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Abstract
Background:  The diagnosis and management of arterial hypertension is based on office blood pressure measurement. However, 
the International Guidelines for Arterial Hypertension recommend different blood pressure (BP) measurement procedures.  In this 
regard, our study aims to determine the existence of any difference between various blood pressure protocols. 
Methods: Adult participants (≥18 years) were analyzed through a blood pressure screening campaign that occurred during May 
Measurement Month 2024 in Morocco. Four blood pressure readings were taken for each individual: the first without preliminary rest, 
and the remaining three after five minutes of rest, each one minute apart from the others. Three comparisons between the arithmetic 
mean of the last two measurements (P23) on one hand, and each of the following: a) the measurement without rest (P-5), b) the 
first measurement at rest (P1), and c) the arithmetic mean of the three measurements at rest (P123), on the other hand, were done.
Results: A total of 1,421 subjects participated in our survey (mean age 47.98 ± 16.09 years old, 51.2% women). The mean systolic 
BP of P-5, P1, P123, and the mean of the last two readings (P23) were 130.63 ± 20.27, 128.19 ± 19.92, and 126.69 ± 18.97 
respectively. When comparing the obtained values with P23, a statistically significant difference was found (p<0,001). 
Conclusion: Our findings confirm that different blood pressure values obtained with different BP measurement procedures can 
eventually influence clinical evaluation and the physician’s decision of arterial hypertension diagnosis, stating the necessity of 
developing a standardized BP measurement procedure for BP evaluation worldwide. 
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Introduction

Arterial hypertension (HTN) is the most common modifiable 
preventable risk factor for cardiovascular, cerebrovascular, and renal 
disease and their associated morbidity and mortality rates worldwide.
[1,2,3,4,5,6] According to recently published guidelines, the treatment and 
control of arterial HTN are mainly based on office blood pressure 
measurement (OBPM), requiring confirmation on at least one 
additional subsequent office visit, or out-of-office evaluation.[6,7] 

Therefore, OBPM remains an essential tool for BP evaluation, either 
for treatment recommendations or research purposes.[2,8] However, 
the recommended OBPM procedures in these guidelines differ 
widely.[9,10,11] 

The proper technique for measuring BP detailed in International 
Guidelines for Arterial Hypertension is to record at least three BP 
measurements, discarding the first measurement and averaging 
the last two readings.[12] The latest European Society of Cardiology 
guidelines for the management of arterial hypertension, and the 2020 
International Society of Hypertension Global Hypertension Practice 
Guidelines define the diagnosis of arterial hypertension based on the 

mean of the second and third readings after five minutes of rest, with 
additional blood pressure measurement if the first two measurements 
vary by more than 10 mmHg, known as the gold standard of BP 
evaluation in Europe.[13,14] However, multiple studies have not applied 
these recommendations, and instead of discarding the first reading 
and taking the mean of the last two measurements, they calculated 
the mean of the three readings without discarding the first one.[15,16,17]

This non-adhesion to recommended guidelines of OBPM 
procedures has led to widespread criticism regarding its 
reproducibility in clinical practice and its potential repercussions on 
the management of arterial hypertension.[18] Given that evidence-
based medicine recommendations are founded based on these 
studies, it is essential to acknowledge that different BP measurement 
procedures can lead to different BP values and, consequently, 
different arterial HTN classifications.[8]

In this regard, the aim of the present study was to compare three 
BP measurement procedures, namely single reading without rest (P-
5), first single reading after 5 minutes of rest (P1) and the mean of all 
three readings at rest (P123), each of the three above to the mean of 
the last two readings (P23). 
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Methods 

1. Patient recruitment 
During May 2024, volunteer adults (≥18 years) were recruited 

via a blood pressure screening campaign in the context of the 
international initiative of May Measurement Month in Morocco.

