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“the blood would rise and
fall at and after each
pulse by 2, 3 or 4 inches”
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Mancia 6, Parati 6, J Hypertens 1990.8(suppl. 7):51-513
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Diagnosis and Classification

European
ESH ), Society of
Hypertension

TABLE 1. Classification of office BP and definitions of hypertension grades

Category Systolic (mmHg) Diastolic (mmHg)
Optimal <120 and <80
Normal 120-129 and 80-84
High-rosrma! 20134 FRTA #E—24

[ Grade 1 hypertension 140-159 and/or 90-99 ]
Grade 2 hypertension T60=179 anaror T00=109
Grade 3 hypertension >180 and/or >110
Isolated systolic hypertension® >140 and <90

Isolated diastolic hypertension® <140 and >90
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128 -

2Y2TOAIKH ATT KAI
KAPATAITEIAKOZ KINAYNOZ

80-89 years
70-79 years

60-69 years

YuoToAik) Al (mm Hg)

256 -
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1 50-59 years
- / e

32
16
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80-89 years
/ 70-79 years
/ 60-69 years

120 140 160 180
YuoToAik Al (mm Hg)

Lancet. 2002;360:1903-1913.



Blood pressure lowering for prevention of cardiovascular >0 x®
disease and death: a systematic review and meta-analysis |

Dena Ettehad, Connor A Emdin, Amit Kiran, Simon G Anderson, Thomas Callender, Jonathan Emberson, John Chalmers, Anthony Rodgers,
Kazem Rahimi

60 O

Major cardiovascular disease events proportional risk reduction (%)

T
0 5 10 15 20
Reduction in systolic blood pressure (mm Hg)

Lancet 2016;387:957-967
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George S. Stergiou®, Paolo Palatini®, Gianfranco Parati““, Eoin O’Brien®, Andrzej Januszewicz',
Empar Lurbe®", Alexandre Persu', Giuseppe Mancia!, Reinhold Kreutz¥, on behalf of the European
Society of Hypertension Council and the European Society of Hypertension Working Group on
Blood Pressure Monitoring and Cardiovascular Variability



NO SMOKING, QUIET COMFORTABLE 3-5MIN NO TALKING

CAFFEINE, FOOD, ROOM TEMPERATURE REST DURING OR
EXERCISE 30MIN BETWEEN
BEFORE MEASUREMENTS

. X /

Cuff to fit arm size
(small, usual, large)

/[ Arm bare and resting. }
Mid-arm at heart level
—, V& \

Validated electronic
upper-arm cuff device
(www.stridebp.org)

Back
supported

4

Take 3 measurements
at1minintervals

and use the average
of the last two

Feet flat
on floor




296 FEBRUARY B, 1964 ORIGINAL ARTICLES THE LANCEY

A SPHYGMOMANOMETER FOR
EPIDEMIOLOGISTS

G. A. Rose
M.oAL, DM, Oxon., MR.C.P.

Recent physical activity
Emotional state

Known factors Position of subject and arm
Room temperaturefseason of year,
&c.

True variations

in arterial
pressure
Varability of
blood-pressure Inaccuracy of sphygmomanometer
readings e.g., zero error, tilting, dirty tube, &c,
Instrument
Cuff width and length
Mental concentration and reaction-time
Measurement Hearing acuity
errors Chiefly affecting ——— Confusion of auditery and visual cues
the mean pressure Interpretation of sounds

estimate Rates of inflation and deflation

Reading of moving column,
Observer &c.

Terminal digit preference
Distoroing the

frequency distribution
curve (and sometimes

ecting the mean) Prejudice-——g-o= excess of readings at

120/80, deficiency of
diastolic readings at
90 mm.

Fig. 1—A schematic representation of some sources of variation in measuring blood-pressure.
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Stergiou 6S. J Hypertens 2020 Mar;38:395-9.



International
Society of
Hypertension

European
ESH ), Society of
Hypertension

4 STRIDEBP

www.stridebp.org

TTIZTOTTIOTHMENEZ ZYZKEYEZ
METPHZHZ THZ APTHPIAKHZ TTIEZHZ

Ave€apTnTn - ZuoTtnuaTtikn AioAoynon


http://www.stridebp.org/

C @& stridebporg & & ﬁ

R Eur?pean
1Y STRIDEBP [ — O

e . qpertensi,
@37 ) International % 74
. h )
W || & Society of g" L)
Y Hypertension *

About us BP Monitors Literature Training Q, Search

STRIDE BP is an international scientific nhon-profit
organization founded by hypertension experts
with the mission of improving the diagnosis and
management of hypertension.

=

Read more —

Validated blood pressure monitors

°
& & @

Home Office/Hospital Ambulatory Children Pregnancy

v+, Download v+, Download ¥, Download v+, Download v+, Download
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Editorial Commentary

Office Blood agsure Measurement

ThejWeak Cornerstone jof Hypertension Diagnosis

George Stergiou, Anastasios Kollias, Gianfranco Parati, Eoin O’ Brien

American

T Heat — Hypertension

2018:71(5):813-815
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Consensus Document

2021 European Society of Hypertension practice
guidelines for oftice and out-of-office blood J Hypertens 2021
pressure measurement

White-coat ;
- d Sustained
S hypertension
& T 15-25% 1P
),
o
% " Masked
9 | Normotension hypertension
10-20%
Low High

Home or Ambulatory BP
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Original Article

