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1.28 billion adults aged 30–79 years 
worldwide have hypertension, most 
(two-thirds) living in low- and middle-
income countries

•46% of adults with hypertension are 
unaware that they have the condition.

•Approximately 1 in 5 adults (21%) with 
hypertension have it under control.
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Worldwide trends in hypertension prevalence and progress 
in treatment and control from 1990 to 2019: a pooled 
analysis of 1201 population-representative studies with 
104 million participants
NCD Risk Factor Collaboration (NCD-RisC)*

Summary
Background Hypertension can be detected at the primary health-care level and low-cost treatments can effectively 
control hypertension. We aimed to measure the prevalence of hypertension and progress in its detection, treatment, 
and control from 1990 to 2019 for 200 countries and territories.

Methods We used data from 1990 to 2019 on people aged 30–79 years from population-representative studies with 
measurement of blood pressure and data on blood pressure treatment. We defined hypertension as having systolic 
blood pressure 140 mm Hg or greater, diastolic blood pressure 90 mm Hg or greater, or taking medication for 
hypertension. We applied a Bayesian hierarchical model to estimate the prevalence of hypertension and the 
proportion of people with hypertension who had a previous diagnosis (detection), who were taking medication for 
hypertension (treatment), and whose hypertension was controlled to below 140/90 mm Hg (control). The model 
allowed for trends over time to be non-linear and to vary by age.

Findings The number of people aged 30–79 years with hypertension doubled from 1990 to 2019, from 331 (95% credible 
interval 306–359) million women and 317 (292–344) million men in 1990 to 626 (584–668) million women and 652 (604–698) 
million men in 2019, despite stable global age-standardised prevalence. In 2019, age-standardised hypertension prevalence 
was lowest in Canada and Peru for both men and women; in Taiwan, South Korea, Japan, and some countries 
in western Europe including Switzerland, Spain, and the UK for women; and in several low-income and middle-income 
countries such as Eritrea, Bangladesh, Ethiopia, and Solomon Islands for men. Hypertension prevalence surpassed 50% for 
women in two countries and men in nine countries, in central and eastern Europe, central Asia, Oceania, and 
Latin America. Globally, 59% (55–62) of women and 49% (46–52) of men with hypertension reported a previous diagnosis 
of hypertension in 2019, and 47% (43–51) of women and 38% (35–41) of men were treated. Control rates among people 
with hypertension in 2019 were 23% (20–27) for women and 18% (16–21) for men. In 2019, treatment and control rates 
were highest in South Korea, Canada, and Iceland (treatment >70%; control >50%), followed by the USA, Costa Rica, 
Germany, Portugal, and Taiwan. Treatment rates were less than 25% for women and less than 20% for men in Nepal, 
Indonesia, and some countries in sub-Saharan Africa and Oceania. Control rates were below 10% for women and men in 
these countries and for men in some countries in north Africa, central and south Asia, and eastern Europe. Treatment and 
control rates have improved in most countries since 1990, but we found little change in most countries in sub-Saharan Africa 
and Oceania. Improvements were largest in high-income countries, central Europe, and some upper-middle-income and 
recently high-income countries including Costa Rica, Taiwan, Kazakhstan, South Africa, Brazil, Chile, Turkey, and Iran.

Interpretation Improvements in the detection, treatment, and control of hypertension have varied substantially 
across countries, with some middle-income countries now outperforming most high-income nations. The 
dual approach of reducing hypertension prevalence through primary prevention and enhancing its treatment and 
control is achievable not only in high-income countries but also in low-income and middle-income settings.
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Introduction
Hypertension, along with pre-hypertension and other 
hazardously high blood pressure, is responsible for 

8·5 million deaths from stroke, ischaemic heart 
disease, other vascular diseases, and renal disease 
worldwide.1,2 Hypertension can be detected in the 
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In 2019, over 1 billion people with hypertension 
(82% of all people with hypertension in the world) lived 
in low-income and middle-income regions (figure 6). 
This number was much larger than the number in 1990 
because prevalence remained unchanged or increased 
and the population grew and became older. In 
sub-Saharan Africa, Oceania, and south Asia, most of 
the increase was in those without a previous diagnosis, 
whereas in east and southeast Asia and Latin America 
and the Caribbean the number of people in this category 
increased slightly until the mid-2000s before flattening. 
Since then, many more of those with hypertension have 
been detected, treated, and controlled (figure 6).

Discussion
Our novel comprehensive analysis of hypertension 
prevalence and care has shown that since 1990 the 
number of people with hypertension worldwide has 
doubled, with most of the increase occurring in low-
income and middle-income regions. In high-income 
countries, prevalence has declined while health systems 
have achieved treatment rates of up to 80% and control 
rates of up to 60%. Middle-income countries in Latin 
America; east and southeast Asia; and central Asia, the 
Middle East, and north Africa have also enhanced the 
detection and treatment of hypertension. Some of these 
countries, such as Costa Rica, now outperform most 
high-income nations in hypertension treatment and 
control. Low detection and treatment rates persist in the 

world’s poorest nations, especially in sub-Saharan Africa, 
Oceania, and south Asia. Together with the increasing 
number of people who have hypertension, these low 
detection and treatment rates will shift an increasing 
share of the burden of vascular and renal conditions to 
these regions.

