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BP is a highly variable parameter 

 Intra-arterial BP recording in a subject lying supine, at rest  



Time Variability of Arterial BP 

Ref. Mancia G, Parati G, J Hypertens 1990;8(suppl. 7):S1-S13 
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BP Variability (BPV) 

  Rather than representing a “background noise” or a 

phenomenon occurring at random, these variations are 

known to be the  result of complex interactions between 

extrinsic environmental and behavioral factors and 

intrinsic cardiovascular regulatory  mechanisms (neural 

central, neural reflex, and humoral influences) that are 

not yet completely understood.  

Parati G. et al, Nat. Rev. Cardiol. 2013; 10:143 



24h Intra-Arterial BP 

Ref. Mancia G, Parati G 1983 
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Different Prognostic Impact of Nocturnal BP 

Fall and  Short Term BPV 



Within-individual BPV over time varies  

from one patient to another   

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

Patient 1 with lower BPV Patient 2 with higher BPV 
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BP Variability Subtypes 

Short-term BPV (within 24hrs): 

 Very short: beat-to-beat 

 Short: within a 24-h period  

 minute-to-minute, hour-to-hour, and day-to-night 

 Long-term BPV: 

Day-to-day 

 Visit-to-visit 

 Seasonal 



BP Variability: Mechanism 

Short-time Variability: 

 Beat-to-beat 

 Baroreceptors 

 Respiration 

 Sleep 

 Chemoreceptors 

Mechanisms: central and reflex autonomic modulation, 
reduced arterial compliance, humoral effects, 
rheological factors, emotional factors, behavioral 
influences/physical activity, sleep, postural changes. 

 



BP Variability: Mechanism 

Long-term Variability: 

Day-to-day 

Visit-to-visit 

Seasonal: SBP and DBP have been reported to be 
lower during summer and higher during winter.  

Mechanisms: less well studied.  

Behavioral factors, increased arterial stiffness,                           
poor BP control, or inconsistent office readings. 

 



BP Variability:  
Types, Determinants, and Prognostic Significance 

Ref. Parati G et al. Nature Reviews Cardiology. 2013.10:143-155  



Assessment of BPV 

 Indices: SD, CV, day-to-night BP changes, average real 
variability (ARV), variability independent of mean (VIM), 
residual BPV,  trough-to-peak ratio, night-to-day BP difference 

 Smoothness Index: used to assess the amplitude and                                           
distribution over time of BP reduction by treatment.                                             
24-hourly BP changes/SD  

 Setting:  
 Continuous beat-to-beat BP recordings: SD 
 Repeated OBPM: SD, CV, ARV 
 24h ABPM: SD, CV, residual BPV, ARV, VIM, day-to-night,                    

trough-to-peak, night-to-day 
 HBPM: SD, CV, VIM 
 Visit-to-visit: SD, CV 



Assessment of BPV 

 SD: standard deviation of BP 

 CV: SD/mean BP 

 Residual BPV: fast fluctuations that remain after 
exclusion of the slower components of the 24 h 
profile through spectral analysis  

 ARV: (BP2-BP1) + (BP3-BP2) + (BP4-BP3) + etc. /N 

 VIM: SD/mean BPX; the mean BP denominator is 
raised to a certain power, X, that removes any 
correlation with mean BP.  

 Day-to-night BP: Dipping status 

 Night-to-day BP: Morning surge 



Prognostic Significance of Short-term, 24 hr BPV 

Study 
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Design 

 

Cross-sectional 

Cross-sectional 

Cross-sectional 

Longitudinal (rats) 

Longitudinal 

Longitudinal 

Longitudinal 
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Cross-sectional 

Longitudinal 
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Endpoint 

 

TOD score 

TOD score 

Carotid IMT 

Cardiac /renal damage 

LV mass (echo) 

Carotid IMT / CV events 

Dead / dependency (after acute stroke) 

CV mortality 

Stroke 

CV events 

CV mortality 

Carotid IMT,   LVMI 

CV events 

Only DBP for CV events / stroke 



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

Relationship between 24 hr BPV and OD in HT 

Quintiles of Intra-arterial BP 

Quintiles of 24-hr mean SBP 

Mean BPV > group average 
Mean BPV < group average 



Relationship Between Circadian BP Patterns and 
Progression of Early Carotid Atherosclerosis 

Sander D et al. Circulation. 2000;102:1536-1541 

Daytime systolic BPV 
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PAMELA Study;  

CV Fatal Events in Relation with DBP Variability 

CV Events CV Events 

PAMELA study: Hypertension 2007;49:1265-70  



Average real variability (mmHg) 
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Diastolic BP 

Ref. Hansen TW et al, Hypertension 2010; 55: 1049-57 

Prognostic Value of Reading-to-Reading BPV over 24 Hours 
in 8938 Subjects From 11 Population 
10-year risk associated with ARV24 at different levels of BP 



  BPV assessed from 24-hour ambulatory recordings did not contribute much to 
risk stratification over and beyond 24-hour BP. 

Prognostic Value of Reading-to-Reading BPV over 24 Hours 
in 8938 Subjects From 11 Population 
Risk of a Composite CV Event Explained by Cox Regression 

Ref. Hansen TW et al, Hypertension 2010; 55: 1049-57 

P values are for the improvement of the fit across nested models. 
*The basic Cox model included as covariables, sex, age, 24-hour HR, BMI, smoking and drinking, 
serum cholesterol, history of CV disease, DM, and treatment with antihypertensive drugs. 