Automated office blood pressure measurements in primary care are
misleading in more than one third of treated hypertensives: The
VALENTINE-Greece Home Blood Pressure Monitoring study

A. Kollias ?, S.S. Papadatos °, A.F. Dominiczak °, G. Parati < 9,

G.S. Stergiou ™7, on behalf of the Valentine-Greece Home Blood Pressure Monitoring
Study Group

Controlled
ypertension

Uncontrolled
Hypertension

|
e B 4.~

Masked
Uncontrolled
Hypertension

White Coat
Hypertension
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ESC/ESH 2018 Guidelines

Hypertension
>140/90

ESH @

Use
either to
confirm
diagnosis

Repeated visits Out-of-office BP
for office BP — measurement

measurement (ABPM or HBPM)

Indicat.ic:-ns for
ABPM or HBPM see Table 11




ESH/ECS

GUIDELINES 2018

BP measurement

e Wider use of out-of-office BP measurement with ABPM and/or HBPM, especially HBPM, as an option to confirm the diagnosis

of hypertension, detect white-coat and masked hypertension, and monitor BP control.

E 2017 US Guidelines

4.2. Out-of-Office and Self-Monitoring of BP

Recommendation for Out-of-Office and Self-Monitoring of BP
References that support the recommendation are summarized in Online Data Supplement 3 and
Systematic Review Report.
COR LOE Recommendation
1. Out-of-office BP measurements are recommended to confirm the diagnosis
of hypertension (Table 11) and for titration of BP-lowering medication, in
conjunction with telehealth counseling or clinical interventions (1-4).




Home BP monitoring (HBPM)

office visits. Average home BP should be calculated after discarding readings of

the first day.

2023 ESH Guidelines for the Management of Arterial Hypertension

Recommendations and statements CoR LoE
HBPM is recommended in addition to OBPM to improve CV risk prediction due

to better reproducibility and prognostic value than OBPM, although lacking data I B
on treatment benefit from RCTs.

HBPM is recommended to identify white-coat hypertension or masked

hypertension. °
HBPM is recommended for long-term follow-up of treated hypertension

because it improves BP control, especially when combined with education and B
counselling.

HBPM should be performed using automated upper arm-cuff BP monitors

validated according to an established protocol. www.stridebp.org ¢
Home BP should be monitored for 7 (not fewer than 3) days with duplicate

morning (with 1 minute between them) and evening measurements before c

ESH

European
Society of
Hypertension


http://www.stridebp.org/

Ambulatory BP monitoring (ABPM)

and night to minimize the risk of missing day or night periods.

2023 ESH Guidelines for the Management of Arterial Hypertension

Specific recommendations and statements CoR LoE
ABPM is recommended in addition to OBPM to improve CV risk

prediction due to better reproducibility and prognostic value than OBPM, | B
although lacking data on treatment benefit from RCTs.

ABPM is recommended to identify white-coat hypertension, masked

hypertension and nocturnal BP phenotypes. Repeated ABPM may be B
necessary because these phenotypes have a limited reproducibility.

ABPM should be used to diagnose true resistant hypertension. B
ABPM should be measured using upper arm-cuff automated BP monitors

validated according to an established protocol. www.stridebp.org ¢
The recommended frequency of measurements is 20 minutes during day c

ESH

European
Society of
Hypertension


http://www.stridebp.org/
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24wpn Karaypayn:
TTAeovekTRUaTa

v MeyaAoc apiOuoc avTIKEIYEVIKWY HETPNOEWV

v MeTpnoeic oto olvnOec mepiPpailiov/dpaoTnpioTnra

v KaNUtepn eravaAnyigornra

v Yréptaon Aeukng pmAoUulac Kai ouyKaAuppEvn
urtépTaon

v TlpoyvwoTikn afia

v Nuxtepivi wieon

v Avayvwpion avOeKTIKAC UTtEPTAONG

v 24wpn anoTEAEOUATIKOTNTA AVTIUTEPTACIKWY

Stergiou et al. ESH. J Hypertens 2021






Koitnpia a€ioriorne 24wpncg

KATAypawng

15-30 min- ZuvnBioyevn nuepa
70% avapevouevwyv HETPROEWV
20 perpnoeic nuépa
7 UETPROEIC VUXTA

European Society of Hypertension. J Hypertens

2013;31:1731-68.



