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Table 1. Classi�cations of BPV

Very short-term 
BPV

Short-term 
BPV

Mid-term 
BPV

Long-term 
BPV

Measurement 
frequency

Continuous  
beat-to-beat or 
across several beats

Every 15-30 
minutes within 
24 hours (day 
vs night)

Between days Weeks, 
months, years

Measurement 
method

Intra-arterial lines, 
hotoplethysmography, 
tonometry

ABPM, o�ce 
BP

O�ce BP, 
home BP, 
ABPM

O�ce BP, 
home BP, 
cu�ess BP 
(not generally 
accepted in 
the clinical 
community)

Use case Assessment 
of autonomic 
cardiovascular 
modulation

Evaluation of 
the 24-hour 
BP pro�le 
and circadian 
rhythm pa�ern

Long-term BP 
monitoring

Long-term BP 
monitoring

Background
As described in the most recent update to the FDA pressor e�ect guidance, 

24-hour ambulatory blood pressure monitoring (ABPM) is the recommended 

methodology to assess potentially relevant blood pressure (BP) e�ects of a drug 

intended for long term use (>12 weeks).1 The guidance additionally describes the 

importance of proper technique for intermi�ent clinic BP measurement in clinical 

trials. This is relevant to characterize the dose or exposure response relationship 

of any BP e�ect and to serve as part of the overall safety monitoring program, 

particularly for drugs with a potential hypertensive e�ect. Best practice BP 

collection bolsters the accuracy of results and reduces variability, also critically 

important when assessing e�cacy rather than safety, as is the case for drugs 

intended to treat hypertension.2

Blood pressure variability (BPV) is classi�ed depending on the time interval across 

which the variability is observed (Table 13,4). Short-term variability often refers to 

BPV seen within a 24-hour period, typically collected using ABPM. Very 

short-term variability refers to the di�erences in BP measurements across heart 

beats using non-invasive tonometry, intra-arterial lines or photoplethysmography. 

The time interval between BP measurements collected with replicate in�ations 

during o�ce visits in clinical trials is usually 1 minute to 5 minutes and falls between 

very short-term and short-term BPV. Clario prefers to use the term ‘within session’ 

BPV to describe the variability of systolic BP (SBP) and diastolic BP (DBP) recorded 

just minutes apart using standard brachial cu� oscillometric methods.
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Historically, o�ce BP measurements collected in clinical trials have been 

reported as single measurements per time point or as the mean of a set of serial 

measurements without capturing the individual in�ation readings. Several large 

clinical trials (NHANES5, KNHANES6 and BP-CARE7) used auscultatory methods 

to capture replicate measurements using di�erent recording methods (mercury 

or aneroid sphygmomanometers), while others have used oscillometric devices 

(Sprint trial8 and Maastricht study9). 

Within the scienti�c community and clinical trial arena, no universally accepted 

guidelines have been established on how to best measure BP within the clinic. 

While there has been ongoing discussion on the topic, there is, for example, no 

consensus on the exact number of BP replicates to use or which measurements 

from the replicate set should be included in the time point mean calculation.10,11

At Clario, we have seen the following BP measurement sequences across 

di�erent studies:

 � Capture four consecutive readings, excluding the �rst, and take the average 

of the last three.

 � Capture three consecutive readings, and generate the average of all three.

 � Capture three consecutive readings, and generate the average of readings 

two and three, excluding reading one.

 � Capture �ve consecutive readings, and generate the average of readings four 

and �ve, excluding readings one to three.

BPV is impacted when data collection and analysis are not standardized within 

the clinical trial BP assessment.
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Within-session blood pressure variability seen across 
clinical studies at Clario
Clario o�ers an o�ce BP solution that includes devices validated according to the 

ANSI/AAMI/ISO 2013, ESH-IP 2002 and BHS 1993 protocols. Additional studies 

have been performed with these devices in relevant patient populations such 

as those with chronic kidney disease, pre-eclampsia or atrial �brillation. These 

speci�c population studies, as is typical for most validation studies, are relatively 

small studies compared with the large clinical trials Clario supports through our 

centralized clinic BP services. Our solution allows con�guration of a rest period 

prior to the start of the �rst in�ation, the number or in�ations per time point and 

the time elapsed between in�ations. All data are stored in the system, and rules 

can be implemented on which data should be used to calculate the mean BP for 

the time point. 

