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Current Topics I1n Hypertension

BP variabllity vs. average daily BP




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



HBP invariably lower than OBP
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ABPM ; more than 40 yrs ago
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Circulation 1964:;30:882-92.



Factors affect the BP measurement result

m Different approaches affecting the BP assessment

Setting Office, work, ambulatory, home
Time Daytime, nighttime, nocturnal dip, morning, evening,
morning surge, postprandial
Doctor, nurse, technician, relative, self-measurement,
Observer
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

Hypertension 2011;57:1041-2.



Definitions

Usual blood pressure

The theoretical true underlying level of blood pressure, which cannot be measured with total precision, but which is widely
considered to be the most important component of blood pressure, determining its adverse effects and accounting for the benefits
of antihypertensive drugs. Risk relations between measurements of blood pressure and risk of vascular events can be corrected for
inaccuracy in estimation of usual blood pressure by adjustment for regression-dilution bias.**

Mean blood pressure
The average of several readings of either systolic or diastolic blood pressure (as opposed to mean arterial pressure). Readings can be
derived from several clinic vists, home measurement, or ambulatory monitoring, although all these techniques will result in different

values. Modelling 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.”

Blood-pressure variability

The variation in blood pressure with time, either the overall variability during a period of time (SD or coefficient of variation), with or
without adjustment for time trends in underlying mean blood pressure (residual SD), or the average absolute difference between
adjacent readings (successive variation).” Variability has mainly been studied during periods of hours on ambulatory monitering, but

can also be measured over minutes during a clinic visit, or over days, weeks, and months with home measurements or repeated clinic
visits (webappendix pp 5-9). These approaches yield different estimates of variabilty, which are only partly correlated,” and which might
have different primary determinants. Extent of variability is usually positively associated with mean blood pressure, but independent
transformations can be generated.” Measurements of variability in blood pressure are generally less precise than are estimates of usual
blood pressure, and risk relations could in theory be adjusted for error in estimation of usual variability.

Blood-pressure instability

Describes transient fluctuations in blood pressure, usually in response to a specific stimulus, such as change in posture, emotional stress,
or pain. Instability contributes to overall variability and will often have similar clinical associations, such as arterial stiffness and
baroreceptor dysfunction. However, instability differs from variability in that it refers specifically to sudden changes in blood pressure,
the consequences of which might differ from more gradual fluctuations.

Lancet 2010;375:938-48.



HIGH BP MEASURED
IN THE DOCTOR'S OFFICE



Systolic Blood Pressure
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Stroke mortality linked to BP levels
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IHD Mortality
(Floating Absolute Risk and 95% ClI)

I[HD mortality linked to BP levels

. meta-analysis of 61 prospective studies
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Relative risk
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Major problems associated with
conventional clinic BP measurement

MAP WW\ -;;;lm Hg
e WNVMMMW MMWNMVW TR T — _;:m =
' Doctor’s Visit

3 min

Lancet 1983;2:695-8.



OBP vs. ABP and HBP

Doctor measurad systalie pressure (mm Ha)
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BMJ 2002;325:254-8.



SBP at one clinic visit versus the next visit
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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.

