
C u r r e n t  T o p i c s  i n  H y p e r t e n s i o n  

- BP variability vs. average daily BP - 
 

조선의대 

정중화 



Riva Rocci sphygmomanometer 
- Mercury; SBP - 

Gazetta Medical di Torino 1896;47:901-6 and 1001-17. 



HBP invariably lower than OBP 

Am J Med Sci 1940;200:465. 



ABPM ; more than 40 yrs ago 

Circulation 1964;30:882-92. 



Factors affect the BP measurement result 

Hypertension 2011;57:1041-2. 

Aspect Different approaches affecting the BP assessment 

Setting Office, work, ambulatory, home 

Time 
Daytime, nighttime, nocturnal dip, morning, evening, 

morning surge, postprandial 

Observer 
Doctor, nurse, technician, relative, self-measurement, 

automated 

Device Mercury, aneroid, hybrid, oscillometric 

Posture Basal, lying, seated, standing, exercise 

Reading First reading, first day, first visit, several measurements 

Calculation Average, variability, reactivity, maximum 



Definitions 

Lancet 2010;375:938-48. 



HIGH BP MEASURED  
IN THE DOCTOR’S OFFICE 



Stroke mortality linked to BP levels 
: meta-analysis of 61 prospective studies 

Prospective Studies Collaboration. Lancet 2002;360:1903-13. 



Prospective Studies Collaboration. Lancet 2002;360:1903-13. 

IHD mortality linked to BP levels 
: meta-analysis of 61 prospective studies 



Clear benefit with more BP lowering 
Prospective meta-analysis of 15 trials  

Blood Pressure Lowering Treatment Trialists' Collaboration. Lancet 2000;356:1955-1964. 



Major problems associated with  
conventional clinic BP measurement 

Lancet 1983;2:695-8. 



OBP vs. ABP and HBP 

BMJ 2002;325:254-8. 



SBP at one clinic visit versus the next visit 

Stroke 2006;37:2776-83. 



AVERAGE(MEAN) BP 



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. 



WCE is not due to arm cuff inflation per se, but to the  
presence of a physician performing the measurement 

Hypertension 1985;7:597-601. 



ABP is lower than OBP 

J Hypertens 2010;28:e78. 



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. 



Number of HBPM needed to ensure  
a reliable estimate of true BP 

J Hypertens 1998;16:725-31. 

The relationship of HBP with daytime ABP (correlation coefficient r) 

SBP DBP 



Frequency of CV events according to  
OBP and HBP levels 

SHEAF study. JAMA 2004;291:11342. 
2008 AHA/ASH guideline. Hypertension 2008;52:10-29. 



PAMELA study 

Hypertension 2006;47:846-53. 

SBP level of a CV death risk over 11 yrs of 10%  
- 179 mmHg for OBP 
- 163 mmHg for HBP 
- 157 mmHg for ABP(daytime) 



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

Hypertension 2006;47:846-53. 

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



WCH and MH are not prognostic innocent 
; PAMELA study 

Hypertension 2006;47:846-53. 



High BPV and mean BP 

Lancet 2010;375:895-905. 



BLOOD PRESSURE 
VARIABILITY 



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… 



Seasonal BPV 

Clin Nephrol 2010;73:216-20. 



Factors associated with BPV 

• 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. 



BPV by ABPM 
; short-term variability  

NEJM 2006;354:2368-74. 



Dipping pattern and CV outcomes 
; meta-analysis from 4 prospective studies 

J Hum Hypertens 2009;23:645-53. 

Physiologic variation of BP(nocturnal dipping) 



Morning surge and CV events 
; 5645 subjects from 8 populations (ABP) 

Hypertension 2010;55:1040-8. 

HR 1.32 HR 1.30 

Pathologic variation of BP(EMBPS) 



BPV in NT, WCH, MHT and SHT 
; Spanish ABPM registry 

J Hypertens 2010;28:e78. 



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

Circulation 2000;102:1536-41. 

Short-term BPV predict organ damage and CV events. 



Possible mechanisms involved in  
high BPV-induced organ damage 

Curr Opin Cardiol 2006;21:486-91. 