To our knowledge, no previous study of trends in 
hypertension prevalence, detection, treatment, and 
control covers all countries in the world. Our results are 
consistent with a multi-country study that reported for 
2000 and 2010,15 in terms of higher treatment and 
control in high-income countries than in low-income 
and middle-income countries, but our national results 
show that substantial variability exists at any level 
of economic development, with some upper-middle-
income countries having treatment and control rates as 
good as, or better than, those in some high-income 
countries. The findings of a study16 on 44 low-income 
and middle-income countries were consistent with ours 
in terms of hypertension treatment rates being highest 
in Latin America and lowest in sub-Saharan Africa; 
although, this study did not have data on trends or 
from high-income countries. Our finding on variable 
improvement in rates of hypertension treatment in 
high-income countries is consistent with a previous 
multi-country study.12

The strengths of our study include its scope of 
presenting consistent and comparable global estimates 
of hypertension prevalence, treatment, and control; the 

Figure 6: Trends in the number of people with hypertension who reported a diagnosis, who used treatment, and whose blood pressure was effectively 
controlled, globally and by region, 1990–2019
See the appendix (pp 58–60) for trends in the percentage of people with hypertension who reported a diagnosis, who had treatment, and whose blood pressure was 
effectively controlled, globally and by region.
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Prevalence of hypertension and % of treated/untreated hypertension
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Hypertension is prevalent yet undertreated in New Zealand
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Diagnosing hypertension
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1. ConFrming elevated blood pressure
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Consider an out-of-clinic blood pressure assessment
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2. Perform a CVD risk assessment
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3. Investigate for end organ damage and co-morbidities
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4. Consider secondary causes of hypertension
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 Secondary causes of hypertension include: 

The options for managing hypertension

Lifestyle modiFcations are important for all patients
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When to initiate antihypertensive medicines
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Choosing a suitable antihypertensive
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Beta-blockers are no longer considered a Frst-line antihypertensive unless there is a clinical need

N/.#>;,'*C/$)!#$/!,/))!/g/*.&(/!#.!$/%+*&64!).$'C/!$&)C!*'02#$/%!:&.3!'.3/$!#6.&3-2/$./6)&(/!0/%&*&6/)!#6%!#$/

'?./6!2''$,-!.',/$#./%< !5':/(/$9!;/.#>;,'*C/$)!0#-!;/!2$/?/$$/%!/#$,-!&6!.$/#.0/6.!?'$!2#.&/6.)!:&.3!)'0/!*'>

0'$;&%&.&/)9!)+*3!#)!&)*3#/0&*!3/#$.!%&)/#)/![#)!.3/-!#,)'!3/,2!.'!%/*$/#)/!3/#$.!$#./9!&6*$/#)/!%&#).',&*!7,,&64!.&0/9

%/*$/#)/!*#$%&#*!*'6.$#*.&,&.-!#6%!$/%+*/!0-'*#$%&#,!'Y-4/6!%/0#6%\!'$!#.$&#,!7;$&,,#.&'6![#)!.3/-!3/,2!.'!*'6.$',

3/#$.!$#./\<

Consider patient co-morbidities and characteristics
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Initial use of two low-dose antihypertensives can be a good starting point for
many patients
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Why is hypertension under-treated? 

• Patient factors

• Asymptomatic 

• In denial of the diagnosis (home BP recordings looked ‘OK’) 

• Not keen to start on a longterm medications, self belief of all medications are toxic and they will be 

“addicted” to the antihypertensive medications

• Masked hypertension 

• Still trying lifestyle changes after years of noticing hypertension

• Factors facilitate initiating treatment

• Experienced an adverse event

• Family history of cardiovascular/cerebrovascular disease

• Symptomatic severe hypertension
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Hypertension in adults: the silent killer
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This is a revision of a previously published article. What’s new for this update:
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Hypertension is a continuum requiring regular review
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Hypertension is prevalent yet undertreated in New Zealand
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Diagnosing hypertension
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1. ConFrming elevated blood pressure
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Consider an out-of-clinic blood pressure assessment
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2. Perform a CVD risk assessment
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3. Investigate for end organ damage and co-morbidities
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4. Consider secondary causes of hypertension
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 Secondary causes of hypertension include: 

The options for managing hypertension

Lifestyle modiFcations are important for all patients
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When to initiate antihypertensive medicines
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Choosing a suitable antihypertensive
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ESC 2018 guidelines ACC 2017 guidelines1336  Hypertension  June 2020

advising wider out-of-office BP measurement,2,10 and lower 
BP targets.1,2,8,11,12

Low- and middle-income regions often follow the re-
lease of guidelines from high-income regions closely, as 
their resources and health systems to develop and imple-
ment local guidelines remain challenging. In Africa only 
25% of countries have hypertension guidelines13 and in 
many instances these guidelines are adopted from those 
of high-income regions. However, the adoption of guide-
lines from high-income regions are sometimes impractical 
as low resource settings are confronted with a substantial 
number of obstacles including severe lack of trained health-
care professionals, unreliable electricity in rural clinics, low 
access to basic office BP devices and limited ability to con-
duct basic recommended diagnostic procedures and poor 
access to affordable high-quality medications. In both low 
and high-income regions, the ambiguities of latest guide-
lines are often met with confusion among healthcare pro-
viders, anxiety among patients,14 and they resulted in a call 
for global harmonization.15 Guidelines from high-income 
regions may thus not fit global purpose.16

Guideline Development Process
The 2020 ISH Global Hypertension Practice Guidelines were 
developed by the ISH Hypertension Guidelines Committee 
based on evidence criteria, (1) to be used globally; (2) to be 
fit for application in low and high resource settings by advis-
ing on essential and optimal standards; and (3) to be concise, 
simplified, and easy to use. They were critically reviewed and 
evaluated by numerous external hypertension experts from 
HIC and LMIC with expertize in the optimal management of 
hypertension and management in resource-constraint settings. 
These Guidelines were developed without any support from 
industry or other sources.