Screenings occurred at various locations: down town, park and 
gardens. This campaign has also determined the prevalence of 
arterial HTN in Morocco.[19]

2. Ethical aspects 
The study protocol was approved by the Research Ethics 

Committee of the University Hospital of Tangier (AC68FV/2024). 

3. Blood pressure measurement procedure 
All blood pressure readings were performed in a seated position. 

The first blood pressure reading was recorded without rest, and then, 
after five minutes of rest, three consecutive blood pressure readings 
were recorded at one-minute intervals. All BP measurements were 
recorded in a seated position with back and arm supported and 
legs uncrossed, using an adequate upper arm cuff of a validated 
automated blood pressure monitor OMRON HEM9200T (Omron 
Healthcare, Kyoto, Japan).[20,21]

4. Calculation of blood pressure values 
In total, four BP readings from each participant were used (one 

reading without five minutes of rest and three consecutive BP 
readings with one-minute intervals) to calculate systolic and diastolic 
BP values: 
-	 First method (P-5): the first reading without five minutes of rest. 
-	 Second method (P1): the first reading after five minutes of rest. 
-	 Third method (P123): the mean of the three BP readings after 

five minutes of rest.
-	 Fourth method (P23): the mean of the last two readings after five 

minutes of rest. 

For analysis, the fourth method (P23) was considered as the 
gold standard (GS) for arterial hypertension diagnosis. The first 
comparison consists of comparing (P-5) with the GS, the second 
comparison consists of comparing (P1) with the GS, and the third 
comparison consists of comparing (P123) with the GS. 

5. Classification of arterial hypertension 
All calculated BP values were classified as non-hypertensive/

hypertensive for participants without a previous diagnosis of 
hypertension based on the up-to-date European Society of 
Cardiology guidelines for arterial hypertension.[14] When exploring 
the repercussions of different BP values on the diagnosis of HTN, 
the study population was stratified into two categories: patients 
with a previous diagnosis of HTN, and subjects without a previous 
diagnosis of arterial HTN. For a clear interpretation each category 
was classified into a dichotomous group: controlled/uncontrolled 
hypertensive and non-hypertensive/hypertensive. Therefore, 
individuals without a previous diagnosis of hypertension with a 

systolic BP≥140 mmHg or diastolic BP≥90 mmHg were classified 
as hypertensive. Participants with an established diagnosis of 
arterial hypertension were classified as controlled hypertensive 
if their systolic BP<140 mmHg and diastolic BP<90 mmHg, and 
uncontrolled hypertensive if their systolic BP≥140 mmHg or diastolic 
BP≥90 mmHg.

6. Statistical analysis
The data were collected and transposed on an Excel 

spreadsheet and then analyzed using the Statistical Package for 
Social Sciences SPSS software version 26.0. The description of 
study variables was carried out using measures of central tendency 
and dispersion; continuous data were reported as mean ± standard 
deviation (SD), and categorical variables were described as effective 
and percentage N (%). A t-test for paired data was used to compare 
BP values obtained with the three methods. The effect size of the 
difference of the means of BP values was assessed using Cohen’s D 
(classifying the effect size as a small, medium, and large effect for D 
0.20–0.49, D 0.50–0.79, and D≥0.80 respectively). McNemar’s test 
on paired proportions and Cohen’s Kappa coefficient were used to 
evaluate the level of agreement between the different BP methods 
when classifying subjects as non-hypertensive/hypertensive for 
participants without previous diagnosis of hypertension, and as 
controlled/uncontrolled hypertension for patients with established 
diagnosis of hypertension. 

Results 

A total of 1,421 subjects participated in our study. The mean age 
of the study participants was 47.98 ± 16.09 years, of whom 51.2% 
were women. Moreover, 247 participants had previous diagnoses 
of hypertension, accounting for 17.4% of the study population. The 
main characteristics of the analyzed sample are summarized in 
Table 1.