HR for mean SEP

HR for variability in SBP

HR {95% CI) pvalue HE: (95% CI) pvalue
5D SBP
Two readings 244 (153-3-80) =000 115 (0-73-1-81) 0-55
Four readings 2-44 (1-39-4-29) 0002 1.51(0-86-2-66) 016
Six readings 2-49 (1-24-4-97) -1 2.02(097-422) 0-001
Eight readings 1-85 (0-84-4-10) 013 601 (1-72-20-96)  0-00%
Ten readings 1-44 (0-58-3-57) 0-43 1304 (1-66-102-6)  0-015
CV SBP
Twe readings 267 (1-74-4-11) =0-0001 109 (0-73-162)  0-67
Four readings 2-B2(1-67-4-78) =0-0001 1-50(0-90-2-48) 012
Six readings 307 (1-62-5-83) 0-001 198(105-377) 0036
Eight readings 2-68 (1.29-5-56) 0-008 500 (1-75-14-30)  0-003
Ten readings 2-26 (0-98-5-17) 0-055 1305 (1.74-97-66)  0-012
VInM SEP
Two readings 2-86(1-88-4-36) =0-0001 125 (0-86-1-82) 025
Four readings 318 (1-90-5-33) =000 159 (1-00-2.54) 0053
Six readings 370 (1-97-6-94) =000 231(1-26-4-23) 0007
Eight readings 370 (1-81-7-56) =0-0001 6-04 (214-1703) 0001
Ten readings 33101-46-7-47) 0-004 1535 (2-08-113-1) 0007

Every row shows the estimates from a Cex model applied to data from patients whe survived for at least n fellow-up
visits, where n ranges from 2 (3 months) to 10 (3 years). Quintiles were used rather than deciles to provide sufficient
group sizes to extend the analysis to ten blood-prassure readings, SBP=systolic blood pressure, HR=hazard ratia.
CV=coefficient of variation. ViM=variation independent of mean.

Table 1: Hazard ratios (top vs bottom quintile) for risk of subsequent stroke (ie, after the measurement
period) inthe UK-TIA trial from a model combining mean SBP and visit-to-visit variability in SBP (SD or
CV or VIM), repeated with increasingly precise estimates of both variables

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
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ABP is lower than OBP

Classification of patients
i Masked White coat Sustained P-value
hypertension hypertension hypertension (by x2 test)
n=2901 n=1172 n=5522 n=8791

Age 49+15 S2214 | *** 53115 | **ett 53113 ***t¢
Male, % 46.5 59.5 47.4 60.9 <0.001
Body mass index, kg/m? 27.3+4.7 27.4%4.2 28.1£4.6 ***ttt 28.0:4.3 ittt
Smoking, % 19.7 22.3 171 224 <0.001
Diabetes mellitus, % 13.2 10.4 10.7 10.4 <0.001
Dislipidemia, % 26.4 27.3 30.5 29.3 <0.001
Renal insufficiency, % 0.6 0.3 0.3 0.4 0.237
Cardiovascular disease, % 2.8 29 1.9 2.1 0.021
Clinic SBP 125+10 129179 *** 150112 ***ttt 154115 ***tttiit
Clinic DBP 78+7.8 80:7/2 *** 90412  *e*ttt 94413 ***tttiis
Clinic PR 75+12 7512 77413 | ***t1t T7:13 | ***tt
24hr SBP 11617.4 132110 *** 120#6.6 ***ttt+ 137111 ***tttiss
24hr DBP 71158 8269 *** 7245.7  ***ttt 84184 **titiit
24hr PR 72+9/0 74195 *** 71£9.5 | *ttt 7419.7 ***it%
Daytime SBP 121+8.6 137+11 *** 12517.9 ***ttt 142411 ***tiiis
Daytime DBP 75t6.9 86+8.1 *°** 77£7.0 %%ttt 884£9.4 ***tttiss:
Daytime PR 77+10 7811 *** 76111 *ttt 78+11 ***ii%
Nighttime SBP 10819.3 123113 *°** 110+.1 | ***t1t 126114 ***tttiis
Nighttime DBP 62+6.7  73:#8.1 *** 63£6.5 ttt 74493 **etttitt
Nighttime PR 6419.1 67:£9.9 *** 64+9.4 ttt 6619.7 ***iit

J Hypertens 2010;28:e7/8.



Left Ventricular Mass, g/BSA
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Prognostic value of ABP
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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.