Composition of the ISH Hypertension Guidelines 
Committee and Selection of External Reviewers
The ISH Hypertension Guidelines Committee was composed 
of members of the ISH Council; they were included on the 
basis of (1) specific expertize in different areas of hyperten-
sion; (2) previous experience with the generation of hyper-
tension guidelines, as well as (3) representation of different 
regions of the world. A similar strategy was followed con-
cerning the selection of external reviewers with particular 
consideration of representatives from LMICs.

Section 2: Definition of Hypertension
• In accordance with most major guidelines it is rec-

ommended that hypertension be diagnosed when a 
person’s systolic blood pressure (SBP) in the office 
or clinic is ≥140 mm Hg and/or their diastolic blood 

pressure (DBP) is ≥90 mm Hg following repeated 
examination (see below, Section 3). Table 1 provides 
a classification of BP based on office BP measure-
ment, Table 2 provides ambulatory and home BP 
values used to define hypertension; these definitions 
apply to all adults (>18 year old). These BP cate-
gories are designed to align therapeutic approaches 
with BP levels.

• High-normal BP is intended to identify individuals 
who could benefit from lifestyle interventions and who 
would receive pharmacological treatment if compelling 
indications are present (see Section 9).

• Isolated systolic hypertension defined as elevated SBP 
(≥140 mm Hg) and low DBP (<90 mm Hg) is common 
in young and in elderly people. In young individuals, 
including children, adolescents and young adults, iso-
lated systolic hypertension is the most common form of 
essential hypertension. However, it is also particularly 
common in the elderly, in whom it reflects stiffening of 
the large arteries with an increase in pulse pressure (dif-
ference between SBP and DBP).

• Individuals identified with confirmed hypertension 
(grade 1 and grade 2) should receive appropriate phar-
macological treatment.

• Details of home-, office- and ambulatory BP measure-
ment techniques are addressed in Section 3.

Section 3: Blood Pressure Measurement and 
Diagnosis of Hypertension

Hypertension Diagnosis – Office BP Measurement
• The measurement of BP in the office or clinic is 

most commonly the basis for hypertension diagno-
sis and follow-up. Office BP should be measured ac-
cording to recommendations shown in Table 3 and 
Figure 1.1,2,17,18

• Whenever possible, the diagnosis should not be made 
on a single office visit. Usually 2–3 office visits at 
1–4-week intervals (depending on the BP level) are 
required to confirm the diagnosis of hypertension. 
The diagnosis might be made on a single visit, if BP 
is ≥180/110 mm Hg and there is evidence of cardio-
vascular disease (CVD).1,2,17,18

• The recommended patient management according to 
office BP levels is presented in Table 4.

• If possible and available, the diagnosis of hyperten-
sion should be confirmed by out-of-office BP meas-
urement (see below).1,2,19–21

Table 1. Classification of Hypertension Based on Office Blood Pressure (BP) 
Measurement

Category Systolic (mm Hg)  Diastolic (mm Hg)

Normal BP <130 and <85

High-normal BP 130–139 and/or 85–89

Grade 1 hypertension 140–159 and/or 90–99

Grade 2 hypertension ≥160 and/or ≥100

Table 2. Criteria for Hypertension Based on Office-, Ambulatory (ABPM)-, and 
Home Blood Pressure (HBPM) Measurement

SBP/DBP, mm Hg

Office BP ≥140 and/or ≥90

ABPM

 24-h average ≥130 and/or ≥80

 Day time (or awake) average ≥135 and/or ≥85

 Night time (or asleep) average ≥120 and/or ≥70

HBPM ≥135 and/or ≥85
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factors have hypertension. For example, 71% of US adults 
with diagnosed DM have hypertension.S2.4-4 In the Chronic 
Renal Insufficiency Cohort (CRIC), 86% of the participants 
had hypertension.S2.4-5 Also, 28.1% of adults with hyperten-
sion and CKD in the population-based REGARDS (Reasons 
for Geographic and Racial Differences in Stroke) study had 
apparent resistant hypertension.S2.4-6 In NHANES 1999–2010, 
35.7% of obese individuals had hypertension.S2.4-7 The presence 
of multiple CVD risk factors in individuals with hypertension 
results in high absolute risks for CHD and stroke in this popula-
tion. For example, among US adults with hypertension between 
2009 and 2012, 41.7% had a 10-year CHD risk >20%, 40.9% 
had a risk of 10% to 20%, and only 18.4% had a risk <10%.S2.4-3

Modifiable risk factors for CVD that are common 
among adults with hypertension include cigarette smok-
ing/tobacco smoke exposure, DM, dyslipidemia (includ-
ing high levels of low-density lipoprotein cholesterol or 
hypercholesterolemia, high levels of triglycerides, and low 
levels of high-density lipoprotein cholesterol), overweight/
obesity, physical inactivity/low fitness level, and unhealthy 
diet.S2.4-8 The relationship between hypertension and other 
modifiable risk factors is complex and interdependent, with 
several sharing mechanisms of action and pathophysiol-
ogy. CVD risk factors affect BP through over activation of 
the renin-angiotensin-aldosterone system, activation of the 
sympathetic nervous system, inhibition of the cardiac natri-
uretic peptide system, endothelial dysfunction, and other 
mechanisms.S2.4-9–S2.4-11 Treating some of the other modifi-
able risk factors may reduce BP through modification of 
shared pathology, and CVD risk may be reduced by treating 
global risk factor burden.