The comparison between systolic blood pressures of each of the 
first three measurement modalities and the systolic BP of the GS 
showed a statically significant difference (p<0.001) (Table 1). The 
comparison between the diastolic blood pressures of each of the 
first two measurements modalities (P-5 and P1) and the diastolic 
BP of the GS has also shown a statistically significant difference. 
However, there was no statistically significant difference between 
the diastolic BP of the mean of the three readings (P123) and the 
mean of the second and third readings (Table 2). Figure 1 represents 
Bland-Altman plots comparing the mean difference between systolic 
and diastolic BP of all study participants.

1. Systolic and diastolic blood pressure values (Tables 1 and 2)
First comparison: P-5 versus GS 
The mean systolic BP with the first reading without five minutes 

rest was 130.63 ± 20.27 mmHg, versus 125.94 ± 18.76 mmHg with 
the GS (mean difference 4.68 ± 9.26; Cohen’s D=0.239; p<0.001). 
The mean diastolic BP was 81.67±11,68 versus 80.48 ± 10.9 mmHg 
(mean difference of 12.28 ± 9.71; Cohen’s D = 0.104; p=0.004).
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based on the first reading without 5 minutes of rest (P-5). On the 
contrary, 45.6% (164/360) of subjects classified as non-hypertensive 
based on the first reading without 5 minutes rest (P-5) are considered 
hypertensive with the GS. 

The first reading after 5 min rest (P1) and the GS objectify a 
fair level of agreement (Kappa value = 0.270), a percentage of 
53.9% (256/475) of participants considered non-hypertensive based 
on the gold standard would have been classified as hypertensive 
based on the first reading after 5 minutes of rest. On the contrary, 
39.2% (141/360) of the participants classified as non-hypertensive 
based on the first reading after 5 minutes of rest (P1) are considered 
hypertensive with the GS.

Moreover, the level of agreement between the mean of P123 and 
the GS showed a Kappa value of 0.436. Only 32.9% (92/280) of 
participants classified as non-hypertensive based on the GS would 
have been considered hypertensive with the mean of the P123. 
On the contrary, 47.8% (172/360) of participants classified non-
hypertensive with the mean of P123 are considered hypertensive 
with the GS (Table 3).

Classification of arterial hypertension as controlled 
and uncontrolled for patients with previous diagnosis of 
hypertension:

The level of agreement between the first reading without 5 min 
of rest (P-5) versus the GS for participants with previous diagnoses 
of HTN was 0.456 (McNemar’s test p<0.001). 26.7% (44/165) of the 

Second comparison: P1 versus GS 
The mean systolic BP with the first reading after five minutes 

rest was 128.19 ± 19.92 mmHg, versus 125.94 ± 18.76 mmHg with 
the mean of the GS (mean difference 2.25 ± 7.9; Cohen’s D=0.116; 
p<0.001). The mean diastolic BP was 82.30 ± 11.23 versus 80.48 
± 10.9 mmHg (mean difference 1.81 ± 15.29; Cohen’s D=0.163; 
p<0.001).

Third comparison: P123 versus GS
The mean systolic BP with the mean of P123 was 126.69 ± 18.79 

mmHg, versus 125.94 ± 18.76 mmHg with the mean of the GS (mean 
difference 0.75 ± 2.63; Cohen’s D=0.039; p<0.001). Whereas, no 
statistically significant difference (p˃0.05) was found between the 
mean difference (0.60 ± 14.85 mmHg) between diastolic BP of P123 
and P23.

2. Blood pressure classification and arterial hypertension 
diagnosis (Tables 3 and 4)

The diagnosis of arterial hypertension for subjects without 
established hypertension:

The agreement between the first reading without 5 min rest and 
the gold standard for classifying participants without an established 
diagnosis of hypertension as non-hypertensive/hypertensive 

showed a Kappa value = 0.333 (McNemar’s test p<0.001). A 
percentage of 46.6% (171/367) of participants classified as non-
hypertensive with the GS would have been considered hypertensive 

Table 1 -  Differences in systolic blood pressure values using three methods.