Patient ID : 3341

Ay

R A

e e

Nam IHOS 240
Sex : 210
Age g
DOB E
B 1m0
Day and Night Period =
Time Interval :g e
Day: 07 ~23 20 min 20
Night : 23 ~ 07 20 min &0
Actual Awake [/ Asleep g
Awake - 08 ~02 h o
Asleep: 02 ~08h z
BP Threshold : I
Day: 135/85 mmHg 2 =
Night - 120/70 mmHg 2
10:00 1300 1&:00 19:00 22:00 a1:00 04:00 07D 10040 12040
Readings Average Blood Pressure (SD) White Coat Window
Total Readings : 72 Sys Dia HR MAP PP Afib Sys Dia HR
Successful : 52 (7V2,2%) 4 -hr 124 (22) 75(18) 64 (9) 88 (18) 49 4(52) Readings 2 2 2
Afib : 4 (7,7%) 1st hr Max 137 93 66
hwake 133 (17) 81(12)  68(7) 95 (15) 52 4(35) Night-time Dip%
Day readings = 135/85 68,6% Sys Dia
Night readings = 120/70 11,8% |Asleep 99(14) 58(11) 55(5) 68 (11) 41 0(17) Dip% 255 289
Jate / Time Sys Dia HR MAP Afib Date/Time Sys Dia HR MAP Afib Date/Time Sys Dia HR MAP Afib
19/1/2016 2220 157 93 82 100 0701 86 53 57 66
1128 128 77 66 94 “H 2244 142 89 B4 95 0720 96 47 S0 55
1140 137 93 63 106 2321 138 92 B8 97 Dg:D8 125 82 71 103
1200 134 B7 55 103 2340 142 83 T2 107 De:41 76 67 72 T0  H
1348 134 B6 56 104 200172016
1400 135 90 71 108 0020 137 76 64 96
1420 133 B8 61 105 00:40 142 7S B4 101
14:50 142 116 71 120 01:00 142 81 64 103
1523 142 92  ©6 109 0128 153 95 78 103
1544 140 90 61 108 0141 150 93 77 120
1640 140 78 69 86 0200 151 96 71 103
1728 105 57 66 63 0228 108 63 61 70
1749 107 56 65 66 0240 121 77 60 93
1800 107 59 68 74 0308 93 56 60 B4
18:20 108 52 66 69 0320 94 53 57 B0
1840 108 51 66 5T 0340 S0 54 55 61
19:01 116 B0 B85 72 0408 111 B3 55 88
19289 106 78 60 85 “H 04:23 101 57 53 65
1940 118 70 61 78 04:43 B85 50 49 57
2009 164 91 81 100 0501 93 53 52 B8
2028 152 B9 BS5 OF 0520 107 45 50 &1
2040 145 B4 T3 94 0540 91 47 52 63
2100 153 BT 76 113 “H 0600 91 56 52 61
2120 154 BT 71 117 0620 81 54 52 BB
2140 148 B2 71 92 0840 93 56 55 BS




Patient ID : 3341
Nam IHOS 240
Sex : 210
Age g
DOB - -
Day and Night Period z
Time Interval :i e
Day: 07 ~23 20 min 20
Night : 23 ~ 07 20 min &0
Actual Awake [/ Asleep g
Awake : 08 ~02h o
Asleep: 02 ~08h z
BP Threshold :
Day: 135/85 mmHg 2 =
Night - 120/70 mmHg 2 I :
10:00 1300 1&:00 19:00 22:00 a1:00 04:00 07D 10040 12040

Readings

Total Readings : 72 Sys Dia < 130/80

Successful - 52 (72,2%) D4 hr 124 (22) 75(16) 64(9)

S Wi IS

BP Load 133 (17) 81 (12)

Day readings = 135/85 68,6% < 12 0/70

Night readings = 120/70 11,8% 99 (14) 58 (11)

Cate / Time Sys Dia HR MAP Afib
_ 1 o701 B6 53 57 65

22:44 } o720 96 47 50 55

2321 0908 125 B2 71 103

23:40 ! 0941 76 BT ¥2 70 H
20/1r2016

00:20

00:40

01:00

01:28

01:41

02:00

02-28

02:40

03:08

03:20

03:40

04:08

04:23

04:43

05:01

05:20

05:40

06:00

0&:20

0&:40

3

== < ¥ w]

- fm ot

=1}

0k = 00 =

[f=py i)
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FEEE

o
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Patient ID : 1

Name - I

Sex : Female

Age : 76

DOB : 15/02/1941

Day and Night Period
Time Interval

Day: 07 ~23 20min

Night : 23 ~ 07 20 min

Actual Awake [ Asleep

Awake : 09~ 00 h

Aslesp: 00~09h

BP Threshold

Day : 135/85 mmHg

MNight -  120/70 mmHg

%)
I
(=]

k3
=
[=]

8

=
P
a

Sya & Dia jmmHg)
2

58 2 & 8 8 8

hed. Pulsa(bpm)

12:00 1500 18:00 21:00 00:00 03:00 06:00 09:00 A12:00 1500

Readings Average Blood Pressure (SD) White Coat Window
Total Readings : 74 Sys Dia HR MAP PP Afib Sys Dia HR
Successful : 74 (100,0%) 24-hr 124 (17) 68(8) 2(5) BG6(11) 56 1(74) Readings 3 3 3
Afib - 1 (1,4%) 1st hr Max 198 92 62
BP Load Awake 131(16) 72(86) 63(5) 90(10) 59 0(47) Night-time Dip%

Day readings =z 135/85 36,2% Sys Dia
Might readings = 120/70 29,6% |Asleep 112(9) 61(6) 59(4) T9(8) 51 1(27) Dip% 15,1 14,7
e/ Time Sys Dia HR MAP Afib Date/Time Sys Dia HR MAP Afib Date/Time Sys Dia HR MAP Afib Date/Time Sys Dia HR MAP Afib