Recommendation-Specific Supportive Text
1. Observational studies have demonstrated that CVD risk 

factors frequently occur in combination, with ≥3 risk 
factors present in 17% of patients.S2.4-1 A meta-analysis 
from 18 cohort studies involving 257 384 patients identi-
fied a lifetime risk of CVD death, nonfatal MI, and fatal 
or nonfatal stroke that was substantially higher in adults 
with ≥2 CVD risk factors than in those with only 1 risk 
factor.S2.4-1,S2.4-2

3. Classification of BP
3.1. Definition of High BP

Recommendation for Definition of High BP

References that support the recommendation are 
summarized in Online Data Supplement 2.

COR LOE Recommendation

I B-NR
1. BP should be categorized as normal, 

elevated, or stage 1 or 2 hypertension to 
prevent and treat high BP (Table 6).S3.1-1–S3.1-20

Synopsis
Although a continuous association exists between higher 
BP and increased CVD risk (see Section 2.1), it is useful to 
categorize BP levels for clinical and public health decision 
making. In the present document, BP is categorized into 4 

levels on the basis of average BP measured in a healthcare 
setting (office pressures): normal, elevated, and stage 1 or 2 
hypertension (Table 6). Online Data Supplement C illustrates 
schematically the SBP and DBP categories defining normal 
BP, elevated BP, and stages 1 and 2 hypertension. This cat-
egorization differs from that previously recommended in 
the JNC 7 report, with stage 1 hypertension now defined as 
an SBP of 130–139 or a DBP of 80–89 mm Hg, and with 
stage 2 hypertension in the present document corresponding 
to stages 1 and 2 in the JNC 7 report.S3.1-21 The rationale for 
this categorization is based on observational data related to the 
association between SBP/DBP and CVD risk, RCTs of life-
style modification to lower BP, and RCTs of treatment with 
antihypertensive medication to prevent CVD. The increased 
risk of CVD among adults with stage 2 hypertension is well 
established. An increasing number of individual studies and 
meta-analyses of observational data have reported a gradient 
of progressively higher CVD risk going from normal BP to 
elevated BP and stage 1 hypertension.S3.1-4–S3.1-10,S3.1-12,S3.1-13,S3.1-16 
In many of these meta-analyses, the hazard ratios for CHD 
and stroke were between 1.1 and 1.5 for the comparison of 
SBP/DBP of 120–129/80–84 mm Hg versus <120/80 mm Hg 
and between 1.5 and 2.0 for the comparison of SBP/DBP of 
130–139/85–89 mm Hg versus <120/80 mm Hg. This risk 
gradient was consistent across subgroups defined by sex and 
race/ethnicity. The relative increase in CVD risk associated 
with higher BP was attenuated but still present among older 
adults.S3.1-1 The prevalence of severe hypertension has been 
declining over time, but approximately 12.3% of US adults 
with hypertension have an average SBP ≥160 mm Hg or aver-
age DBP ≥100 mm Hg.S3.1-22 Lifestyle modification and phar-
macological antihypertensive treatment recommendations for 
individuals with elevated BP and stages 1 and 2 hypertension 
are provided in Sections 6 and 8, respectively. The relation-
ship of this classification schema with measurements obtained 
by ambulatory BP recording and home BP measurements is 
discussed in Section 4.2.

Recommendation-Specific Supportive Text
1. As was the case in previous BP classification systems, 

the choice and the naming of the categories were based 
on a pragmatic interpretation of BP-related CVD risk and 
benefit of BP reduction in clinical trials. Meta-analyses 
of observational studies have demonstrated that elevated 

Table 6. Categories of BP in Adults*

BP Category SBP DBP

Normal <120 mm Hg and <80 mm Hg

Elevated 120–129 mm Hg and <80 mm Hg

Hypertension

    Stage 1 130–139 mm Hg or 80–89 mm Hg

    Stage 2 ≥140 mm Hg or ≥90 mm Hg

*Individuals with SBP and DBP in 2 categories should be designated to the 
higher BP category.

BP indicates blood pressure (based on an average of ≥2 careful readings 
obtained on ≥2 occasions, as detailed in Section 4); DBP, diastolic blood 
pressure; and SBP, systolic blood pressure.
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This is a revision of a previously published article. What’s new for this update:
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Hypertension is a continuum requiring regular review
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Hypertension is prevalent yet undertreated in New Zealand
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Diagnosing hypertension
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1. ConFrming elevated blood pressure
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Consider an out-of-clinic blood pressure assessment
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2. Perform a CVD risk assessment
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3. Investigate for end organ damage and co-morbidities
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4. Consider secondary causes of hypertension
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 Secondary causes of hypertension include: 

The options for managing hypertension

Lifestyle modiFcations are important for all patients
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When to initiate antihypertensive medicines
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Choosing a suitable antihypertensive
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Initial use of two low-dose antihypertensives can be a good starting point for
many patients
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Insert title of presentation here

Pharmacotherapy – Blockers of renin-angiotensin system
ACE inhibitors and ARB 

• ARBs are associated with lower treatment discontinuation rates for adverse events than all other 

classes of antihypertensive therapies

• ACEI and ARB should not be combined for treatment of hypertension as there is no added benefits and 

added renal adverse events

• Both ACEI and ARB 

• reduce albuminuria and are effective in delaying diabetic and non-diabetic CKDs. 

