 72 (65.5%) patients.

4. Discussion

The findings of this study have important implications for the
investigation and management of hypertension in adolescents
and young adults. Firstly, the majority (78.2%) of referred
patients had essential hypertension, 14.5% had a secondary
cause, 5.5% had borderline or high normal BP, and <2% were
considered truly normotensive. Furthermore, patients with
essential hypertension were more likely to have a family history
of hypertension, more likely to be overweight with increased
waist circumference, and less likely to have hypertensive organ
damage especially CKD. This implies that a targeted approach to
extensive investigation should be considered based on history,
physical examination and basic investigations. Nearly 90% of the
secondary causes were of renal origin, either Takayasus arteritis
or renal parenchymal disease, which could be suggested by
urine dipsticks, impaired kidney function, abnormal renal
ultrasound findings and discrepant pulses/bruits present on
physical examination.

Secondly, contributing factors to the development of hyper-
tension were found in a high percentage of cases. Overweight/
obesity was found in 57.4% of cases, 8.1% were currently or
formerly using metamphetamines, and 8% were taking an
oestrogen containing oral contraceptive. Eight percent had
already established type 2 diabetes. These findings suggest that
educational programmes addressing lifestyle issues in young
people to prevent obesity and hypertension are crucial. Education
regarding the dangers of abuse of metamphetamines that is
widespread in Cape Town, is another important factor, and
routine screening for urinary amphetamines is advised. We have
previously reported the link between amphetamines, malignant
hypertension and CKD."”!

Medical practitioners prescribing oral contraceptives should
also be advised to check their subjects BP after initiation.
Although smoking does not cause hypertension, there was a very
high prevalence of current or past smoking (38.1%) that is certain
to amplify the risk of adverse CV events in the future.

contributing factors to hypertension in young people. However,
in our cohort over 40% patients had a normal weight, suggesting
other environmental or genetic factors are playing a significant
role.

Thirdly, a high percentage of patients had evidence of organ
damage in the form of LVH based on ECG criteria (50.9%),
CKD (26.4%), and overall 65.5%. Currently there are no trials
addressing pharmacological treatment in young people, but
current guidelines recommend pharmacological treatment in the
presence of organ damage to prevent future CV events and
progression of CKD, and thus the majority of our patients require
pharmacological treatment. Recommendations for antihyperten-
sives use in young women of childbearing potential should bear
in mind the teratogenicity of ACE inhibitors and angiotensin
receptor blockers.

Fourthly, this study confirmed the importance of the Liddle
phenotype in our population, which is considered part of
spectrum of low renin essential hypertension. The R563Q
mutation of the ENaC was present in 6.8% of patients and a
further 15.5% had a Liddle phenotype based on renin and
aldosterone levels. This confirms the previous work we published
that showed a prevalence of 5% of the R563Q mutation amongst
adult hypertensives in South Africa and the presence of the Liddle
phenotype in 20% in a study from 4 African countries.['®!81 A
targeted approach to treatment of these patients with amiloride
may improve BP control and long-term outcomes.!*®! Unfortu-
nately, amiloride, a World Health Organisation essential drug, is
not available in South Africa.l'”!

There were several limitations of the study. Firstly, the role of
ECG in determining LVH in young people has not been well
established, and the true prevalence of LVH in this population
may have been overestimated./*”) Furthermore, echocardiogra-
phy is not routinely available in our hospital for assessment of
hypertensive organ damage due to resource constraints. Second-
ly, the study was not prospective, and some data were not
available from the files. Thirdly, we do not have data on the long-
term BP control and outcome of this cohort, but this was not the
objective of the study. Fourthly, highly specialised testing such as
CT renal angiography was only performed when indicated by a
clinical suspicion, rather than based on protocol, and further
secondary cases may have been missed. On the other hand,
aldosterone and renin were performed routinely on all patients to
detect primary aldosteronism, which is a common secondary
cause.?! Fifthly there may have been referral bias in the number
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of patients with Takayasus disease. However, it is the commonest
form of vasculitis in adults in Africa.[*!!

In conclusion, in this cohort of young patients from
predominately underprivileged communities of Cape Town,
most patients had essential hypertension with a strong family
history. A Liddle phenotype like syndrome was seen in 15.5%.
Significant organ damage was identified. High risk behaviour,
including smoking and illicit drug use, was identified, and oral
contraceptive use and obesity were contributing factors.
However, over 40% of patients were non-obese. Secondary
causes were identified in 14.5% with the most common
secondary causes being renovascular and renal parenchymal
disease. These results suggest a targeted approach to the
investigation of young hypertensives for secondary causes,
although this strategy needs to be tested in a prospective study.
There are significant opportunities for lifestyle intervention, and
most require pharmacological intervention.
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