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



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

The relationship of HBP with daytime ABP (correlation coefficient /)
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Frequency of CV events according to

OBP and HBP levels

Normal home BP <135/85 mmHg, normal office BP <140/90 mmHg
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Office BP norm high norm high
No. of
Study Population Studied Subjects Days A PM Total Outcome
Ohasama® Population 1789 28 i 0 28 Strokes and mortality predicted better by HBPM
SHEAF™ Treated hypertensive patients 4939 4 3 3 24 CV morbidity and mortality predicted better by HBPM
PAMELA® Population 2051 1 1 1 2 CV and total mortality predicted better by HEPM
Belgian'™ Referred N 1 3 0 3 Combined CV events predicted better by HBPM
Didima™ Population BE2 3 2 2 12 CV events predicted by both HBPM and office BP

CV indicates cardiovascular.

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



PAMELA study
B WWA
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Hypertension 2006;47:846-53.



Predictive value of estimated usual BP falls with age
. Prospective Studies Collaboration
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WCH and MH are not prognostic innocent
. PAMELA study

A 16]] T e g 1%] T ey

¢ yreng =2.96 P=0.0852 | ‘

1l -

1 S Office 1
20~ 24h— oy Office | Home ~1iome — oo 3 Office |
24h 1 Home 1
C 1 e I —
" & yrang 446 P=0.0346 |
124 |
% 8 ‘ I |
" & trend =7-90 P =0,0050
0.

Home — Home 24h —

24h 1 2
Home T W ome t BP elevation 3

Hypertension 2006;47:846-53.



High BPV and mean BP

LUK trial Dutch trial Pooled*

Patients with low visit-to-visit variabilityt

Unadjusted baseline SBFP 1-58 (1-25-2.00) 1:35(0-99-1.85) 1-50Y1-24-1-80)
Estimated usual SBPt 1-93 (1.38-2.70) 1.60 (0.98-2.61) 38-2.40)
Actual mean SBPS 1-72 (1-25-2-35) 1-68 (1-18-2.39) 1-35-2-15)
Patients with high visit-to-visit variability?

Unadjusted baseline SBP 1-30(1.11-1.52) 1.15 (0-95-1-40) 1.09-1-40)
Estimated usual SBEPt 2.83(1-51-5:30) 4-06 (0.57-28-8) L-51-5-32)9]
Actual mean SBPY 1-27 (1-00-1-61) 1-08 (0-76-1.54) /1-00-1-47)9

Data are hazard ratio (95% C1). Stroke risk caleulation included all strokes after the measurement period (ie, after seventh
follow-wp visit); however, results were very similarwhen analysis also included events during and after the measurement
period. SBP=systolic blood pressure. TIA=transient ischaemic attack. *Based on fived-effect meta-analysis of the two trials.
TLow variability includes patients with median variability or lower, and high those greater than the median; within-
individual visit-to-visit variability is expressed as a transformation of the 5D of measurements made at seven consecutive
visits, which is uncorrelated with mean SBP.” $Caloulated by adjustment of baseline SBP for regression-dilution bias, with
regression-dilution ratios of 0-42 {all patients), 0.70 {low variability), and 0-25 (high variability) in the UK trial and 0-38,
0-64, and 0-10, respectively, in the Dutch trial; ratios were caloulated from the baseline measurement and the visit 7
(2-year) measurement. §Based on measurements of SBP made at the first seven consecutive follow-wp visits. 1 pvalue for
comparison of difference between hazard ratios was 0.006.

Lancet 2010;375:895-905.



BLOOD PRESSURE
VARIABILITY



Measures of BP Variability, Instability,
and Reativity

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...

Hypertension 2011;57:1041-2.



Seasonal BPV
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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 1997:7:214-109.
Lancet 2010;375:906-15.



BPV by ABPM

. short-term variability
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Dipping pattern and CV outcomes
. meta-analysis from 4 prospective studies
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J Hum Hypertens 2009;23:645-53.
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Morning surge and CV events

; 5645 subjects from 8 populations (ABP)
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BPV in NT, WCH, MHT and SHT
; Spanish ABPM regqistry

Figure 3. Standard deviation of Figure 4. Standard deviation of
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J Hypertens 2010;28:e7/8.