• appear to be effective in preventing or regressing hypertension mediated organ damage such as 

LVH and small artery remodelling
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Pharmacotherapy- ACEI/ARB DO NOT cause lung cancer 

Sipahi I, Debanne SM, Rowland DY, Simon DI, Fang JC, Angiotensin-receptor blockade and risk of cancer: meta-
analysis of randomised controlled trials. Lancet Oncology 2010; 11:627–636

• The concern on possible link of lung cancer and  renin angiotensin blockade originally came from the above 

meta-analysis by Sipahi et al. The paper mainly included an ARB, telmisartan (not an ACE inhibitor) and risk of 

lung cancer with a relatively short follow up period of 1.9 – 4.8 years. 

• Only 9 out of 60 trials included in this paper had data on cancer incidence or cancer related deaths, as meeting 

the inclusion criteria of the meta-analysis. 

• Further meta-analyses refuted the results by Sipahi et al. 

• FDA and European Medicines Agency indicated no signal of harm associated with ARB or ACEi. 

Journal of Cancer Research and Clinical Oncology (2021) 147:195–204 
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Pharmacotherapy- Calcium channel blockers

o Inhibit calcium influx into peripheral smooth muscle cells (peripheral vasodilator) and cardiac 

myocytes (negative inotropic effects) as well as sinoatrial and/ or AV nodal cells (bradycardia)

• Dihydropyridine CCB (amlodipine, felodipine) - affects more peripheral vascular smooth muscle 

cells, therefore are primarily vasodilators and no clinical effect on cardiac contractility or 

conduction

• Most randomized trials demonstrated benefits of CCBs on outcomes used dihydropyridines, 

especially amlodipine. 

• Non-dihydropyridine CCB - negative inotropic and chronotropic effect

• Diltiazem (benzothiazepines) – equipotent in cardiac and vascular smooth muscle cells

• Verapamil (phenylalkylamines) – More negative chronotropic effects than diltiazem

• Avoid using in heart failure with reduced ejection fraction 

• Consider if rate control is required
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Pharmacotherapy – Beta-blockers
• Beta blocker should be considered at any step if there is symptomatic angina, post MI, 

heart failure with reduced ejection fraction, or atrial fibrillation requires rate control

• Should be considered as an alternative to ACEI/ARB in young women with hypertension 
planning pregnancy

• When compared with other antihypertensive agents, BBs are equivalent in lowering 
cardiovascular events, but less effective in preventing stroke



Insert title of presentation here

Pharmacotherapy – Other antihypertensive agents

• Alpha-1 blockers

• indicated as a third line agent if there is concurrent benign prostatic hypertrophy

• it is more effective than placebo, but less effective than spironolactone at lowering 

BP in resistant hypertension (PATHWAY-2 study) 

• Centrally active drugs are less frequently used now, mainly due to poorer tolerability
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Pharmacotherapy , when to introduce a second antihypertensive agent

Unger et al  2020 ISH Global Hypertension Practice Guidelines  1343

Table 9. Ideal Characteristics of Drug Treatment

1. Treatments should be evidence-based in relation to morbidity/mortality prevention.

2. Use a once-daily regimen which provides 24-hour blood pressure control.

3. Treatment should be affordable and/or cost-effective relative to other agents.

4. Treatments should be well-tolerated.

5. Evidence of benefits of use of the medication in populations to which it is to be applied.

Figure 3. Office blood pressure targets for treated hypertension.

Figure 4. ISH core drug-treatment strategy. Data from references 69–73. Ideal characteristics of drug treatment (see Table 9).
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Specific groups

• Hypertension with IHD, ACEI/ARB or BB

• Hypertension with HF, ACEI/ARB, BB, mineralocorticoid 

receptor antagonist; diuretics for symptomatic improvement; 

CCB only if poor BP control

• Thoracic aortic aneurysm, BB/ARB
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Target BP of treatment

• < 130/80 to prevent major adverse events / target organ damage

Thoracic aortic disease

• Evidence supports aggressive BP lowering to reduce vascular-related adverse events and all-cause 

mortality in patients with thoracic aortic disease. SPRINT (Systolic Blood Pressure Intervention Trial) 

showed that intensive BP control to a SBP <120 mm Hg, if tolerated, reduced cardiovascular events by 

25% and all-cause mortality rate by 27% in patients without diabetes over a median of 3.3 years, com-

pared with a control with a SBP target of <140 mm Hg. 

Group et al. A randomized trial of intensive versus standard blood-pressure control. N Engl J Med. 

2015;373:2103-2116 

• BB + ARB better than BB alone to slow the growth of thoracic aortic aneurysm. 



Lifestyle changes 

• Salt reduction

• Healthy diet

• Reduction in alcohol consumption 

• Weight reduction 

• Smoking cessation

• Regular aerobic exercise ( at least 30 min moderate intensity, ≥ 5 times weekly)



Lifestyle changes 

e36  Hypertension  June 2018

low-carbohydrate, vegetarian, and Mediterranean diets.S6.2-46–S6.2-49  
Stress reduction is intuitively attractive but insufficiently 
proved,S6.2-51 as are several other interventions, including con-
sumption of garlic,S6.2-52 dark chocolate,S6.2-53,S6.2-54 tea,S6.2-55 or 
coffee.S6.2-56 Behavioral therapies, including guided breathing, 
yoga, transcendental meditation, and biofeedback, lack strong 
evidence for their long-term BP-lowering effect.S6.2-51,S6.2-57–S6.2-61 
The best proven nonpharmacological measures to prevent and 
treat hypertension are summarized in Table 15.S6.2-62

The nonpharmacological interventions presented in 
Table 15 may be sufficient to prevent hypertension and meet 
goal BP in managing patients with stage 1 hypertension, and 
they are an integral part of the management of persons with 
stage 2 hypertension. To a lesser extent, the Mediterranean 
dietS6.2-49,S6.2-63 (which incorporates the basics of healthy eat-
ing but emphasizes consumption of legumes and monoun-
saturated fat, avoidance of red meats, and moderate intake of 
wine) has been effective in reducing BP, as well as improving 
lipid profile.