027201 20:20 127 70 57 95 04:20 100 50 61 66 12:40 117 68 65 80
12220198 92 61 125 20:40 134 68 60 89 04:41 107 58 63 68
12:40UB5 85 55 11 21:00 116 71 57 B84 05:01 110 68 58 76
1300 150 80 62 118 21:21 140 81 66 98 05:20 102 60 58 7O
1320 139 76 65 94 21:40 142 76 65 103 05:40 99 49 B0 62
13:40 144 76 69 100 2204 137 63 68 66 0G:00 96 51 64 55
14:00 135 75 73 93 22:21 110 67 61 B84 06:28 113 67 54 89
14:20 128 62 T8 76 22:40 113 65 62 83 06:43 103 57 56 79
14:40 145 73 71 895 23:00 119 66 59 81 0703 95 64 57 73
15:03 127 77 74 99 23:20 122 62 55 72 07:20 124 68 62 106
1520 133 75 64 106 23:40 123 62 52 92 0740 129 72 54 g2
15:40 114 62 64 77 15/02/2017 08:00 130 76 55 91
16:00 118 61 59 74 00:00 112 62 54 71 08:20 109 66 55 83
16:20 119 63 57 47 00:20 110 55 52 81 08:40 123 71 67 78
16:40 114 62 57 75 00:40 128 66 52 87 09:00 125 69 59 890
1700 115 63 66 95 01:00 117 65 52 82 09:20 140 75 B8 98
1720 122 70 55 96 0128 130 67 61 95 & 09:40 123 71 63 88
17:43 127 83 56 47 01:40 120 62 54 B89 10:00 119 20 65 95
18:00 130 62 59 7O 02:00 1232 72 58 93 10:20 111 69 61 94
18:20 137 78 65 83 02:20 111 63 63 85 10:40 109 62 B8 75

1840 142 74 66 84 02:40 113 48 64 70 11:00 144 B2 63 96



JAMA | Original Investigation
Association of Office and Ambulatory Blood Pressure
With Mortality and Cardiovascular Outcomes IDACO

N=11135
evikoi tAnBuaopoi (447% urépTaon)
Eupwnn, Agia, N Apepiki

13.8 £étn mapakoAoUOnong

MeTpnoeic 1aTpeio kai 24wpn kataypaepn

JAMA 2019;322:409-420



Table 2. Association of Outcomes With Systolic BP Indexes Without or With Adjustment for 24-Hour or Nighttime Systolic BP*

Adjusted
Outcomes Hazard Ratio (95% CI)¢ P Value
Total Mortality (n = 2836)
Systolic BP index
Conventional 1.12(1.08-1.17) <.001
Automated office systolic BP 1.08 (1.04-1.12) <.001
Measure times
24 hours .22(1.16-1.28) <.001
Daytime 1.14(1.09-1.20) <.001
Nighttime 1.23(1.17-1.28) <.001
Dipping ratio? 13(1.09-1.18 <.001
All Cardiovascular Outcomes (n = 2049) —
Systolic BP index
Conventional 1.20(1.15-1.26) <.001
Automated office <.001
Measure times
24 hours 45 (1.37-1.54) <.001
Daytime 1.33(1.26-1.41) <.001
Nighttime 1.36(1.30-1.43) <.001
Dipping ratio \J4 (1.08-1.19 <,001




Incidence of cardiovascular

events (%)

15

—
o
[

&n
1

Daytime ABP
> 135/85 mmHg

NT

P < 0.0001

I I L L |

4 6 8 10 12

Follow-up (years)

J Hypertens 2007,25:1554-64



Office, Home and Ambulatory

Blood Pressures as

Predictors of Cardiovascular Risk

Risk of cardiovascular event, %

100% =

80%+

60% -

40% 4

20%1

O O Home

Office
————— 24-hour
= 0 Day

Night

120 140 160 180 220 240
Systolic blood pressure, mmHg

100

Hypertension

ez American

Heart
Associations

Niiranen et al. Hypertension 2014.64:281-286



Circulation

ORIGINALRESEARCHARTICLE = ©@0O0®

Nighttime Blood Pressure Phenotype and

Cardiovascular Prognosis
Practitioner-Based Nationwide JAMP Study

Total CVD
20

>

N=6359
Dipping status
Extreme dipper
Dipper
Non dipper

Riser
Riser vs. Dipper P=0.024

-
O,
|

Cumulative incidence rate
of CVD event (%)
o o
| |

o
|

0 2 4 6 8 10

Follow-up (years) Circulation, 2020:142:1810-1820.



REVIEW

Annals of Internal Medicine

Diagnostic and Predictiue Accu racy of Blood Pressure Screening

Review for the U.S. Preventive Services Task Force

Margaret A. Piper, PhD, MPH; Corinne V. Evans, MPF; Brittany U. Burda, MPH; Karen L. Margolis, MD, MPH;

Elizabeth O'Connor, PhD; and Evelyn P. Whitlock, MD, MPH

Background: Elevated blood pressure (BP) is the largest con-
tributing risk factor to all-cause and cardiovascular mortality.

Purpose: To update a systematic review on the benefits and
harms of screening for high BP in adults and to summarize evi-
dence on rescreening intervals and diagnostic and predictive
accuracy of different BP methods for cardiovascular events.

Data Sources: Selected databases searched through 24 Febru-
ary 2014.

Study Selection: Fair- and good-quality trials and diagnosti
accuracy and cohort studies conducted in adults and published
in English.

Data Extraction: One investigator abstracted data, and a sec-
ond checked for accuracy. Study quality was dual-reviewed.

Data Synthesis: Ambulatory BP monitoring (ABPM) predicted
long-term cardiovascular outcomes independently of office BP
{hazard ratio range, 1.28 to 1.40, in 11 studies). Across 27 stud-
ies, 35% to 95% of persons with an elevated BP at screening

outcomes in those who were normotensive at screening. In 40
studies, hypertension incidence after rescreening varied consid-
erably at each yearly interval up to & years. Intrastudy compari-
sons showed at least 2-fold higher incidence in older adults,
those with high-normal BP, overweight and obese persons, and
African Americans.