We have reviewed the data from studies enrolling both hypertensive and 

normotensive patients using our o�ce BP solution (Table 2). All measurements 

were collected with the study participant in a si�ing position. The data from 

the �rst three measurements in a session were used in the analysis with a 1- to 

3-minute interval between measurements. On average, the SBP recorded during 

the �rst in�ation was higher than the last two in�ations in both populations, 

justifying why, in some clinical trials, the decision is made to exclude the �rst 

measurement and use the average of the last two measurements as the time 

point estimate.

Table 2. Mean SBP measurements across consecutive in�ations

Parameter Population
In�ation 1, 
mean±SD

In�ation 2, 
mean±SD

In�ation 3, 
mean±SD

SBP (mmHg) Hypertensive patients 145.7±18.90 

(N=14,988)

144.9±18.44 

(N=15,204)

144.7±18.30 

(N=15,212)

  Normotensive 

non-healthy patients

124.74±14.79 

(N=7,397)

123.01± 13.96 

(N=7,366)

121.68±13.40 

(N=7,322)
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Table 3. Categorical analysis of absolute SBP changes between consecutive 

in�ations seen in hypertensive patients

|ΔSBP|: absolute di�erences in SBP

Table 4. Categorical analysis of absolute SBP changes between consecutive 

in�ations seen in normotensive patients

|ΔSBP|: absolute di�erences in SBP

Parameter Category In�ation 1 vs 2 In�ation 2 vs 3

|ΔSBP| Total observations 7,365 7,316

Within 10 mmHg across all 

replicates, N (%)
6,125 (83.16) 6,281 (85.85)

Within 20 mmHg across all 

replicates, N (%)
7,025 (95.38) 7,060 (96.50)

Within 30 mmHg across all 

replicates, N (%)
7,232 (98.19) 7,230 (98.82)

Parameter Category In�ation 1 vs 2 In�ation 2 vs 3

|ΔSBP| Total observations 14,945 15,151

Within 10 mmHg across 

all replicates, N (%)
11,444 (76.57) 11,738 (77.47)

Within 20 mmHg across 

all replicates, N (%)
14,077 (94.19) 14,287 (94.30)

Within 30 mmHg across 

all replicates, N (%)
14,687 (98.27) 14,907 (98.39)

In studies of hypertensive patients, the absolute di�erences in SBP (|ΔSBP|) 

between in�ations 1 and 2 were within 10, 20 and 30 mmHg for 76.7%, 94.2% and 

98.3% of the sessions, respectively (Table 3). In normotensive patients, higher 

stability between consecutive measurements was observed. The |ΔSBP| between 

in�ations 1 and 2 were within 10, 20 and 30 mmHg for 83.2%, 95.4% and 98.2% 

of the sessions, respectively (Table 4). A similar trend was seen in di�erences 

between in�ations 2 and 3, indicating that the changes seen across in�ations are 

not solely due to an acclimatization to the procedure.
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We also performed an analysis to determine how many BP sessions would have 

needed to be repeated in case at least one of the consecutive measurement 

pairs was above a pre-set threshold (i.e., either in�ation 1 vs 2 or in�ation 2 vs 

3 was above the threshold; Table 5). These data show that 9.7% of the sessions 

conducted in hypertensive patients would have to be repeated if a threshold of 

20 mmHg was used. In normotensive patients, 6.8% of the sessions would have to 

be repeated using this threshold. These results indicate that within-session BPV 

may be higher in hypertensive patients than in normotensive patients.

Table 5. Frequency of exceeding pre-de�ned systolic BP thresholds of 10, 20 and 

30 mmHg in hypertensive and normotensive patient populations

|ΔSBP|: absolute di�erences in SBP

Within-session blood pressure variability 
in published trials
We performed a literature search to investigate if the within-session BPV reported 

in the literature di�ers signi�cantly from the variability we have observed in studies 

supported by Clario. A search was performed using pubmed.ncbi.nlm.nih.gov 

speci�cally focusing on articles in which the BP measurements were performed in 

close succession. We only selected articles published within the past 12 years since 

BP methodology and thoughts on BPV have changed extensively in the recent 

decade. The most relevant hits were found when combining “blood pressure” and 

“within visit” as keywords. 

Hypertensive patients Normotensive patients

Total observations 15,197 7,366

|ΔSBP| >10 mmHg in�ation 1 vs 2 

or in�ation 2 vs 3, N (%)
5,491 (36.1) 1,838 (25.0)

|ΔSBP| >20 mmHg in�ation 1 vs 2 

or in�ation 2 vs 3, N (%)
1,472 (9.7) 498 (6.8)

|ΔSBP| >30 mmHg in�ation 1 vs 2 

or in�ation 2 vs 3, N (%)
442 (2.9) 192 (2.6)

http://pubmed.ncbi.nlm.nih.gov
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The main conclusions from the literature review are described in the 

following sections.