Recommendation-Specific Supportive Text
1. Weight loss is a core recommendation and should be 

achieved through a combination of reduced calorie intake 
and increased physical activity.S6.2-1 The BP-lowering 

effect of weight loss in patients with elevated BP is con-
sistent with the corresponding effect in patients with 
established hypertension, with an apparent dose–re-
sponse relationship of about 1 mm Hg per kilogram of 
weight loss. Achievement and maintenance of weight 
loss through behavior change are challengingS6.2-64–S6.2-66 
but feasible over prolonged periods of follow-up.S6.2-64 
For those who do not meet their weight loss goals with 
nonpharmacological interventions, pharmacotherapy or 
minimally invasive and bariatric surgical procedures can 
be considered.S6.2-67,S6.2-68 Surgical procedures tend to be 
more effective but are usually reserved for those with 
more severe and intractable obesity because of the fre-
quency of complications.S6.2-69

2. The DASH eating plan is the diet best demonstrated to be 
effective for lowering BP. Because the DASH diet is high 
in fruits, vegetables, and low-fat dairy products, it pro-
vides a means to enhance intake of potassium, calcium, 
magnesium, and fiber. In hypertensive and nonhyperten-
sive adults, the DASH diet has produced overall reduc-
tions in SBP of approximately 11 mm Hg and 3 mm Hg, 
respectively,S6.2-7 and the diet was especially effective 
in blacks.S6.2-70 When combined with weight lossS6.2-6 or 
a reduction in sodium intake,S6.2-5,S6.2-30 the effect size 
was substantially increased. Most of the clinical trial 

Table 15. Best Proven Nonpharmacological Interventions for Prevention and Treatment of Hypertension*

Nonpharmacological 
Intervention Dose

Approximate Impact on SBP

Hypertension Normotension Reference

Weight loss Weight/body fat Best goal is ideal body weight, but aim for at least a 
1-kg reduction in body weight for most adults who 
are overweight. Expect about 1 mm Hg for every 1-kg 
reduction in body weight.

−5 mm Hg −2/3 mm Hg S6.2-1

Healthy diet DASH dietary pattern Consume a diet rich in fruits, vegetables, whole 
grains, and low-fat dairy products, with reduced 
content of saturated and total fat.

−11 mm Hg −3 mm Hg S6.2-6,S6.2-7

Reduced intake of 
dietary sodium

Dietary sodium Optimal goal is <1500 mg/d, but aim for at least a 
1000-mg/d reduction in most adults.

−5/6 mm Hg −2/3 mm Hg S6.2-9,S6.2-10

Enhanced intake of 
dietary potassium

Dietary potassium Aim for 3500–5000 mg/d, preferably by consumption 
of a diet rich in potassium.

−4/5 mm Hg −2 mm Hg S6.2-13

Physical activity Aerobic 90–150 min/wk
65%–75% heart rate reserve

−5/8 mm Hg −2/4 mm Hg S6.2-18,S6.2-22

Dynamic resistance 90–150 min/wk
50%–80% 1 rep maximum
6 exercises, 3 sets/exercise, 10 repetitions/set

−4 mm Hg −2 mm Hg S6.2-18

Isometric resistance  4 × 2 min (hand grip), 1 min rest between exercises, 
30%–40% maximum voluntary contraction, 3 
sessions/wk
8–10 wk

−5 mm Hg −4 mm Hg S6.2-19,S6.2-31

Moderation in 
alcohol intake

Alcohol consumption In individuals who drink alcohol, reduce alcohol† to:
 Men: ≤2 drinks daily
 Women: ≤1 drink daily

−4 mm Hg −3 mm Hg S6.2-22—S6.2-24

Resources: Your Guide to Lowering Your Blood Pressure With DASH—How Do I Make the DASH? Available at: https://www.nhlbi.nih.gov/health/resources/heart/
hbp-dash-how-to. Accessed September 15, 2017.S6.2-72

Top 10 Dash Diet Tips. Available at: http://dashdiet.org/dash_diet_tips.asp. Accessed September 15, 2017.S6.2-73

*Type, dose, and expected impact on BP in adults with a normal BP and with hypertension.
†In the United States, one “standard” drink contains roughly 14 g of pure alcohol, which is typically found in 12 oz of regular beer (usually about 5% alcohol), 5 oz of 

wine (usually about 12% alcohol), and 1.5 oz of distilled spirits (usually about 40% alcohol).S6.2-29

DASH indicates Dietary Approaches to Stop Hypertension; and SBP, systolic blood pressure.
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Best time for administration of antihypertensive medications: Morning 
or evening? 

• TIME randomised trial in more than 21,000 patients with high blood pressure followed for over five years has concluded 

that protection against heart attack, stroke and vascular death is not affected by whether antihypertensive medications 

are taken in the morning or evening.