Limitation: Few diagn cy studies of office BP meth-
otocols in untreated adults.

Conclusion: Evidence supports ABPM as the reference stan-
dard for confirming elevated office BP screening results to avoi
isdiagnosis and c-uertreatment of persons with isolat
hyperten range, older
persons, those with an above-normal body mass index, and Af-
rican Americans are at higher risk for hypertension on rescreen-
ing within & years than are persons without these risk factors.

Primary Funding Source: Agency for Healthcare Research and
Quality.

Ann Intern Med. 2015;162:192-204. doi:10.7326/M14-1529 www.annals.org
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Consensus Document

2021 European Society of Hypertension practice
guidelines for oftice and out-of-office blood
pressure measurement

George S. Stergioua, Paolo Palatini®, Gianfranco Parati““, Eoin O'Brien®, Andrzej Januszewicz',
Empar Lurbe®", Alexandre Persu', Giuseppe Mancia!, Reinhold Kreutz, on behalf of the European
Society of Hypertension Council and the European Society of Hypertension Working Group on
Blood Pressure Monitoring and Cardiovascular Variability

Consensus Document

Home blood pressure monitoring: methodology,
clinical relevance and practical application: a 2021
position paper by the Working Group on Blood
Pressure Monitoring and Cardiovascular Variability
of the European Society of Hypertension

Gianfranco Parati®®, George S. Stergiou®, Grzegorz Bilo®, Anastasios Kollias, Martino Pengo?,
Juan Eugenio Ochoa?, Rajiv Agarwal?, Kei Asaxamae'f'g, Roland Asmar”, Michel Burnier',
Alejandro De La Sierral, Cristina Giannattasio®", Philippe Gosse', Geoffrey Head™,

Satoshi Hoshide", Yutaka Imai?, Kazuomi Kario", Yan Li°, Efstathios Manios®, Jonathan Mant9,
Richard J. McManus', Thomas Mengden®, Anastasia S. Mihailidou®, Paul Muntner", Martin Myers",
Teemu Niiranen""*, Angeliki Ntineri, Eoin O’BrienY, José Andres Octavio”, Takayoshi Ohkubo®?,
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4.2. Out-of-Office and Self-Monitoring of BP

Recommendation for Out-of-Office and Self-Monitoring of BP
References that support the recommendation are summarized in Online Data Supplement 3 and
Systematic Review Report.
COR LOE Recommendation
1. Out-of-office BP measurements are recommended to confirm the diagnosis
of hypertension (Table 11) and for titration of BP-lowering medication, in
conjunction with telehealth counseling or clinical interventions (1-4).
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hypertension in patients on drug therapy

Office BP
at goal

Yes

Office BP
=25—-10 mm Hg
above goal on
=3 agents

Increased
CVD risk or
target organ
damage

Y N Y N
¥ es o ¥ ¥ es o ¥
- . ) Screen for B AT
masked uncantralled notﬁ:i_i;g;iw Wh't effect with not necessgw
: ) HBPM
hypertension jwith HBPM (No Benefit) (No Benefit)

(Class IO}
HBPM BP HBPM BP
above goal at goal

ABPM BP

)
above goal

White coat effect:
No Confirm with ABPM
(Class lla)

Continue titrating
therapy

Yes

Masked uncontrolled
hypertension:
Intensify therapy
(Class llb)

Continue current
therapy
(Class lla)




EravaAnpiyotnra TexXVIKwY
MéTpnone ATT

n=133 SDD:10 mmHg

Clinic PP Home PP Ambulatory PP
40 40 40

S  209---mmm-- R S 207 5 207
T L xR T
£ £ E
£ £ £
8 0 ¢ 0 g 0
c c c
s L, U S S o
i) ) 0
= £ =
O -0 __ O —20- O

_40 T T T —40 T T T

30 45 60 75 90 30 45 60 75 90
Average (mmHg) Average (mmHg)

