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- Importance of Blood Pressure Variability - 
 

조선의대 

정중화 



SBP at one clinic visit versus the next visit 

Stroke 2006;37:2776-83. 



Mean BP and usual BP 

     Modeling studies show that at 
least seven to ten measurements 
of blood pressure on different 
clinic visits(and ideally many 
more) are needed for mean 
blood pressure to be an accurate 
estimate of usual blood pressure. 

Lancet 2010;375:895-905. 



Prognostic value of ABP 
; 9 event-based cohort studies 

Hypertension 2000;35:844-51. 
J Hypertens 2008;26:1290-9. 

Hazard ratio per 10 mmHg increase of 24-h SBP was 1.27. 
Hazard ratio per 10 mmHg increase of daytime SBP was 1.17. 

Several studies did not provide effect estimates for DBP. 



Predictive value of estimated mean BP falls with age 
; Prospective Studies Collaboration 

Hypertension 2006;47:846-53. 

Mean BP is a very powerful risk factor for vascular events, but… 



High BPV and mean BP 

Lancet 2010;375:895-905. 



Measures of BP Variability, Instability, and Reativity 

Hypertension 2011;57:1041-2. 

Variability Short term: reading-to-reading (ambulatory monitoring)* 
Medium term: day-to-day (home monitoring)* 
Long term: visit-to-visit (office measurements)* 

Instability Maximum BP: office, home, ambulatory monitoring* 
Morning BP surge: ambulatory monitoring* 

Reactivity Physical tests: isometric or isotonic exercise testing,* 
                   cold pressor test, tec 
Mental tests: arithmetic task, reaction time task, psychologic 
                  and emotional challenges, mental stressor test, etc 

may carry different clinical implications still poorly understood… 



BP changes during daytime 

Untreated 43-year-old male; intra-arterial ambulatory BP 
(the 120 mmHg range for SBP over the daytime) 

Can J Cardiol 2013;29:557-63. 



Regulating factors of BPV 

Curr Hypertens Res 2014;10:125-33. 



Factors associated with BPV 

• Genetic variants 
• Average BP levels 
• Heart rate 
• Temperature 
• Diabetes 
• Smoking 
• Increasing age 
• Presence of vascular diseases (stiffness) 
• Poor compliance with antihypertensives 

 
– Subclinical cerebral ischemia 
– Increased arterial stiffness 
– Impaired baroreceptor 

Circ Res 1971;29:424. 
Cerebrovasc Dis 1997;7:214-19. 

Lancet 2010;375:906-15. 



Mechanisms of BPV 

Diabetes care 2013;36:S312-24. 



Short-term BPV and sympathetic activity 

J Hum Hypertens 2015;29:50-2. 



NLGN1(Neuroligin-1) locus and BPV 
- ASCOT trial - 

Unable to demonstrate association btw this locus and ischemic stroke 

Stroke. 2013;44:2703-9. 



DDV and aortic PWV 

Hypertension 2012;59:1132-8. 



Possible mechanisms involved in  
high BPV-induced organ damage 

Curr Opin Cardiol 2006;21:486-91. 
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SHORT TERM(AMBULATORY) 



BPV(SBP;ABP) and carotid atherosclerosis 
; independent of average BP  

Circulation 2000;102:1536-41. 

Short-term BPV predict organ damage and CV events. 
- A 3 year follow-up study 



Short-term BPV and TOD 

 

J Hypertens 1987;5:93-8. 
J Hypertens 1993;11:1133-7. 



CV mortality and short-term diastolic BPV 

PAMELA study: Hypertension 2007;49:1265-70. 



Night-time BPV and CV events 

Hypertension 2014;64:487-93. 



VVV vs. ambulatory variability 

• Ambulatory BPV 
– Diet, exercise, change in temperature, sleep, mental stress 

 

• VVV 
– Posture during BP measurement, respiratory cycle, salt intake, 

alcohol ingestion, physical activity, amount of rest, seasonal 
temperature 

 

• Variability of BP on ABPM was a weaker predictor of 
vascular events than visit-to-visit variability. 

Am J Hypertens 2013;26:1369-76. 



Within-visit variability and CV outcomes 

NHANES III. J Clin Hypertens (Greenwich) 2012;14:165-71. 



MID TERM(DAY-TO-DAY) 



DDV 
; a novel indicator of TOD beyond average HBP 

Hypertension 2011;57:1087-93. 



BPV and mortality 
; the Ohasama study (HBP) 

Hypertension 2008;52:1045-50. 



Outcome after acute ICH 

Lancet Neurol 2014;13:364-73. 

The benefits of early treatment to reduce systolic blood pressure to 140 mm Hg might be enhanced by 
smooth and sustained control, and particularly by avoiding peaks in systolic blood pressure. 



Combination of mean SBP with DDV 
- cognitive decline - 

Hypertension 2014;63:1333-8. 



LONG TERM(VISIT-TO-VISIT) 



VVV correlates with systemic atherosclerotic change 

J Hypertens 2013;31:1387–95. 



Cognitive function; silent cerebral injury 

Hypertens 2012;30:1556–63. 
Hypertension 2014;63:1163-5. 



Compared with established surrogate markers 

Atherosclerosis 2014;235:230-5. 



Strong predictor of stroke and coronary events  
independent of mean BP 

Lancet 2010;375:895-905. 

The UK-TIA aspirin trial; high-risk population 



Visit-to-visit variability in the general population 
; from NHANES III (OBP) 

Hypertension 2011;57:160-6. 

Visit-to-visit variability for DBP was not associated with mortality. 

Visit-to-visit variability has only a weak relation(r=0.29 to 0.38) with the SD of daytime BP 
on ambulatory monitoring. 



Long-term and very long-term BPV 
- data from Glasgow BP clinic since 1968 -  

Hypertension 2013;62:698-705. 

long-term; 1-5 years/ultra long-term; >5 years 



VVV and CVD (meta-analysis) 

Hypertension 2014;64:965-82. 



A meta-analysis of 77,299 patients 

Hypertension 2013;62:698-705. 

All-cause mortality 

CV mortality 



Weight loss/sodium reduction and VVV 

J Hypertens 2014;32:840–8. 

May not be effective interventions for lowering VVS 



SBP variability btw antihypertensives 

Peter Sever. BHS Primary Care Meeting 2011 
Lancet 2010;375:895-905. 



Different types of BPV and prognostic relevance 

Hypertension 2013;62:682-4. 



VVV in uncomplicated HTN 

Circulation 2012;126:569-78. 

No significant association btw VVV and carotid IMT or CV outcomes. 



More precise risk prediction 

Mean BP 
BP variability 

 
-Direct causality? 

-Reverse causality? 

Physicians are frequently concerned by the possibility that BP fluctuations occurring in 
daily life, which often rise well above the average BP level, might cause additional hemo-

dynamic stress on the heart and vasculature, increasing the risk of organ damage. 



경청해 주셔서 감사합니다. 



VVV 
device, number and timing of measurements 

J Clin Hypertens (Greenwich) 2012;14:744-50. 



 



Index reliability 

J Hypertens 2005;23:505-11. 



 



 



Independent risk factors for macrovascular and 
microvascular complication in type 2 diabetes 

Circulation 2013;128:1325-34. 