BPV(SBP:ABP) and carotid atherosclerosis

; independent of average BP

Odds Ratio (95% Cl) P
Variability (=15 vs =15 mm Hg) 3.9(1.4-11.1) =20.07
Variation (nighttime blood pressure increase vs decrease) 1.27 (0.38-4.3) NS
Blood pressure (hypertensive vs normotensive) 1.17 {0.55-2.07) NS
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Short-term BPV predict organ damage and CV events.
Circulation 2000;102:1536-41.



Possible mechanisms involved iIn
high BPV-induced organ damage

Endothelial Vascular
damage remodeling

RAS
activation

Cardiovascular
remodeling

Inflammation
initiation

Myocardiac Cardiac
apoptosis remodeling

Curr Opin Cardiol 2006;21:486-91.



BPV by HBPM

. medium-term variability
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Reproducibility

Reproducibility Criteria

Test-Retest SD of
Correlation Differences
Blood Pressure Coefficient (Systolic/
Measurement (Systolic/Diastolic) Diastolic)
Clinic
1 visit 0.77/0.76 11.0/6.6
Ambulatory
24-H 0.80/0.84 8.3/5.6
Awake 0.74/0.80 10.0/6.6
Asleep 0.81/0.79 9.2/7.0
Home
2 days 0.91/0.86 6.9/4.7

Am J Hypertens 2002;15:101-4.



Maximum value of HBP

. a novel indicator of TOD beyond average HBP

LVMI Carotid IMT Log UACH
Variable r P r P r r
Mean office SEP, mmHg 041 <0.001 024 <0001 029 -=0.001
Mean office DBP, mmHg 005 034 003 056 005 034
Mean home SBP, mmHg 046 <0001 031 =0.001 030 =0.001
Mean home DBP, mm Hg 0.13 0.02 0.09 0,10  0.08 0.15
Maximum home SBP, 051 =0.001 040 =0001 029 =0.001
mm Hg
Maximum home DBP, 023 <<0.001 013 0.012 0.08 0.16
mm Hg
Day-by-day home SBP 0.31 =<0.001 023 =0001 020 -=0.001
variability, mm Hg
Day-by-day home DBP 0.22 =0.001 040 007 006 029

variability, mm Hg

Hypertension 2011;57:1087-93.



Cardiovascular mortality (%)
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BPV and mortality

, the Ohasama study (HBP)

SD of Systolic BP

Q4

Mortality Tatal* Cardiovascular® Stroke*
Deaths, n 462 168 83
Base model

Systolic BF, mm Hg
Heart rate, bpm
Adjusted
SD of systolic BP, mm Hg

1,18 (1,07 to 1.31)
1.21 (1.1 to 1.31)

1.21 (1,10 t0 1.32)]

1.33(1.13 t0 1.57)|
1.24 (1.08 to 1.42)§

1.27 (1.09 to 1.47)§

1.43 (1.13 10 1.80)§
1.27 (1.06 t0 1.53)§

1.41 (1.1510 1.73)|

S0 of heart rate, bpm
Fully adjusted

Systolic BP, mm Hg

Heart rate, bpm

SD of systolic BP, mm Hyg

SD of heart rate, bpm

1.1 (1.02 to 1.27)F

1.13(1.01 to 1.25)%
1.19 (1.09 to 1.30)
1.18 (1.07 to 1.31))
1.05 (0,96 to 1.16)

1.24(1.0910 1.41)%

1.26 (1.06 to 1.49)§
1.16 (1.01 to 1.34)%
1.20 (1.02 o 1.40)%
1.18 (1.02 to 1.36)%

1.17{0.96 to 1.43)

1.29(1.01 to 1.64)%
1.25 (1.02 to 1.52)%
1.38(1.12 10 1.72)§
1.06 (0.84 to 1.33)

Hypertension 2008;52:1045-50.