Large di�erences between consecutive measurements using both 

oscillometric and auscultatory methods

 � Papaioannou TG et al, using auscultatory methods, showed a maximum 

absolute di�erence >10 mmHg within triplicate SBP and DBP readings in 

12.9% and 13% of the triplicates, respectively.12

 � Lacruz et al, using oscillometric methods, showed that ~20% of the study 

participants had SBP di�erences >10 mmHg and DBP di�erences >5 mmHg 

between in�ations 1 and 2.13 SBP changes >40 mmHg were seen.

 � Okada R et al showed that 75.4% of the consecutive measurements had 

ΔSBP ≤10 mmHg and 93.8% had ΔSBP ≤20 mmHg. The BP collection method 

was not described.14

 � Li Y et al, using oscillometric methods, showed that 14.2% of the replicate 

in�ations had a maximum di�erence >19 mmHg between the lowest and 

highest SBP measurements in a triplicate. Absolute values ranged between  

0 and 52 mmHg for SBP and 0 and 34 mmHg for DBP.15

Causes for within-session variability

Both intrinsic and extrinsic factors contribute to BPV.16,17 Intrinsic factors include 

autonomic tone, neurological and humoral state, vascular, rheological as 

well as renal and genetic diseases. Extrinsic factors include environmental, 

emotional and therapeutic treatment e�ects, along with behavioral elements. 

�nally, inappropriate BP monitoring techniques can also have an impact on the 

accuracy of the measurement.4

There are no published studies nor consensus statements on the factors that 

contribute to within-session BPV, but some factors that in�uence short-term 

BPV individually or in combination include the following6,14: 

 � Older age

 � Comorbid diseases (e.g., diabetes, chronic kidney disease, atherosclerosis) 

 � Increased sympathetic nerve activation (in�uenced by the participant’s 

neurological and emotional state) 

 � Respiratory status

 � Increased arterial sti�ness

 � Decreased barore�ex function (related to an exaggerated pressor response 

in reaction to mental and physical stimuli)
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Relationship between blood pressure variability 

and cardiovascular risk

The potential association between within-session BPV and increased 

cardiovascular risk and mortality remains unclear. Muntner et al suggested 

that the variability in BP assessed over a short period (within a clinical visit) may 

re�ect conditions surrounding the measurement of BP or measurement errors 

rather than re�ecting a true biologic factor with prognostic importance.18 Their 

�ndings suggest that short-term within-visit BPV is not associated with an 

increased risk for all-cause or CVD mortality. A similar conclusion was made by 

Shu�e et al regarding the association of within-visit BPV with total mortality and 

fatal and nonfatal cardiovascular events.19 More recent publications, however, 

have shown an association between BPV and cardiovascular risk.20 Papaioannou 

et al concluded, based on the same dataset as Muntner et al, that within-visit 

variability of 3 sequential DBP measurements is a signi�cant predictor of all-

cause mortality, independent of demographic and clinical characteristics.21 The 

European Society of Hypertension (ESH) position paper by Parati et al states: 

“Elevated short-term BP variability and nocturnal BP non-dipping are associated 

with higher cardiovascular risk.” No thresholds were de�ned.16

Best practices to reduce within-session 
blood pressure variability
Although some BPV is physiologically inherent to patient characteristics, all 

e�orts should be made to reduce variability introduced artifactually by the 

assessment methodology. This can be done by assuring that well-validated and 

appropriate clinic BP equipment is used, site personnel are properly trained in 

best practice methods and the patients receive instruction on best practices to 

ensure successful clinic BP assessments (Table 6).4,22,23,24
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Table 6. Best practices for seated o�ce blood pressure measurement collection

Blood pressure device requirements

 � Use a blood pressure device that has been properly validated according to industry standards 
and preferably clinically tested in the intended study population.

 � Use the same device for all visits for a given participant and preferably across all sites in a clinical trial.

 � Ensure cu�s and devices are validated together. Using cu�s from a di�erent manufacturer can 
result in erroneous measurements.

Site sta� training

 � All site personnel involved in the collection of blood pressure measurements need to complete 
proper training prior to performing the �rst measurements. This includes training on how to 
operate the supplied equipment and how to prepare and instruct a participant prior to starting 
the measurements. Site personnel should not talk during the rest and measurement periods.

