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Hypertension, Universal Findings  

 

BP, 혈관건강  
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Stephen Hales Measuring 
 Horse‘s Blood Pressure (1733) 



Pulse analysis was practiced in Chinese medicine 
thousands of years ago 



Harvey Cushing used it. 

Korotkoff introduced auscultation 
for diastolic pressure in 1905 





Clinical practice guidelines have traditionally recommended 
manual BP measurement in the office setting as the 
standard method for diagnosing hypertension 



How should clinicians diagnose and 
stage hypertension? 

 When to diagnose hypertension:  

≥2 readings obtained at 3 visits 2-4 wk apart  

Average ≥140mmHg (systolic) or ≥90mmHg (diastolic) 

• Hypertension stages (JNC 7) 
– Normal blood pressure: ≤120/80 mm Hg 

– Prehypertensive: 120/80 to 139/89 mm Hg 

– Stage 1: 140/90 to 159/99 mm Hg 

– Stage 2: ≥160/100 mm Hg 

 

• If >50y, systolic blood pressure >140 mmHg more important 
CVD risk factor than diastolic hypertension 



JNC 8 





Manual BP: relatively inaccurate, over-diagnoses hypertension by 
provoking office-induced increases in BP and correlates poorly with both 
the awake ambulatory BP and target organ damage 



The most recent guidelines recommend 24-h ambulatory BP 
and home BP for diagnosing hypertension 







2기 전단계 고혈압의 특징 

• 정상혈압에 비해 심혈관 예후가 나쁘다 

• 고혈압으로 진행할 가능성이 높다 

• 가면고혈압의 가능성이 있다 

• 특정 상황에서 약물 치료가 필요하다 



활동혈압을 이용한 혈압분류 
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When is ambulatory blood pressure 
monitoring indicated? 

 Possible white coat hypertension 

 Unusual variability of blood pressure 

 Evaluation of nocturnal hypertension 

 Evaluation of drug-resistant hypertension 

 Determining the efficacy of drug treatment over 24h 

 Diagnosis and treatment of hypertension in pregnancy 

 Evaluation of symptomatic hypotension on various 
medications 

 Evaluation of episodic hypertension or autonomic 
dysfunction 

 Possible masked hypertension 





What is white coat hypertension? 

 Elevated blood pressure at the office  

Lower blood pressure at home or with 24-h 
ambulatory blood pressure monitor 

 Prevalence: 10% to 20%  

 Poses elevated risk for overt hypertension and CVD  

Lifestyle modifications and regular follow-up 
recommended 

Pharmacologic treatment not recommended 



백의고혈압 (White-coat HTN) 



What is masked hypertension? 

Normotensive in the office but elevated blood 
pressure out of the office 

Prevalence: 10% to 40% 

Increases sustained hypertension and CV 
death risk 

 Screen for suspected masked hypertension 

Home readings  

Ambulatory blood pressure monitoring 



가면고혈압 (Masked HTN) 



sustained normal blood pressure (SNBP), white-coat hypertension (WCHT), 

masked hypertension (MHT), and sustained hypertension (SHT) 

J Am Coll Cardiol 2005;46:508-515  

진료실 혈압은 정상인데 활동혈압이 높은 가면고혈압의 예후는 지속적 고혈압만큼 

위험도가 높다. 가면고혈압은 치료받기 어렵고 비치료군에서 가면 고혈압은 지속적 

고혈압과 동일하게 위험하다.  
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Important questions that remain unanswered 
in the area of masked hypertension 

1. What ambulatory BP cutpoint should be used in the definition 
of masked hypertension? 

2. How many clinic (and over how many visits) and ambulatory 
readings should be obtained for the diagnosis of masked 
hypertension? 

3. Which ambulatory BP monitoring time frame (daytime, 
nighttime, or 24 hours) should be used in the definition of 
masked hypertension? 

4. Should manual or automated devices be used for clinic BP 
assessment for the diagnosis of masked hypertension? 

5. What diagnostic strategy is most accurate and cost-effective 
for the detection of masked hypertension? 



Important questions that remain unanswered 
in the area of masked hypertension 

6. Should home BP monitoring be used to diagnose masked 
hypertension? 
7. Does treatment of masked hypertension improve clinical 
outcomes? 
8. Do patients with masked (uncontrolled) hypertension taking 
antihypertensive medications have the same prognosis as 
patients with masked hypertension on no antihypertensive 
medications? 
9. Does treatment of these groups have similar benefits in 
reducing end-organ damage and adverse clinical outcomes? 
10. What are the mechanisms that underlie masked hypertension? 