Stergiou GS et al. J Hypertens 2002;20:1987



80
60

o

40

20

TTpoTiynon aoOevwv:
- OeTIKR Yvwpn

Nasothimiou, et al. J Hum Hypertens 2014,28:224



SMBP Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Electronic monitoring
Marguez-Contreras 2006 894 152 100 837 236 100 105% 0.29 [0.01, 0.58] -
Rudd 2004 805 23 69 629 311 68 8.4% 0.64 [0.30, 0.98] -
Subtotal (95% CI) 169 168 18.8% 0.45 [0.10, 0.79] -~
Heterogeneity: Tau® = 0.04; Chi* =247, df=1 (P =0.12); I7 = 59%
Test for overall effect: £ =2.54 (P = 0.01)
1.1.2 Pill count
Bailey 1999 B8 274 30 94 21.2 28 4 8% -0.24 [-0.76, 0.28] - 1
Haynes 1976 658 36.7 20 432 429 18 3.4% 0.56 [-0.09, 1.21] "
Hosseininasab 2014 99 5 94 978 3 96 10.2% 0.29 [0.00, 0.58] —
Johnson 1978 78 315 34 655 426 34 5.4% 0.33 [-0.15, 0.81] - =
McKenney 1992 100.2 7 17 936 8.7 17 2.9% 0.82 [0.11, 1.52]
Subtotal (95% CI) 195 193 26.8% 0.30 [0.01, 0.59] A
Heterogeneity: Tau®* = 0.04; Chi*=6.87, df =4 (P =0.14); 7 = 42%
Test for overall effect: 2 = 2.04 (P = 0.04)
1.1.3 Pharmacy fill
Magid 2011 085 019 112 084 019 112 11.1% 0.05 [-0.21, 0.31] T
Stewart 2014 094 035 174 0.89 0.21 151  12.8% 0.17 [-0.05, 0.39] T
Subtotal (95% CI) 286 263 23.9% 0.12 [-0.05, 0.29] F
Heterogeneity: Tau® = 0.00; Chi* =046, df =1 (P=0.50); I = 0%
Test for overall effect: £Z2=1.42 (P = 0.15)
1.1.4 Self report
Bove 2013 356 0.81 99 359 085 107 106% -0.04 [-0.31, 0.24] —
Green 2014 0.1 2 44 02 19 46 6.7% -0.05 [-0.486, 0.386] - T
Wakefield 2012 998 14 102 996 22 107 10.7% 0.11 [-0.16, 0.38] T
Zarnke 1997 695 0.2 20 68 04 10 2.5% 0.52 [-0.25, 1.29] -
Subtotal (95% CI) 265 270 30.5% 0.05 [-0.13, 0.22] <9
Heterogeneity: Tau® = 0.00; Chi* = 2.21, df = 3 (P =0.53); I = 0%
Test for overall effect: £ = 0.52 (P = 0.60)
Total (95% CI) 915 894 100.0%

Heterogeneity: Tau® = 0.02; Chi® = 20.88, df = 12 (P = 0.05); I* = 43%

Test for overall effect: £ = 3.11 (P = 0.002)

Test for subgroup differences: Chi* =547 di =3 (P =0.14), P =451%

Favours SMBP

Favours control

Am J Hypertens.2015;28:1209-21



Blood Pressure Control by Home Monitoring

Meta-analysis of Randomised Trials

Cappuccio F, et al. BMJ 2004

Study Relative risk (95% CI) of Risk ratio (95% CI)
blood pressure below target

Haynes 1976 0 1.27 (0.91 t0 1.77

Earp 19821 0.87 (052 to 1.45

Stahl 19841° . 1.26 (0.89t0 1.78

— e e, e, e, e

)
)
)
)
)
)

Muhlhauser 19932 09010 1.16
Mehos 200027 , = > 140 (0.87 0 2.27
Vetter 200028 + 119 (0.97 to 1.46
Overall (95% CI) = 1.11 (1.00 to 1.24)

0.5
Favours control

1 1.5 2

Favours intervention
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AIABALTE NPOZEKTIKA TIZ OAHIIEL
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ONOMATENQNYMO:

S ATATNS)ZTIKO OPIO

11 HMEPA QPA SYSTONKH-AIAETONKH (ZOYZEIS)
Lme wo Lo gl 3 g 135/85 mmHg
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Personal information | Average without 1st day 4th DAY
o iagoe reading ot nchded 29/1/2000  [Time Sys  Dia _ Pulse
o e . _— MORNING [ 1st |07:55 135 93 60
Pl Al 143 88 75 ond (07:57 134 90 58
MORNING 141 87 67 -
Date of birt EVENNG M 1st 1911 153 91 85
FVENING 146 ond (1914 152 89 81
1st DAY 5th DAY
22/1/2000 Time Sys | Dia  Pulse 1/2/2000 Time Sys | Dia  Pulse
MORNING []1:t |07:53 132 93 62 MORNING M 1st |07:59 141 85 73
Oond |07:535 138 91 65 ond |08:02 142 81 71
EVENNG [0t |18:47 149 88 70 EVENING M 1st |20:33 144 89 67
Oond |18:30 147 88 65 ond [20:36 129 86 74
2nd DAY 6th DAY
25/1/2000 Time ' Sys Dia | Pulse 3/2/2000 Time ' Sys Dia | Pulse
MORNING [ 1st |06:59 139 85 69 MORNING M 1st |08:15 137 84 77
2nd |07:01 136 87 65 2nd |08:18 145 86 74
EVENNG [ 15t |=— - - - EVENNG M 1st |21:55 147 91 89
O ond |- - --- - 2nd 121:58 146 89 91
3rd DAY 7th DAY
27/1/2000 Time Sys | Dia | Pulse 5/2/2000 Time Sys | Dia | Pulse
MORNING M 1st |07:52 134 87 58 MORNING [ 1st |06:59 154 92 68
ond |07:55 148 81 62 2nd |07:01 141 90 64
EVENNG M 1st |19:05 160 91 96 EVENING M 15t |19:43 147 89 79
ond [19:08 140 93 98 ond [19:45 145 85 81
_| Download Print Save Patient files Download usual mode Clear memory Exit




REPORTING BIAS:
Achilles' heel of Home Blood

Pressure monitoring

N R kel G

Reporting Bias (Stored vs. Reported BP

Study Participants (N)  Participants (Selection Criteria) Subjects Aware  Subjects Aware
of Research of Device Memory  Readings)
Study

Myers” 39 Undergoing 24-hour ABPM No No Mean difference: SBP =10 mm Hg ir
DBP >5 mm Hg in 23%

Mengden et al 30 HTN No No Reported BP readings: Lower 36%: Higher
0%

Johnson et al” 30 Normotensives and HTN Yes No Difference =10 mm Hg: SB @ DBP
17%

Mazze et al' 70 Treated HTN with DM2 Yes No Reporting precision 89% + 10% (range,
45%—100%); under-reporting
25% + 16% (range 0%—56%); over-
reporting 12% + 15% (range,
09469 ).