• Average age 65 years with 5.2 years of median follow up 

HM Salah et al. The Lancet  Oct 2022 Vol 400, 10361, P1383

988 American Journal of Hypertension 33(11) November 2020

Opinion

improve the cardiovascular outcomes but also can substan-
tially improve patient compliance and adherence to medica-
tion regimen.

Bedtime administration of antihypertensive medications 
has been found to be particularly useful in patients with co-
morbid conditions such as chronic kidney disease, diabetes, 
and obstructive sleep apnea.6 Essentially for improving 
antihypertensive medication adherence and cardiovascular 
outcomes, a comprehensive holistic approach is needed. This 
includes steps such as chronotherapy for antihypertensive 
medications along with a team-based collaborative approach 
to improve patient education and compliance. Here, we 
need to mention the results of Barbershop study by Victor 
et al.7 In a cluster-randomized trial, the authors found that 
health promotion by barbers combined with pharmacists-
driven antihypertensive medications management resulted 
in a large reduction in blood pressure in African-American 
patients. Their simple approach emphasized the value of 
health promotion, education, regular follow-up, and blood 
pressure measurement in a setting comfortable and con-
venient to the patient population. This study also showed a 
considerable reduction in both systolic and diastolic blood 
pressures, with cohort retention of 95%, few adverse effects 
and improvement in patient satisfaction.

Lastly, the impact of lifestyle changes on cardiovascular 
outcomes in hypertension management is often not given 
due importance. Simple things like following a low salt, 
plant protein-based diet, decreased animal fat intake, op-
timal sleep hygiene, adequate physical activity, avoiding a 
sedentary lifestyle, smoking cessation, and using relaxa-
tion techniques such as yoga/meditation can help not only 
in improving blood pressure control but improvement in 
patient’s sense of well-being. Importantly, patients feel more 
connected with physicians who are not just concerned about 
their test results/medications but the overall health and 
well-being of patients.
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Figure 1. Normal diurnal variation in blood pressure (BP) and role of chronotherapy in management of hypertension. In majority of healthy popula-
tion, BP is the lowest during nighttime and peaks right after awakening, otherwise known as the “dipper” pattern of diurnal BP variation. This accounts 
for approximately 10 mm Hg of BP variation in dippers. In contrast, “non-dippers” do not exhibit this variation or exhibit it to a lower degree, often 
due to a disruption in the normal sleep–wake cycle or through effects of pathological processes on neuroendocrine pathways. The normal variation is 
controlled by clock genes which further regulate neuroendocrine signaling through the hypothalamus. The physiological processes that coincide with 
sleeping include increased venous return on assuming a supine position leading to greater circulating volume and increased natriuresis. This, along 
with decreased vascular tone leads to a nighttime fall in BP. The time of awakening corresponds to a natural surge in neurohormones including increase 
in catecholamines, glucocorticoids, and maximal activity of the renin–angiotensin–aldosterone (RAAS) pathway. The times of peak activity of common 
antihypertensive agents including diuretics, beta-blockers, calcium channel blockers (CCBs), and angiotensin-converting enzyme inhibitors (ACEIs) or an-
giotensin receptor blockers (ARBs), and their inhibitory effects on various steps of the neurohumeral control of BP are indicated. Taking antihypertensives 
around bedtime would theoretically lead to the timing of maximal activity of antihypertensive agents to correspond with the surge of prohypertensive 
enzymes/hormones. Abbreviations: CHF, congestive heart failure; CKD, chronic kidney disease; DM, diabetes mellitus; HCTZ, hydrochlorothiazide; HPA, 
hypothalamic–pituitary axis; HR, heart rate; OSA, obstructive sleep apnea; TPR, total peripheral resistance.
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When to screen for secondary causes
Table 27 Incidence and typical causes of secondary hypertension according to age

Age group Per cent with underlying cause Typical causes

Young children (<12 years) 70 - 85 • Renal parenchymal disease

• Coarctation of the aorta

• Monogenic disorders

Adolescents (12–18 years) 10–15 • Renal parenchymal disease

• Coarctation of the aorta

• Monogenic disorders

Young adults (19–40 years) 5–10 • Renal parenchymal disease

• Fibromuscular dysplasia (especially in women)

• Undiagnosed monogenic disorders

Middle-aged adults (41–65 years) 5–15 • Primary aldosteronism

• Obstructive sleep apnoea

• Cushing’s syndrome

• Phaeochromocytoma

• Renal parenchymal disease

• Atherosclerotic renovascular disease

Older adults (>65 years) 5–10 • Atherosclerotic renovascular disease

• Renal parenchymal disease

• Thyroid disease

Table 28 Medications and other substances that may increase blood presssure397

Medication/substance

Oral contraceptive pill Especially oestrogen containing; cause hypertension in !5% of women, usually mild but can be severe

Diet pills For example, phenylpropanolamine and sibutramine

Nasal decongestants For example, phenylephrine hydrochloride and naphazoline hydrochloride

Stimulant drugs Amphetamine, cocaine, and ecstasy; these substances usually cause acute rather than chronic

hypertension

Liquorice Chronic excessive liquorice use mimics hyperaldosteronism by stimulating the mineralocorticoid recep-

tor and inhibiting cortisol metabolism

Immunosuppressive medications For example, cyclosporin A (tacrolimus has less effect on BP and rapamycin has almost no effect on BP)

and steroids (e.g. corticosteroids and hydrocortisone)

Antiangiogenic cancer therapies Antiangiogenic drugs such as VEGF inhibitors (e.g. bevacizumab), tyrosine kinase inhibitors (e.g. suniti-

nib), and sorafenib have been reported to increase BP

Other drugs and substances

that may raise BP

Anabolic steroids, erythropoietin, non-steroidal anti-inflammatory drugs, and herbal remedies (e.g. ephe-

dra and ma huang)

BP = blood pressure; VEGF = vascular endothelial growth factor.
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Resistant hypertension
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8.1.2 Pseudo-resistant hypertension

Several possible causes of pseudo-resistant hypertension should be
evaluated and ruled out before concluding that the patient has resist-
ant hypertension:

(1) Poor adherence to prescribed medicines is a frequent cause
of pseudo-resistant hypertension, occurring in <_50% of patients
assessed by therapeutic drug monitoring, and is directly related to
the number of tablets prescribed315 (see section 10).