BPV in treated and untreated patients

, Ohasama population

_ . ABP HBP
5D of daytime SD of nighttime SD of 24-h SD of morning St) of é;cniﬁg
(mmHg) (mmHg) (mmHg) (mmHg) (mmHg)
All subjects (n=1,207)
SBP 15.1 + 4.4 11.0+3 9% 16.54+4.3% 8.8+ 3. 1% 9.0+£2. 300
DBP 9.6+ 2.8 0H.9+2.4% 10.8 12,51 6.6+2.3%1] 6.842.2%)%
Untreated subjects (n=881)
SBP 14.3 + 4.3 1.6+3 8% 16,0 4.2% 1t B.3+2.9%10 B.5+3.0%H0
DBP 02+ 26 h.6+2.3% 10,512 4.1 6.5+2 4% 6.7+2.2%0
Treated subjects (n=2326)
S5BP 17.2 + 4.3%= 12,2+ 4, 1% 8% 18.1 4. 2% t.58 10.1+3.2#.0.55 10,343,310 4
7.412. 5% 8 11.6+2.6%. 1.8 6.9+2 3102 7.1£2.2% 0%

DBP 10,7 £+ 2.8%

Hypertens Res 1999,;22:261-72.
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BPV by OBPM

. long-term variability

Within visit variability

AR

173/90 164/90 156/88
169/89 168/94 148/86
174/96 158/94 159/86

}

170/92
166/88
174/88

— Py P &P

Between visit or visit-visit variability

Peter Sever. BHS Primary Care Meeting 2011



Maximum BP assessed by OBP

. a strong predictor of stroke and coronary events independent of

AITCome eants
Fatients &1 risk

Hazard ratia {25% C1)

Outcome events
Fatients at ris

mean BP (visit-to-visit variability)

a4
1 .rH... e
[

Risk of stroke
SO SEP

Risk of caronary events
SDSER

V T " J,,H/%HH

iG o 24 2 i 15 9 18 21 17 15
1357 1336 1234 1131 1065 917 862 715 566 319 1354 1329 1228 1127

Wi SpP

VIM SBP

- 11 0 11 i LE i 5] o] 43 4f .} 3b 48 50 ch B5

14 a1 : 2 22 X L.} 5 M4 105
1097 1067 1034 1019 961 955 and Bzp 857 7ER 1086 1066 1030 1013 958 951 il 778

fag #0850

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).

Lancet 2010;375:895-905.



Number of patients in each
decile of within-visit SD SBP
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Within-visit SBP variability

m Ambodiping
| Awenolol

2 3 4 5 6 7 8 9 10
Decile of within-visit SD SBP

; ASCOT-BPLA

Stroke risk Coronary risk
(HR, 95% Cl) (HR, 95% CI)
-& Amiodipine -4 Amiodipine
1 @ Atenolol . *+ & Atenolol

Hazard ratio (95% CI)
Hazard ratio (95% CI)

;\+(1‘_

0 — — - 0 Pt e— v

Number A 33 25 21 14 24 18 36 27 41 40 Number A 62 63 45 70 B4 53 65 64 57 B1

ofevents® 22 28 22 28 24 32 37 38 56 63 ofevents® 51 57 52 63 65 60 69 81 & 110
Decile of within-visit SD SBP Decile of within-visit SD SBP

Lancet 2010;375:895-905.



2,0 5

Visit-to-visit variability in the general population

; from NHANES III (OBP)

]
Percentage of the population
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SBF coefficient of wanation

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.

Hypertension 2011;57:160-6.



Mumber of patients

Patianits

Different antihypertensives might differently affect BPV
; ASCOT-BPLA (visit-to-visit variablity; interindividual)

B Amlodipine
B Atenclol

5D SBP
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Lancet 2010;375:895-905.



Different antihypertensives might differently affect BPV
; ASCOT-BPLA (within-visit variablity)
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Lancet 2010;375:895-905.
Hypertens Res 2009;32:488-95.