Nordmann et al'' 54 Referred for 24-hour ABPM Yes Yes Mean difference >5 mmyHANbetween
matched BP readings @

Cheng et al'” 49 HTN in university-based family practice  Yes Optional (% not Median % agreement beWg written and

reported) stored BP: 80% (range, 18%—100%)

Cirde et al'” 38 HTN Yes Not mentioned In 47% who provided 100% of requested
readings, erroneous reporting was 10%

Bachmann et al'® 48 HTN from university out-patient clinic Yes 50% (randomized)  Erroneous readings: Subjects aware of
memory 0.014%: Unaware 0.047%

Landert et al'”’ 48 HTN Yes 50% (randomized) Non-informed group: more frequent

Myers, Stergiou. JASH 2014.8:350

measurements (76.1 vs. 58.8) and less
agreement of stored with reported values
(95.7% vs 87.5%). Repont of fictional
data only in non-informed group (0 vs
55). Informed group: no fictional data (0
vs 55)
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Association of night-time home blood pressure with
night-time ambulatory blood pressure and target-
organ damage: a systematic review and meta-analysis

Anastasios Kollias, Angeliki Ntineri, and George S. Stergiou

J Hypertens 2017.:35:442-52.




Studies with Nighttime

Home Blood Pressure Monitoring

Recruitment N° partidpants Age, Device model = Measurement Measurements
Authors (year) (country) (% women)  years (SD) (company) days (intervals) per night

Cbservational

Chonan et al. HT (Japan) 49 {(-) - HEM-T74TIC-N 10(1) 1 (0200 h) 1186 728

(2001) [45] {Omron)

Hosohata etal P (Japan) 556 (71) 62 (11) HEM-T747IC-N 2{6) 1 (0200 h) 1168 68O

(2007) [47] {Omron)

Ushio ef al. V {Japan) 40 (30 25 (5) HEM-5041 71 B (1h interval) 1076 593

(2009) [48] (Ormiron)

Ishikawa ef al GP {Japan) 854 (53) 63 (11) HEM-5001 9 (=1 perwk) 3(0200, 0300, 0400 h) 123.0 702
: (2012) [49] (Omron)

Stergiou et al. HT (Greece) 81 (47) 58 (11) WatchBPM 3(1) 3(2, 3, 4h after 1141 664

(2012) [58] (Microlife) going to bed)

Stergiou ef al. 054 (Greece) 39 (28) 49 (11) WatchBPN 3(1) 3(2, 3, 4h after 15. 693

(2013) [30] {Microlife) going to bed)

Andreadis ef al.  HT (Greece) 131 (42) 52 (12) WatchBPM 3(1) 3(2, 3, 4h after 1224 7389

(2016) [59] (Microlife) going to bed)

Lindroos et al. P (Finland) 248 (55) 58({13) WatchBP Home N 2(1) 3(2, 3, 4h after 113.0 652

(2016) [60,72] (Microlife) going to bed)

Clinial trial

Kario et al. HT (Japan) 161 (53) 67(13) HEM-5001 7(1) 3 (0200, 0300, 0400 h) 1316 757

(2010) [53] {Omron)

Kario et al. HT (Japan) 411 (45) 63(12) HEM-7252G-HP 5(1) 3 (0200, 0300, 0400 h) 1283 793
' ‘ (2017) [56] (Omron)

Fujiwara et al. HT {Japan) 129 {57) BB {(12) HEM-7252G-HF 3 {during 4 wk) 3 0200, 0300, 0400 k)  125.1 763
j (2018) [55] {Ormron)

Kollias A, Ntineri A, Stergiou 6. J Hypertens 201 7:35:442-52.



Night -time home vs ambulatory

blood pressure:
a systematic review and meta-analysis
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Blood Pressure Monitoring

OPEN
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Event free survival

Nighttime Blood Pressure Measured by Home Blood
Pressure Monitoring as an Independent Predictor
of Cardiovascular Events in General Practice

The J-HOP Nocturnal Blood Pressure Study

Kazuomi Kario, Hiroshi Kanegae, Naoko Tomitani, Yukie Okawara, Takeshi Fujiwara,
Yuichiro Yano, Satoshi Hoshide; on behalf of the J-HOP Study Group

Total cardiovascular events (n=152)

p=0.034

0.061

p=0.166

0.85

p<0.001

Stroke events (n=64)

Nighttime home SBP (mmHg)

Q1 <108.7
Q2 108.7-116.3
Q3 116.3-123.7
Q4 123.7-132.3
Q5 >1323

Coronary artery disease events (n=88)
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Hypertension. 2019;73:1240-1248.



Garmin Instinct

Tundra (£wg 36..

249,00 €

Meimaris

CHVCEY A
o O

:
¢

Smart Bracelet Blood Pressu...

aliexpress.com - AtaBeatpo

8 Best Blood Pressure Smartwatches - Most Accu.

i@ ioa a |

S
Lo

Wearable cuf

v ecg ppg spo2 Garmin Instinct

£€umvo poAdL... Graphite (Ewg 36.. Silver with BI

4729¢€ 249,00 € 429,00 € 00 €
LightinTheBox Meimaris Meimaris Meimaris

Amazon.com: Fitness T...

amazon.com

10 Best Blood Pressure Watches of 2020 - Compariso.

33rdsquare.com

NORTH £DGE
© I I
v
ECG+PPG

North Edge Blood Pressure ...