Participant instructions

 � The participant should be instructed not to smoke, drink ca�einated or alcoholic beverages or 
exercise within 0.5 hour prior to the blood pressure measurement.

 �  The participant should empty a full bladder prior to the blood pressure measurement.

 � The participant should be placed in a room with a comfortable temperature in the seated 
position for at least �ve minutes prior to blood pressure readings.

 � The participant should sit with their legs uncrossed, feet �at on the ground and back supported. 

 � Use the appropriate cu� size. Cu�s that are too tight can result in falsely high measurements, 
while cu�s that are too loose can generate lower measurements.

 � Place the cu� on the bare arm, not over clothing as this may signi�cantly increase systolic blood 
pressure. Do not roll up sleeves as this may produce a tourniquet e�ect.

 � At the �rst visit, record blood pressure for both arms, and use the arm with the highest reading 
for all following measurements.

 � The arm should be supported, and the mid-arm should be at heart level. 

 � The participant should remain si�ing quietly in the appropriate position and avoid conversations, 
TV, phones or other distractions.

 � Take a minimum of three measurements per session (1-3 minutes between replicate in�ations). 
Pre-specify the method for calculating the time point mean (e.g., average of all three in�ations, 
average of in�ations 2 and 3 only). 

 � Consider inclusion of a threshold for the di�erence between replicate in�ation results that will 
trigger a repeat session.
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Summary
Within-session BPV is a well-described phenomenon that should be anticipated 

during clinical trial conduct. It is unclear whether this represents true physiologic 

changes in BP, is partly artefactual due to failure to follow best practice 

techniques during BP collection or is due to poor performance of a device’s 

algorithm to determine BP accurately from the oscillometric waveform. There is 

currently no consensus as to what magnitude of di�erence between BP readings 

is too large to accept. The within-session BPV we have observed in clinical trials is 

consistent with the variability described in the published literature. 

BPV can be minimized using standardized devices and procedures across all 

study sites, with a particular focus on site sta� training to ensure best practices 

are followed. Clario’s experience with BPV provides not just a benchmark for 

comparison to other trials but also an opportunity to be�er understand the 

sources of BPV. This experience also allows the opportunity to implement 

mitigation strategies proactively or during a study if higher than expected 

variability is observed. An understanding of this expected variability can also 

in�uence study design, sample size and data analysis strategies. The experts 

and scientists at Clario are using this knowledge and experience to implement 

measures to mitigate and reduce BPV within our supported trials. Our data 

suggest that acceptability criteria for within-session variability with automated 

oscillometric BP devices should be established, including a threshold for repeating 

the session if excess variability is observed. The learnings produced from these 

e�orts will bene�t sponsors, sites and study participants while maximizing data 

quality and reliability of study results.

Acknowledgements
The authors would like to thank Borje Darpo, M.D., Ph.D., and Alain Gay, M.D., 

for their input and review of this white paper.



Within-session blood pressure variability in clinical trials

12

References
1. Assessment of Pressor E�ects of Drugs Guidance for Industry, Draft Guidance 

for Industry, February 2022. h�ps://www.fda.gov/regulatory-information/

search-fda-guidance-documents/assessment-pressor-e�ects-drugs-

guidance-industry.

2. E12A Principles for Clinical Evaluation of New Antihypertensive Drugs, August 

2020. h�ps://www.fda.gov/regulatory-information/search-fda-guidance-

documents/e12a-principles-clinical-evaluation-new-antihypertensive-drugs.

3. Parati G, Ochoa JE, Lombardi C, Bilo G. Blood pressure variability: 

assessment, predictive value, and potential as a therapeutic target. Curr 

Hypertens Rep 2015;17(4):537. doi: 10.1007/s11906-015-0537-1.

4. Schu�e AE, Kollias A, Stergiou GS. Blood pressure and its variability: classic 

and novel measurement techniques. Nat Rev Cardiol 2022;19(10):643-654. 

doi: 10.1038/s41569-022-00690-0.

5. CDC. National Health and Nutrition Examination Survey (NHANES): Physician 

Examination. Procedures Manual, 2007. h�ps://wwwn.cdc.gov/nchs/data/

nhanes/2007-2008/manuals/manual_pe.pdf.

6. Shin JH, Shin J, Kim BK, Lim YH, Park HC, Choi SI, Kim SG, Kim JH. Within-visit 

blood pressure variability: relevant factors in the general population. J Hum 

Hypertens 2013;27(5):328-34. doi: 10.1038/jhh.2012.39.