Small differences in mean SBP but large in SD

. ALLHAT
Treatment group p value for difference in 5D SBP
Amlodipine Chlorthalidone  Lisinopril Amlodipine  Chlorthalidone
vs lisinopril s lisinopril

Baseline 146-2 (15-7) 146-2 (15-7) 146-4 (15-7) 0.5 0.5
1-year follow up 1385 (14-9) 136-9 (15-8) 140-0(18-5) Qx10™ Fx10
2-year follow up 1371 (15-0) 135-9 (15-9) 138-4 (17-9) 3=107 1107
3-year follow up 135.6(15.2)  134.8 (15.4) 136.7 (17-3) Q1™ 22107
4-yearfollowup  1348(15-0)  133.9(157)  1355(172)  1x10™ 2x10™
5-year follow up 1347 (149)  133.9(15-2) 135-9(17-9) Tl 8=10"

Data are mean (50). p valves for differences between treatment groups in inter-individual variation in systolic blood

pressure (SBP; ie, 5D SBP) are shown for every follow-up visit,

Table 2: Mean (5D) SBF at baseline and during follow-up in the ALLHAT trial, stratified by randomised

treatment group

JAMA 2002;288:2981-97.




aystolic blood pressure variability, mmHg
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CCB, diuretics and ARB on BPV
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Hypertension 2011;58:155-60.
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SBP variability btw antihypertensives

Pooled increase in CV |
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Treatment allocation

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



More precise risk prediction

BP variability

Mean BP

-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.

Hypertension 2011;57:1041-42.



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 Eroof 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 man?/ BP values as possible, to
allow for the determination of all “intra” and “inter” visit BP
values and their variations.






BPV and HR

J Am Soc Hypertens 2011,5:184-92.



Long-term risk of sustained hypertension

% of new sustained HT

% of new sustained HT
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Hypertension 2009;54:226-32.



Stroke onset rate (9%)

mmHg

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

it} -
(a) Stroke onset
15
Stroke Onset Rate
10 Hypertensives (n=633) Normotensives (n=178)
Strokes per  Stroke Percent  Strokes per  Stroke Percent
5 . Period Time Interval Hour, n per Hour Hour, n per Hour
Marning 6 to noon 39.2 6.2 12.7 7
. Afternoon Moon to 4 23.3 3.7 6.5 7
(b) Systolic BP .
Evening 4108 36.8 5.8 8.0 45
140 Night 8106 15.8 2.5 4.4 2.5
Expected rate 26.4 4,2 7.4 4.2
130 P for »* =0.001 =20.001
120
0 i

é 1|2 1IB
Time of the day (hours)

e = 8
o =

Stroke 2002:33:1480-6.



CV death

5.0
(%)

4.0

3.0

BPV(DBP;ABP) and mortality
, PAMELA study

DBP A day/night

p=0.0161

3]

[ 8 [0 12
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14
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9.0
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p= 0. 0530

2 4 6 8 10 12 4
Time (years)

Independent of 24 hour mean BP values

Hypertension 2007;49:1265-70.



CCB on within-individual BPV
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Lancet 2010;375:895-905.



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

4 -
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Blood pressure thresholds

NICE 2011
[ T T ey ey
Office or clinic < 120/80 > 140/90 > 160/100 < 140/90 < 150/90
Home > 135/85 > 150/95 < 135/85 < 145/85
vl Ry > 135/85 > 150/95 < 135/85 < 145/85
(daytime)
ESH 2010

__Measurement | __Normal _ SR e 2

Office or clinic
Home < 130/80 135 85
Ambulatory 125 80

ESH hypertension guideline, J Hum Hypertens 2010;24:779-785.
JSH 2009

-m-
Office or clinic
Home < 125/75 135 85
Ambulatory 130 80
JSH hypertension guideline, Hypertension Research 2009;32:11-23.



BPV and average BP levels

, from Framingham study

Man
77T Women
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Circulation 1980:61:1183-7.