(2) White-coat phenomenon (in which office BP is elevated but BP
is controlled at ABPM or HBPM) is not uncommon in these
patients, hence the recommendation to confirm office hypertension
with ABPM or HBPM before confirming the diagnosis of resistant
hypertension.

(3) Poor office BP measurement technique, including the use of
cuffs that are too small relative to the arm circumference, can result
in a spurious elevation of BP.

(4) Marked brachial artery calcification, especially in older
patients with heavily calcified arteries.

(5) Clinician inertia, resulting in inadequate doses or irrational com-
binations of BP-lowering drug therapies.

Other causes of resistant hypertension

(1) Lifestyle factors, such as obesity or large gains in weight, excessive
alcohol consumption, and high sodium intake.

(2) Intake of vasopressor or sodium-retaining substances, drugs pre-
scribed for conditions other than hypertension, some herbal

remedies, or recreational drug use (cocaine, anabolic steroids, etc.)
(see Table 24).

(3) Obstructive sleep apnoea (usually, but not invariably, associated
with obesity).

(4) Undetected secondary forms of hypertension (see section 8.2).
(5) Advanced HMOD, particularly CKD or large-artery stiffening.

Resistant hypertension is associated with older age (especially >75
years), male sex, black African origin, higher initial BP at diagnosis of
hypertension, highest BP ever reached during the patient’s lifetime,
frequent outpatient visits, obesity, diabetes, atherosclerotic disease
and HMOD, CKD, and a Framingham 10 year coronary risk score
>20%.383,384

8.1.3 Diagnostic approach to resistant hypertension

Diagnosis of resistant hypertension requires detailed information
about:

(1) The patient’s history, including lifestyle characteristics, alcohol and
dietary sodium intake, interfering drugs or substances, and sleep
history.

(2) The nature and dosing of the antihypertensive treatment.
(3) A physical examination, with a particular focus on determining the

presence of HMOD and signs of secondary hypertension.
(4) Confirmation of treatment resistance by out-of-office BP measure-

ments (i.e. ABPM or HBPM).

Table 24 Resistant hypertension characteristics, secondary causes, and contributing factors (adapted from
reference385)

Characteristics of patients with

resistant hypertension

Causes of secondary resistant

hypertension

Drugs and substances that may

cause raised BP

Demographics

• Older age (especially >75 years)

• Obesity

• More common in black people

• Excess dietary sodium intake

• High baseline BP and chronicity of uncon-

trolled hypertension

More common causes

• Primary hyperaldosteronism

• Atherosclerotic renovascular disease

• Sleep apnoea

• CKD

Prescribed drugs

• Oral contraceptives

• Sympathomimetic agents (e.g. decon-

gestants in proprietary cold

remedies)

• Non-steroidal anti-inflammatory drugs

• Cyclosporin

• Erythropoietin

• Steroids (e.g. prednisolone and

hydrocortisone)

• Some cancer therapies

Concomitant disease

• HMOD: LVH and/or CKD

• Diabetes

• Atherosclerotic vascular disease

• Aortic stiffening and isolated systolic

hypertension

Uncommon causes

• Phaeochromocytoma

• Fibromuscular dysplasia

• Aortic coarctation

• Cushing’s disease

• Hyperparathyroidism

Non-prescription drugs

• Recreational drugs (e.g. cocaine,

amphetamines, and anabolic

steroids)

• Excessive liquorice ingestion

• Herbal remedies (e.g. ephedra and ma

huang)

BP = blood pressure; CKD = chronic kidney disease; HMOD = hypertension-mediated organ damage; LVH = left ventricular hypertrophy.
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• ≤ 40 years without other risk factors for 

hypertension e.g. metabolic syndrome, obesity

• Resistant hypertension (BP ≥ 140/90 when on 3 

or more antihypertensive agents)

• Sudden change in BP control/ hypertensive crisis 

(>200/120) 

Possible secondary causes: 

1. Renal parenchymal disease
2. Primary aldosteronism
3. Renal artery stenosis
4. Phaeochromocytoma
5. Cushings syndrome
6. Coarctation of aorta
7. OSA
8. Thyroid disease



Cases for discussion 

• 65-year-old Indian woman referred for exertional shortness of breath and rest onset chest pain. Normal 

ETT at 6 min 30 sec. Baseline BP 145/90, Peak BP 226/100. On Losartan 25mg daily. 

• 60-year-old European man with BMI of 32kg/m2, asymptomatic perioperative AF while having elective 

prostate biopsy. Baseline BP 148/92 while on sotalol. 

• 82-year-old frail European woman on three antihypetensive medications with resistant 

hypertension,165/90 in clinic room. What needs to be done next? 

• 38-year-old Samoan man with multiple BP readings more than 160/100 at GPs. Not keen to take any 

meds. DNAed all the Cardiology appointments. 



Thank you