Methods of 
measurements

Mean systolic BP 
of alternative measurement 

method
 Mean ± SD

Mean systolic BP of the 
mean of the last       
2 readings (GS)

Mean ± SD

Difference in systolic BP 
between both methods 

Mean ± SD
p value Cohen’s D

P-5 vs GSa 130.63±20.27 125.94±18.76 4.68±9.26 <0.001* 0.239
P1 vs GSb 128.19±19.92 125.94±18.76 2.25±7.90 <0.001* 0.116

P123 vs GSc 126.69±18.79 125.94±18.76 0.75±2.63 <0.001* 0.039

BP, Blood Pressure; SD, Standard Deviation, 
a: First method: First reading without 5 minutes of rest (P-5) versus the mean of the second and third readings (GS)
b: Second method: First reading after 5 minutes of rest (P1) versus the mean of the second and third readings (GS)

C: Third method: Mean of three readings after five minutes of rest (P123) the mean of the second and third readings (GS)

Table 2 - Differences in diastolic blood pressure values using three methods.

Methods of 
measurements

Mean diastolic BP 
of alternative measurement 

method
Mean ± SD

Mean diastolic BP of the 
mean of the last       
2 readings (GS)

Mean ± SD

Difference in diastolic BP 
between both methods

Mean ± SD
p value Cohen’s D

P-5 vs GSa 81.67±11.68 80.48±10.90 1.22±9.71 0.004* 0.104
P1 vs GSb 82.30±11.23 80.48±10.90 1.81±15.29 <0.001* 0.163

P123 vs GSc 81.08±10.59 80.48±10.90 0.60±14.85 0.126 0.056

BP, Blood Pressure; GS, Gold standard; SD, Standard Deviation; a: First method: First reading without 5 minutes of rest (P-5) versus the mean of 
the second and third readings (GS); b: Second method: First reading after 5 minutes of rest (P1) versus the mean of the second and third readings (GS); 

C: Third method: Mean of three readings after five minutes of rest (P123) the mean of the second and third readings (GS)
a: First method: First reading without 5 minutes of rest (P-5) versus the mean of the second and third readings (GS)
b: Second method: First reading after 5 minutes of rest (P1) versus the mean of the second and third readings (GS)

C: Third method: Mean of three readings after five minutes of rest (P123) the mean of the second and third readings (GS)
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Figure 1 - Bland-Altman plots comparing the difference between SYS-5, SYS1, SYS123 and SYS23 (panels A-B-C) and DIA-5, DIA1, DIA123 and DIA23 
(panels D-E-F) of all participants of our study.
SYS, Systolic; DIA, Diastolic

Table 3 - Diagnosis of arterial hypertension for patients without previous diagnosis of hypertension.

Blood pressure measurement methods Normal
N (%)

Hypertension
N (%) p value Kappa

P-5 vs GSa First reading without 5 min rest 807 (68.7) 367 (31.3)
< 0.001* 0.333

Mean of the 2nd and 3rd readings 814 (69.3) 360 (30.7)

P1 vs GSb First reading after 5 min rest 699 (59.5) 475 (40.5)
< 0.001* 0.270

Mean of the 2nd and 3rd readings 814 (69.3) 360 (30.7)

P123 vs GSc Mean of the 3 readings 894 (76.1) 280 (23.9)
< 0.001* 0.436

Mean of the 2nd and 3rd readings 814 (69.3) 360 (30.7)

GS, Gold standard; a: First method: First reading without 5 minutes of rest (P-5) versus the mean of the second and third readings (GS); b: Second 
method: First reading after 5 minutes of rest (P1) versus the mean of the second and third readings (GS); C: Third method: Mean of three readings after 

five minutes of rest (P123) the mean of the second and third readings (GS)
a: First method: First reading without 5 minutes of rest (P-5) versus the mean of the second and third readings (GS)
b: Second method: First reading after 5 minutes of rest (P1) versus the mean of the second and third readings (GS)