7. Grassi G, Cifkova R, Laurent S, Narkiewicz K, Redon J, Farsang C, Viigimaa 

M, Erdine S, Brambilla G, Bombelli M, Dell’Oro R, Notari M, Mancia G. Blood 

pressure control and cardiovascular risk pro�le in hypertensive patients from 

central and eastern European countries: results of the BP-CARE study. Eur 

Heart J 2011;32(2):218-25. doi: 10.1093/eurheartj/ehq394.

8. SPRINT Research Group: Wright JT Jr, Williamson JD, Whelton PK, Snyder 

JK, Sink KM, Rocco MV, Reboussin DM, Rahman M, Oparil S, Lewis CE, 

Kimmel PL, Johnson KC, Go� DC Jr, �ne LJ, Cutler JA, Cushman WC, 

Cheung AK, Ambrosius WT. A randomized trial of intensive versus standard 

blood-pressure control. N Engl J Med 2015;373(22):2103-16. doi: 10.1056/

NEJMoa1511939. Erratum in: N Engl J Med. 2017;377(25):2506.

9. Schram MT, Sep SJ, van der Kallen CJ, Dagnelie PC, Koster A, Schaper N, 

Henry RM, Stehouwer CD. The Maastricht Study: an extensive phenotyping 

study on determinants of type 2 diabetes, its complications and its 

comorbidities. Eur J Epidemiol 2014;29(6):439-51. doi: 10.1007/s10654-014-

9889-0.

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/assessment-pressor-effects-drugs-guidance-industry
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/assessment-pressor-effects-drugs-guidance-industry
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/assessment-pressor-effects-drugs-guidance-industry
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/e12a-principles-clinical-evaluation-new-antihypertensive-drugs
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/e12a-principles-clinical-evaluation-new-antihypertensive-drugs
https://wwwn.cdc.gov/nchs/data/nhanes/2007-2008/manuals/manual_pe.pdf
https://wwwn.cdc.gov/nchs/data/nhanes/2007-2008/manuals/manual_pe.pdf


Within-session blood pressure variability in clinical trials

13

10. Stergiou GS, Palatini P, Parati G, O’Brien E, Januszewicz A, Lurbe E, Persu A, Mancia 

G, Kreutz R; European Society of Hypertension Council and the European Society 

of Hypertension Working Group on Blood Pressure Monitoring and Cardiovascular 

Variability. 2021 European Society of Hypertension practice guidelines for o�ce and out-

of-o�ce blood pressure measurement. J Hypertens 2021; 39(7):1293-1302. doi: 10.1097/

HJH.0000000000002843.

11. Andreadis EA, Geladari CV, Angelopoulos ET. The optimal use of automated o�ce blood 

pressure measurement in clinical practice. J Clin Hypertens (Greenwich) 2020;22(4):555-

559. doi: 10.1111/jch.13837.

12. Papaioannou TG, Protogerou AD, Stamatelopoulos KS, Alexandraki KI, Vrachatis D, 

Argyris A, Papaioannou V, Vavuranakis M, Stefanadis C, Tousoulis D. A cohort-based 

comprehensive characterization of di�erent pa�erns of very short-term, within-

visit, blood pressure variability. Blood Press Monit 2020;25(3):131-135. doi: 10.1097/

MBP.0000000000000435.

13. Lacruz ME, Klu�ig A, Kuss O, �ller D, Medenwald D, Nuding S, Greiser KH, Frantz 

S, Haerting J. Short-term blood pressure variability - variation between arm side, 

body position and successive measurements: a population-based cohort study. BMC 

Cardiovasc Disord 2017;17(1):31. doi: 10.1186/s12872-017-0468-7.

14. Okada R, Yasuda Y, Tsushita K, Wakai K, Hamajima N, Matsuo S. Within-visit blood 

pressure variability is associated with prediabetes and diabetes. Sci Rep 2015; 5:7964. doi: 

10.1038/srep07964.

15. Li Y, Liu J, Wang W, Zhao D. The association between within-visit blood pressure 

variability and carotid artery atherosclerosis in general population. PLoS One 

2014;9(5):e97760. doi: 10.1371/journal.pone.0097760.