Prognostic Significance of Day-by-Day BPV 

Studies assessing the prognostic value of home BPV 

Stergiou GS et al. Hypertension Research 2014;37:565–572 
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Ref. Kikuya et al. Hypertension. 2008 

OHASAMA STUDY  
-  Kaplan-Meier Survival Estimates for CV Mortality across Quartiles of Day-by-Day 

BP Variability (HBPM) (n= 2455) 



Prognostic Significance of Visit-to-Visit BPV 
ASCOT-BPLA; Visit-to-visit mean SBP expressed in deciles 

Stroke risk Coronary risk Mean SBP 



Prognostic Significance of Visit-to-Visit BPV 
ASCOT-BPLA; Stroke and coronary risk expressed by decile 
of measure of visit-to-visit SBP variability 

CV of SBP 

SD of SBP 

Atenolol 

Amlodipine 

Stroke Risk Coronary Risk 



Visit-to-visit Variability and Risk of Stroke  
and Coronary Events in UK-TIA & ASCOT-BPLA 

Ref. Rothwell PM et al., Lancet 2010; 375: 895-905 



 In summary, modest associations between visit-to-visit variability of 
BP and CVD and all-cause mortality are present in published studies. 

Prognostic Significance of Visit-to-Visit BPV 
A Systematic Review and Meta-Analysis 

Diaz KM et al. Hypertension. 2014;64:965-982 

Association of the SD of systolic blood pressure with outcomes 



Which Class of Anti-hypertensives to Reduce BPV? 
Within-visit variability of SBP in ASCOT-BPLA 



CCBND=non-dihydropyridine CCB. DD=non-loop diuretic drug. 
BB=β-blocker. AB=α-1 blocker 

Which Class of Anti-hypertensives to Reduce BPV? 
Effects of antihypertensive-drug class on visit-to-visit BPV 
in randomized controlled trials 

 Webb AJS et al. Lancet 2010; 375: 906–15  



Which Class of Anti-hypertensives to Reduce BPV? 
X-CELLENT Study 

Zhang Y et al. Hypertension. 2011;58:155-160 
Chenniappan M. J Assoc Physicians India. 2015;63:47-53 



 BPV; Cause vs. Surrogate marker ? 

 Is a drug-induced reduction in BPV accompanied by 

a reduction in event rate? 

 Do different drug classes have a different effect on 

BPV and on outcome?  

 Is there enough evidence to consider BPV as a new 

target for treatment?  

Perspectives 



Drug Design, Development and Therapy 2016: 10 1573-1580 



Study Population 

Methods 

1 

 Facility: 11 Hospitals / 582 Primary clinics (N=1,396) 

Inclusion Criteria 2 

 Diagnosed with hypertension, and intend to use fimasartan (age ≥20 yrs) 
 Agree to participate in the study and sign the informed consent form 
Maintain a fasting state at each visit 

Exclusion Criteria 3 

 Patients who were treated with fimasartan at baseline 

Shin MS et al. Drug Des Devel Ther 2016;10:1573 



Methods 

BP Measurement 4 

BP Recording 

Analysis 

Baseline 3-Mon Treatment 

Day 1           - - - - - -       7  Day 1           - - - - - -       7  

Shin MS et al. Drug Des Devel Ther 2016;10:1573 



Methods 
BP Measurement 4 

Morning BP 
    - An average of 2 or more BP reading 
    - 2-minute interval 
    - same arm 
    - within 1 hr of waking, after urination, sitting position 
    - before taking medication or eating 
 
 Evening BP 
    - Before going to bed 
    - After resting for 5 mins 
    - Sitting position 

Shin MS et al. Drug Des Devel Ther 2016;10:1573 



Results 

Baseline Characteristics 1 

Shin MS et al. Drug Des Devel Ther 2016;10:1573 



Results 

Change in Blood Pressure 2 

142.39 

88.03 

127.32 

79.37 

c-SBP c-DBP

Baseline 3 Mon

138.8 

83.26 

137.57 

81.35 

127.32 

76.62 

126.33 

75.07 

m-SBP m-DBP e-SBP e-DBP

Baseline 3 Mon

P<0.0001 
P<0.0001 P<0.0001 

P<0.0001 
P<0.0001 P<0.0001 

Clinic BP Home BP 

Shin MS et al. Drug Des Devel Ther 2016;10:1573 



Results 

Change in BP Variability 3 
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Shin MS et al. Drug Des Devel Ther 2016;10:1573 



Results 

Factors Associated with BP Variability 4 

Shin MS et al. Drug Des Devel Ther 2016;10:1573 



Results 

Factors Associated with Changes of BP Variability 
after Fimasartan Treatment 

5 

*These models are adjusted for age, sex, body mass index, 
and change in mean arterial pressure (DBP + [SBP−DBP]/3). 

Shin MS et al. Drug Des Devel Ther 2016;10:1573 



Medicine 2016;95:e3764 



Conclusions 

 This study evaluated whether fimasartan treatment affected 
clinic and home BP variability in addition to reducing BP.  
 

 Three months of fimasartan treatment reduced day-to-day BP 
variability independent of BP reduction in patients with mild-to-
moderate hypertension.  
 

 The results suggest that fimasartan attenuates BP fluctuations 
and provides better control of hypertension, which may provide 
an additional benefit for prevention of cardiovascular events. 

Shin MS et al. Drug Des Devel Ther 2016;10:1573 
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