AJH 2005; 18:589–593 



AJH 2005; 18:589–593 



Hypertens Res 2007; 30: 479–488 



Possible characteristics of individuals 
with masked hypertension 

 relatively young age 
 male sex 
 stress or increased physical activity during the daytime 
 smoking or drinking habits. 
 treated hypertensive patients (in whom the prognosis 

is worse than predicted from the clinic pressure)  
 children, in whom it may be a precursor of sustained 

hypertension  



American Journal of Hypertension 29(5) May 2016 











an exaggerated rise by 
absolute numbers, with 
values 210 mm Hg or 
greater for men and 190 
mm Hg or greater for 
women 

Masked hypertension 



1. Greater ambulatory BP variability carried increased risk for both false 
diagnosis of hypertension (OR: 2.09, 95% CI: 1.58–2.76), and missed clinic 
diagnosis of hypertension (OR: 1.86, 95% CI: 1.48–2.33). 

2.  The former was more striking in women, in whom high variability carried 
greater odds for false diagnosis of hypertension (OR: 2.76, 95% CI: 1.96–
3.89). 

3.  Women with high BP variability are more susceptible to hypertension 
misdiagnosis.  

4. It is possible that high BP variability contributes to the increased CV risk 
related to both masked hypertension and white coat hypertension 





Fluctuation: Does Blood Pressure 

Variability (BPV) Matter? 



Reducing BP prevents CV outcomes  
in patients with hypertension 

• There is an undoubted and well-proven benefit in reducing  
mean BP in patients with hypertension to prevent CV events1-3 

 

 

 

 

 

 

• BP goals for patients with hypertension with or without added  
CV risk are well established in the hypertension guidelines1-3 

 

Each 2 mmHg 
rise in SBP2 

Risk of mortality from 
ischemic heart disease  

Risk of mortality  
from stroke   

7% 10% 

1. Mancia G, et al. Eur Heart J. 2007;28:1462-1536. 
2. NICE Hypertension guidelines 2011 http://publications.nice.org.uk/hypertension-cg127. 
3. Chobanian AV, et al. JAMA. 2003;289:2560-2572. 



Recent evidence suggests that  
reducing BPV also prevents vascular outcomes 

• How BP reduction is achieved and sustained is clinically important  

• Reducing BP fluctuation over time as well as mean BP has recently 
been recognized as a potential target for improved management of 
hypertension to prevent vascular outcomes, particularly stroke1,2 
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1. Muntner P et al. Hypertension. 2011;57:160-166. 
2. Rothwell PM. Lancet. 2010;375:938-948. 



What is BPV? 

• BP normally fluctuates during the day and can vary from day to day 
in response to environmental challenges, eg, stress, activity, 
carrying out tasks, etc 1 

 

• Pronounced fluctuations in BP can occur over short- and long-term 
observation periods  

 

• Episodic hypertension is common2  
– In a cohort of patients with previous TIAs, only 12% had stable  

hypertension, but  69% had episodic hypertension (some systolic  
BP readings ≤140 mmHg, and some >140 mmHg) 

 
1. Schillaci G, et al. Hypertension. 2011;58:133-135. 
2. Rothwell PM. Lancet. 2010;375:938-948. 



Measurement of BPV 

1. over a 24-48 hour period with 

ABPM showing hour-to-hour 

variability 

 

2. between clinic visits (visit-to-visit 

variability) in the short and long 

term 

 

3. Home monitoring: interday 

variation 



Within-individual BPV over time varies  
from one patient to another   

Patient 1 with lower BPV Patient 2 with higher BPV 

Weeks 
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Rothwell PM. Lancet. 2010;375:938-948. 



Major determinants of increased BPV 

1. Zhang Y, et al. Hypertension. 2011;58:155-160. 
2. Muntner P, et al. Hypertension. 2011; 57:160-166. ABPM, ambulatory BP monitoring; ACEI, angiotensin-converting  

enzyme inhibitor; BP, blood pressure; BPV, BP variability. 

Patients with hypertension, N = 5771 

Baseline ABPM 
 

• Age 
• Systolic BP 
• Heart rate variability 

NHANES III population survey, N = 9562 

Over 3 visits 
 

• Age 
• Female gender 
• Systolic BP 
• Pulse pressure 
• History of myocardial infarction 
• Use of ACEI 

24-hour ABPM BPV Visit-to-visit BPV  



BPV has been largely dismissed in the past 

Rothwell PM. Lancet. 2010;375:938-948. 