Samsung Galaxy Watch Active 2 receives b.

15 Best Blood Pres!
the po

potter.net

fless BP devices

Garmin Instinct vibe 3 gps 1.3 "full- SUUNTO 5 G1 Polar Grit X M/L

Tactical Edition... round 0Bovn ang... Graphite Copper...

349,00 € 51,08 € 279,00 € 389,49 €

Meimaris LightinTheBox Cosmos Sport Trekkinn.com
(155)

¢

m

in 2020 - The Tren... Heart Rate..

nz - AlaBeatpo

Smart wearable blood pressure monitor o...

geex

Tec Sante Optical Blood Pressure Bracelet Oxy..

expa AtaBeaipo

SUUNTO 5G1
Graphite Copper..

vibe 3 gps 1.3 "full-
round 066vn aQng...

Polar Grit X M/L

eart Rat

AinQemiin

Fitness Tracker Smartwatch..  Tec Sante Optical H Blood Pressure Heart Rate ... TOP 9 Best Smartwatches With Blood Pressure M.

P avnal



2021 European Society of Hypertension practice
guidelines for office and out-of-ofhice blood ESH
pressure measurement

George S. Stergiou®, Paolo Palatinib, Gianfranco Parati"d, Eoin O'Brien®, Andrzej Januszewicz',
Empar Lurbe?", Alexandre Persu’, Giuseppe Mancia, Reinhold KreutzX, on behalf of the European
Society of Hypertension Council and the European Society of Hypertension Working Group on
Blood Pressure Monitoring and Cardiovascular Variability

SECTION 8: CUFFLESS WEARABLE BP
MONITORS [18]

A large number of cuffless wearable (wrist-band) devices
are available on the market claiming that they accurately
measure BP. These devices have a sensor, which evaluates
the pulsation of arterioles and estimate BP based on pulse
wave velocity, or other technologies. Cuffless wearable
devices have great potential as they can obtain multiple
or even continuous BP measurements for days or weeks
without the disturbance of cuff-induced limb compression.
The assessment of the accuracy of cuffless devices requires
the use of a validation protocol, which is specific for these
devices and includes procedures additional to those used
for conventional cuff-devices. At present, the accuracy and
usefulness of cuffless devices are uncertain. Therefore, they
should not be used for diagnostic or treatment decisions.
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Diagnosis and Classification

European
ESH ), Society of
Hypertension

TABLE 1. Classification of office BP and definitions of hypertension grades

Category Systolic (mmHg) Diastolic (mmHg)
Optimal <120 and <80
Normal 120-129 and 80-84
High-rosrma! 20134 FRTA #E—24

[ Grade 1 hypertension 140-159 and/or 90-99 ]
Grade 2 hypertension T60=179 anaror T00=109
Grade 3 hypertension >180 and/or >110
Isolated systolic hypertension® >140 and <90

Isolated diastolic hypertension® <140 and >90
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2018 ESH/ESC Hypertension Guidelines

Definitions of hypertension by office and
out-of-office blood pressure levels (mmHg)

Category Systolic  |Diastolic
Office BP >140 >90
Ambulatory BP
24-h >130 >80
Daytime >135 >85
Nighttime >120 >70
Home BP 2135 >85
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N  Subjects Diagnosis  Sensitivity ~ Specificity PPV NPV K r

Nesbitt et al.,, 19977 79  Untreated H 48 93 NR NR NR NR
Stergiou et al., 20008 133 Untreated H 74 76 84 63 0.47
0.67/0.75
WCH 61 79 48 86 0.37
Masding etal., 2001 9 55  Untreated, H 100 79 80 NR NR 0.88/0.76
diabetes 2
Hond et al, 247 Untreated 8 @ o 0.74/0.60°
- U} Q' lCl ““’
Shimbo et te
Stergiouetal, 19982 189 Treated 42% 57 0.42 0.71/0.78
Comasetal, ' WCH 70 O NR
Llisterrietal, ' ri KO ! 1 q [, \lh N o NR
Stergiouetal., UnTreated 50% 56 52 0. 0.71/0.69°
Treated 50% 59 86 46 0.64/0.652
Martinez etal., 2 64 NR
McGowan and w a NR ~ NR 0.72/0.89
Padfield, 2010
Stergiou et al., 2010 Treated 81 83 0.59 0.52/0.85
(=3 drugs)
Agarwal etal, 2006 104 Hemodialysis H 80 84 NR NR NR NR
Wuhl et al., 200421 110  Children, chronic H 52 82 NR NR NR 0.72¢
renal failure
Stergiouetal, 200822 102 Children, H 55 92 74 82 0.50
untreated WCH 89 92 70 98 0.73 0.66/0.66

Stergiou GS et al. Am J Hypertens 2011;24:123 MH 36 96 50 93 0.36



Screening
diagnosis
Treatment
titration

Follow-up

CLINICAL USE OF

OFFICE AND OUT-OF-OFFICE BP MEASUREMENTS

+++

++

Routine screening of
untreated patients
and follow-up of
treated ones

++ +++
+++ ++
+++ +

Preferred method for Preferred method
long-term follow-up of  for initial diagnosis
treated hypertensives  of hypertension
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