C: Third method: Mean of three readings after five minutes of rest (P123) the mean of the second and third readings (GS)
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reading only while using manual devices and suggest keeping the 
first BP if an automated device is used, while the 2025 American 
Heart Association and American College of Cardiology (AHA / ACC) 
guideline for the prevention, detection, evaluation and management 
of High Blood Pressure in Adults recommends averaging at least 
two consecutive BP readings at rest, without specifying discarding 
anyone of them or not. [29,30]

Our finding shows a statically significance difference between 
systolic blood pressure (SBP) values obtained with each procedure 
and the GS (p<0.001). A small effect size of the mean difference of 
SBP values was found in the three comparisons. 

These findings support the fact that this divergence in BP 
evaluation procedures demonstrated in our study by the three 
comparisons can ultimately lead to different BP results, either in 
systolic or diastolic BP values, and consequently lead to improper 
diagnoses and treatment of arterial HTN including overdiagnosis 
or underdiagnosis, and overtreatment or undertreatment of arterial 
HTN. 

When classifying hypertensive patients as controlled or 
uncontrolled hypertensive, a good measure of reliability can be 
inferred from the high level of agreement found in our study between 
the mean of P123 versus the GS (kappa=0.756) (Table 3). These 
findings are consistent with those assessed by cardiovascular risk and 
cardiovascular events in the general population from the Health Area 
of Toledo study (RICARTO) (kappa=0.788); a study that assessed 
BP values obtained by averaging three BP readings (P123) and the 
mean of the second and third readings after discarding the first one 
(P23). On the other hand, a moderate level of agreement was found 
while comparing the first reading without five minutes of rest with the 
GS, and the first reading with five minutes of rest (Kappa=0.456 and 
Kappa=0.5 respectively).[18] In contrast, a discordance was found 
between our findings and the RICARTO study, when classifying 
participants without previous diagnosis of HTN as non-hypertensive/
hypertensive. The three methods of measurements of our study 
showed a fair and moderate level of agreement compared to the GS. 
While a high level of agreement was found in the RICARTO study 
(kappa = 0.847).[18] In the same context, Alireza et al. compared the 

individuals classified as controlled hypertensive with the GS would 
have been classified as uncontrolled based on the first reading 
without 5 minutes of rest (P-5). On the other hand, 14.2% (20/141) 
of the individuals classified as controlled hypertensive based on the 
first reading without 5 minutes rest are considered uncontrolled with 
the GS. A Kappa value of the agreement between the first reading 
after 5 min of rest (P1) and the GS was 0.5. A percentage of 22.8% 
(34/149) of controlled hypertensives classified based on the GS are 
considered uncontrolled hypertensives based on the first reading 
after 5 minutes of rest (P1). On the other hand, 18.4% (26/141) of 
the individuals classified as controlled based on the first reading after 
5 minutes rest (P1) would have been considered not controlled with 
the mean of P23, and the Kappa value of the agreement between 
the mean of P123 versus the GS was 0.756 (Table 4).

Discussion

The diagnosis and control of arterial hypertension is based on 
office blood pressure measurement. Adopting a technically correct 
BP measurement is mandatory to minimize errors and discrepancies 
resulting from different BP measurement procedures.  This issue 
would eventually impair hypertension management, either for its first 
diagnosis for patients without a previous diagnosis of hypertension, 
or for therapeutic purposes for patients with an established diagnosis 
of hypertension. 

There is significant alignment on the fact that the more BP 
readings performed, the more precise the BP values obtained and 
less white coat effects occur.[8,22,23,24] The International Society of 
Hypertension and the European Society of Cardiology guidelines 
suggest taking three BP measurements and discarding the first 
BP reading.[13,8] On the other hand, Korean and Chinese guidelines 
require discarding the first reading only if BP values obtained differ 
by more than 10 mmHg compared to the first reading.[25,26] Japanese 
and South African recommendations suggest discarding the first 
reading if the BP of the two readings differs by just 5 mmHg or more.
[27,28] In contrast, the Canadian guidelines require discarding the first 

Table 4 - Diagnosis of arterial hypertension for patients with previous diagnosis of hypertension.