Within-
individual BP 
variability has 
mostly been 
dismissed as 
“background 
noise” 

Visit-to-visit 
BPV has been 
dismissed as 
random and 
an obstacle to 
the reliable 
estimation of 
usual BP 

Clinical 
guidelines 
currently 
recommend 
no treatment 
for episodic 
hypertension 

BP, blood pressure; BPV, BP variability. 



1. It is important because it is not diagnosed by routine 
medical examinations, but carries an adverse 
prognosis, both in terms of increased target organ 
damage and cardiovascular events.  

2. It is a true continuum of sustained hypertension 
rather than an aberrant measurement artifact.  

3. an important role of psychosocial factors as a 
potential mechanism for the development  

4. explained as a conditioned response to anxiety in 
office settings, and highlighted the role that diagnostic 
labeling plays in its development. 

Need to Treat : masked hypertension 



BPV can be monitored in the short term  
and in the long term 

 

• Level of assessment within a treatment group 

– Within-individual variability: multiple readings within each subject available 

– Inter/between-individual variability: single readings for each subject available 

Beat-to-
beat BPV  

Second-to-
second BPV  

Minute-to-
minute BPV  

Hour-to-hour 
BPV  

Day-to-day BPV Visit-to-visit 
BPV 

Computer analysis of BP tracing 24-hour ABPM 
 
 

Less commonly 
through home  
and clinic BP 

measurements 
 

Home BP 
monitoring 

 
Less commonly 

through 24-hour 
ABPM or clinic 
measurements 

Clinic BP 
measurements 

 
Less commonly 

through 24-hour 
ABPM and home 

BP measurements 
 

Short-term monitoring   Longer-term monitoring   



Blood pressure variability: A new target to slow 

the progression of vascular damage 



Increased 24-hour BPV has been associated with 
cardiovascular damage 

• In patients with mild to moderate hypertension, 24-hour BPV  
has been related to the rate and severity of target organ damage 
(TOD)1(108 patients, P <0.05) 

 

• Increased awake systolic BPV over a 24-hour period correlates 
with subclinical TOD 
– Carotid IMT and LV mass index progressively increased across tertiles of 

awake systolic BPV over a 24-hour period  
(180 patients, P for trend 0.001 and 0.003, respectively) 

– Awake systolic BPV was identified as an independent predictor for these 
endpoints2 

1. Parati G, et al. J Hypertens. 1987;5:93-98. 
2. Tatasciore A, et al. Hypertension. 2007;50:325-332. 

BP, blood pressure; BPV, BP variability;  
TOD, target organ damage. 



Day-to-day BPV is an independent  
predictor of CV risk 

• The Ohasama observational study of 2455 Japanese residents   
concluded that day-to-day BPV is an independent predictor of  
CV and stroke mortality after adjustment for mean BP 
– Home BP and heart rate were measured once every morning for 26 days  

– Median follow-up period of 11.9 years 

 

Kikuya M, et al. Hypertension. 2008;52:1045-1050. 

*HR P-value 

Prognostic effect of increase in systolic  
BPV of +1 between-subject SD 

CV mortality 1.27 0.002 

Stroke mortality 1.41 0.0009 

Cardiac mortality 1.13 NS 

*Adjusted for sex, age, obesity, smoking and drinking, history of CV disease, diabetes mellitus, hyperlipidemia and treatment 
with antihypertensive drugs, systolic BP, and heart rate.  





Increased risk of cerebrovascular disease  
with increased BP and BPV 

• In the WHICAP study, cerebral WMH increased across 4 groups in a linear fashion –  
ie, the higher the mean/SD, the higher the WMH 

• Increased mean BP and BPV were associated with increased risk of infarction 
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Brickman AM, et al. Arch Neurol. 2010;67:564-569. 

BP, blood pressure; BPV, BP variability;  
WMH, white matter hyperintensity. 



Visit-to-visit systolic BPV is a predictor for stroke in 
patients with hypertension  

• ASCOT-BPLA trial of 19,257 patients aged 40 to 79 years with 
hypertension and at least 3 other CV risk factors  
– Visit-to-visit systolic BPV on-treatment* was a strong predictor  

of stroke and coronary events, independent of mean systolic BP  
in-clinic or on ABPM 

 

 

Rothwell PM, et al. Lancet .2010;375:895-905. *Atenolol and amlodipine treatment groups.  