16. Parati G, Bilo G, Kollias A, Pengo M, Ochoa JE, Castiglioni P, Stergiou GS, Mancia G, 

Asayama K, Asmar R, Avolio A, Caiani EG, De La Sierra A, Dolan E, Grillo A, Guzik P, 

Hoshide S, Head GA, Imai Y, Juhanoja E, Kahan T, Kario K, Kotsis V, Kreutz R, Kyriakoulis 

KG, Li Y, Manios E, Mihailidou AS, Modesti PA, Omboni S, Palatini P, Persu A, Protogerou 

AD, Saladini F, Salvi P, Sara�dis P, Torlasco C, Veglio F, Vlachopoulos C, Zhang Y. Blood 

pressure variability: methodological aspects, clinical relevance and practical indications 

for management - a European Society of Hypertension position paper. J Hypertens 

2023;41(4):527-544. doi: 10.1097/HJH.0000000000003363.

17. Rosei EA, Chiarini G, Rizzoni D. How important is blood pressure variability? Eur Heart J 

2020;22(Suppl E):E1-E6. doi: 10.1093/eurheartj/suaa061.

18. Muntner P, Levitan EB, Reynolds K, Mann DM, Tonelli M, Oparil S, Shimbo D. Within-visit 

variability of blood pressure and all-cause and cardiovascular mortality among US 

adults. J Clin Hypertens (Greenwich) 2012;14(3):165-71. doi: 10.1111/j.1751-7176.2011.00581.x.



Within-session blood pressure variability in clinical trials

14

19. Schu�e R, Thijs L, Liu YP, Asayama K, Jin Y, Odili A, Gu YM, Kuznetsova T, Jacobs L, 

Staessen JA. Within-subject blood pressure level--not variability--predicts fatal and 

nonfatal outcomes in a general population. Hypertension 2012;60(5):1138-47. doi: 10.1161/

HYPERTENSIONAHA.112.202143.

20. Grassi G, Seravalle G, Maloberti A, Facche�i R, Cuspidi C, Bombelli M, Laurent S, Redon J, 

Mancia G. Within-visit BP variability, cardiovascular risk factors, and BP control in central 

and eastern Europe: �ndings from the BP-CARE study. J Hypertens 2015;33(11):2250-6. 

doi: 10.1097/HJH.0000000000000700.

21. Papaioannou TG, Georgiopoulos G, Stamatelopoulos KS, Protogerou AD, Alexandraki 

KI, Argyris A, Vrachatis DA, Soulis D, Papanikolaou A, Manolesou D, Daskalopoulou SS, 

Tousoulis D. Blood pressure variability within a single visit and all-cause mortality. Neth J 

Med 2020;78(4):175-182. PMID: 32641542.

22. Muntner P, Shimbo D, Carey RM, Charleston JB, Gaillard T, Misra S, Myers MG, Ogedegbe 

G, Schwartz JE, Townsend RR, Urbina EM, Viera AJ, White WB, Wright JT Jr. Measurement 

of blood pressure in humans: a scienti�c statement from the American Heart Association. 

Hypertension 2019;73(5):e35-e66. doi: 10.1161/HYP.0000000000000087.

23. Kallioinen N, Hill A, Horswill MS, Ward HE, Watson MO. Sources of inaccuracy in the 

measurement of adult patients’ resting blood pressure in clinical se�ings: a systematic 

review. J Hypertens 2017;35(3):421-441. doi: 10.1097/HJH.0000000000001197.

24. Handler J. The importance of accurate blood pressure measurement. Perm J. 2009 

Summer;13(3):51-4. doi: 10.7812/TPP/09-054.



© 2024 Clario.  All rights reserved.

About Clario

Clario is a leading healthcare research and technology 
company that generates be�er clinical evidence for our 
pharmaceutical, biotech, and medical device partners. We 
have the only evidence generation platform in the industry that 
combines eCOA, cardiac safety, medical imaging, precision 
motion, and respiratory endpoints.  

Clario’s global team of science, technology, and operational 
experts have helped deliver over 26,000 trials and contributed 
to over 800 regulatory approvals in more than 100 countries. 
For more than 50 years, we have delivered deep scienti�c 
expertise and the most comprehensive endpoint technologies to 
help transform lives around the world.

@clario-inc/clarioclinical @clario

https://www.linkedin.com/company/clario-inc/
https://www.facebook.com/clarioclinical
https://twitter.com/Clario

	Background
	Within-session blood pressure variability seen across clinical studies at Clario
	Within-session blood pressure variability
in published trials
	Large differences between consecutive measurements using both
oscillometric and auscultatory methods
	Causes for within-session variability
	Relationship between blood pressure variability
and cardiovascular risk

	Best practices to reduce within-session
blood pressure variability
	Summary
	References