BPV ↑ 

Endothelial 
damage 

RAS 
activation 

Inflammation 
initiation 

Myocardiac 
apoptosis 

Vascular 
remodeling 

Cardiovascular 
remodeling 

Cardiac 
remodeling 

End-
organ 

damage 



BPV by HBPM 
; medium-term variability 

Am J Hypertens 1998;11:1413-7. 

Precision index of 0% 
Under-reporting of 26% 
Over-reporting of 5% 

Precision index of 100% 
Under-reporting of 65% 



Reproducibility 

Am J Hypertens 2002;15:101-4. 



Maximum value of HBP 
; 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. 



BPV in treated and untreated patients 
; Ohasama population 

Hypertens Res 1999;22:261-72. 



BPV by OBPM 
; long-term variability 

Peter Sever. BHS Primary Care Meeting 2011 



Maximum BP assessed by OBP 
; a strong predictor of stroke and coronary events independent of 

mean BP (visit-to-visit variability) 

Lancet 2010;375:895-905. 

WCE was not predictive of stroke or coronary events (data not shown), and was not correlated with visit-
to-visit variability (r=0·01 for visit-to-visit SD, coefficient of variation, and variation  independent  of mean). 



Within-visit SBP variability 
; ASCOT-BPLA 

Lancet 2010;375:895-905. 



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. 



Different antihypertensives might differently affect BPV 

 ; ASCOT-BPLA (visit-to-visit variablity; interindividual) 

Lancet 2010;375:895-905. 



Lancet 2010;375:895-905. 
Hypertens Res 2009;32:488-95. 

Different antihypertensives might differently affect BPV 

 ; ASCOT-BPLA (within-visit variablity) 



Small differences in mean SBP but large in SD 
; ALLHAT 

JAMA 2002;288:2981-97. 



CCB, diuretics and ARB on BPV 
; X-CELLENT study 

Hypertension 2011;58:155-60. 



SBP variability btw antihypertensives 

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



More precise risk prediction 

 Hypertension 2011;57:1041–42. 

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. 



Summary 

• Mean BP is a very powerful risk factor for vascular events, 
but much other epidemiological evidence suggests that 
variability in BP are also important. 

• BPV have important roles in the progression of organ 
damage and in triggering of vascular events. 

• But, recent study results come from post-hoc analysis and 
not from analysis planned at the time of setting up the 
protocols for the studies. 

• There is currently no proof that BPV reduction improves 
cardiovascular risk in human subjects. 

• BPV reduction as an additional goal for antihypertensive 
treatment, along with the reduction in average BP values? 

• Clinician needs to record as many BP values as possible, to 
allow for the determination of all “intra” and “inter” visit BP 
values and their variations. 
 
 



경청해 주셔서 감사합니다. 



BPV and HR 

J Am Soc Hypertens 2011;5:184–92. 



Long-term risk of sustained hypertension 

Hypertension 2009;54:226-32. 



Whatever the time of the day  
when a BP surge occurs…(ABP) 

Stroke 2002;33:1480-6. 



BPV(DBP;ABP) and mortality 
; PAMELA study 

Hypertension 2007;49:1265-70. 

Independent of 24 hour mean BP values  



CCB on within-individual BPV 

Lancet 2010;375:895-905. 



WCE does not predict cardiovascular morbidity and 
mortality in subjects with essential hypertension 

Hypertension 1997;29:1218-24. 



Blood pressure thresholds 

JSH 2009 

JSH hypertension guideline, Hypertension Research 2009;32:11-23. 

Measurement Normal Systolic BP Diastolic BP 

Office or clinic 140 90 

Home < 125/75 135 85 

Ambulatory 130 80 

Measurement Normal Stage 1 Stage 2 Target <80 Target ≥ 80 

Office or clinic < 120/80 ≥ 140/90 ≥ 160/100 < 140/90 < 150/90 

Home ≥ 135/85 ≥ 150/95 < 135/85 < 145/85 

Ambulatory 
(daytime) 

≥ 135/85 ≥ 150/95 < 135/85 < 145/85 

NICE 2011 

ESH hypertension guideline, J Hum Hypertens 2010;24:779-785. 

ESH 2010 

Measurement Normal Systolic BP Diastolic BP 

Office or clinic 140 90 

Home < 130/80 135 85 

Ambulatory 125 80 



BPV and average BP levels 
; from Framingham study 

Circulation 1980;61:1183-7. 