Patients in top-decile 
of BPV compared with 

first decile 

Hazard ratio (95% CI) 
 

3.25 (2.32-4.54) 

1 10 

Stroke 

Log hazard ratio 



Visit-to-visit BPV predicts CV mortality  
in patients with type 2 diabetes  

• Cohort study of 2161 patients with type 2 diabetes with follow-up 
period of 5.5 years 

 Hsieh Y-T, et al. Eur J Clin Invest. 2012;42:245-253. 

Prognostic significance 
of systolic BPV 

Prognostic 
significance of 
pulse pressure 

variability 

Hazard ratio (95% CI) 
 

1.048 (1.005-1.092) 

10 1 

All-cause mortality 

Cardiovascular mortality 

Log hazard ratio 

1.139 (1.030-1.258) 







American Journal of Hypertension, 2012 



Hypertension. 2014;63:675-682. 

…..treated subjects with masked hypertension (low office and high home BP; 1.76; 
95% CI [1.23–2.53]; P=0.002) and uncontrolled hypertension (high 
office and home BP; 1.40; 95% CI [1.02–1.94]; P=0.04) had higher CV risk than 
treated controlled patients.  
In conclusion, white-coat hypertension assessed by home measurements is a CV 
risk factor in untreated but not in treated subjects probably because the latter 
receive effective treatment on the basis of their elevated office BP. 
In contrast, masked uncontrolled hypertension is associated with increased 
CV risk in both untreated and treated patients, who are probably undertreated 
because of their low office BP. 



Hypertension. 2014;63:675-682. 



Home and ambulatory BP are not interchangeable but 
probably complementary methods 

Hypertension. 2014;63:675-682. 



1. Out-of-clinic monitoring of BP would apply particularly to 
smokers and those with BP in the prehypertensive range. 

2.  Because masked hypertension might be that of a continuum 
from prehypertension (based on office BP measurement) to 
masked hypertension (based on ambulatory BP) and finally to 
sustained hypertension (based on both office and 
ambulatory BP), prehypertensive patients may progress to 
masked hypertension.  

3. Subsequently, patients who are prehypertensive should be 
screened for masked hypertension and treated.  

Need to Treat : masked hypertension 



 Masked hypertension is associated with an increased risk of 
CV morbidity and mortality compared to sustained 
normotension.  

 The prevalence of masked hypertension ranges from 15 to 
30% with non-elevated clinic BP, who may be at increased risk 
for heart disease and stroke due to masked hypertension.  

 One practical point is that we should continue to follow such 
people rather than dismissing them, and encourage out-of-
clinic monitoring of BP.  

 This would apply particularly to smokers and those with BP in 
the prehypertensive range. 
 

Take Home Message 



 Fundamental issues that need to be addressed include 
standardizing the definition for diagnosis, comparing 
the cost-effectiveness of strategies for screening and 
detection, gaining further insight into the mechanisms 
that underlie masked hypertension, and determining 
the optimal treatment strategy for treating masked 
hypertension.  
 

 Until these issues are addressed, masked hypertension 
will likely remain outside mainstream clinical care, and 
this public health concern will be largely unaddressed 

Take Home Message 





Home BP monitoring 

• 진료실혈압보다 심혈관질환의 발생을 더 정확히 예측함 

• 고혈압의 진단 뿐만 아니라 고혈압의 관리에 중요함 

• 환자의 순응도와 치료의 적극성을 높일 수 있음 

• 표준화된 측정으로 활동혈압측정을 대체할 수 있음 



• 표준적인 방법으로 측정하도록 교육해야 함: 

http://www.koreanhypertension.org/board/list.html?code=notice&num=398 

• 정확성이 검증된 위팔 자동혈압계를 사용함. 

• 특히 처음 고혈압을 진단할 때 환자 교육이 중요함.  

• 측정 시각: 아침: 기상 후 1시간 이내, 소변 본 후, 고혈압약 복용 전 

              저녁: 잠자리 들기 전  

              이외 측정이 필요하다고 판단된 경우 

• 측정 빈도: 측정당 2회 이상  

• 측정 기간 : 처음 진단 할 때는 적어도 1주일 동안, 

               치료 결과 평가 시 적어도 외래방문 직전 5-7일간 

Home BP monitoring 

http://www.koreanhypertension.org/board/list.html?code=notice&num=398