Blood pressure measurement methods Controlled HTN 
N (%)

Uncontrolled HTN
N (%) p value Kappa

P-5 vs GSa First reading without 5 min rest 82 (33.2) 165 (66.8)
< 0.001* 0.456

Mean of the 2nd and 3rd readings 106 (42.9) 141 (57.1)

P1 vs GSb First reading after 5 min rest 99 (39.7) 148 (60.3)
< 0.001* 0.500

Mean of the 2nd and 3rd readings 106 (42.9) 141 (57.1)

P123 vs GSc Mean of the 3 readings 118 (47.8) 129 (52.2)
< 0.001* 0.756

Mean of the 2nd and 3rd readings 106 (42.9) 141 (57.1)

GS, Gold standard; HTN, hypertension; SD, Standard Deviation, a: First method: First reading without 5 minutes of rest (P-5) versus the mean of the 
second and third readings (GS); b: Second method: First reading after 5 minutes of rest (P1) versus the mean of the second and third readings (GS); C: 

Third method: Mean of three readings after five minutes of rest (P123) the mean of the second and third readings (GS)
a: First method: First reading without 5 minutes of rest (P-5) versus the mean of the second and third readings (GS)
b: Second method: First reading after 5 minutes of rest (P1) versus the mean of the second and third readings (GS)

C: Third method: Mean of three readings after five minutes of rest (P123) the mean of the second and third readings (GS)
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difference between the first BP reading (P1), the second (P2), the 
mean of the first and second readings (P12), and then, the mean 
of the three readings (P123) with the mean of the gold standard 
(P23). In alignment with our findings, Alizera et al showed statistically 
significant differences between various blood pressure values 
obtained by each BP measurement procedures and the GS, for both 
systolic and diastolic BP values.[31]

These results confirm the previously mentioned problem of 
improper diagnosis and control of arterial hypertension, that arise 
from different blood pressure values resulting from different blood 
pressure evaluation procedures. Supporting the fact, that different 
methods of BP evaluation do not only affect systolic BP and diastolic 
BP values, but also has significant impacts on both the diagnosis 
and management of arterial hypertension. 

Therefore, searching for an optimal method for BP evaluation 
based on office blood pressure measurement remains a topical 
issue. This underscores the necessity of developing a standardized 
method of OBPM worldwide, enhancing the precision of the results 
obtained. 

Due to the high variability of different BP measurement procedures, 
studies have been conducted to defend the usefulness of out-of-
office BP assessments, namely home blood pressure measurement 
(HBPM), and 24-hour ambulatory blood pressure monitoring (24-hour 
ABPM) (based on more than 50 readings per 24 hours) in building 
an accurate diagnosis. Indeed recent recommendations require 
the need to adopt HBPM and 24-hour ABPM as a complementary 
method to validate the diagnosis of arterial HTN, to prevent white-
coat effect and masked hypertension, enabling a proper diagnosis 
of arterial HTN and avoiding unnecessary or insufficient treatment. 

[32,33] However, despite this growing scientific interest, OBPM remains 
the standard  in clinical practice because it occurs in standardized 
conditions, uses consistent and cost-effective methodology, and 
allows reliable comparison with established diagnostic BP thresholds 
and treatment guidelines.[34,35]

Strengths and limitations

The main limitation of our study is that BP measurements were 
taken in an out-of-office setting. Nevertheless, this was addressed 
by performing the measurements in a calm and well-organized 
tent designed to stimulate office conditions. However, this was 
compensated for by the fact that all blood pressure measurements 
were taken by trained volunteers from the physiology department of 
the faculty of medicine to ensure standardized measurements across 
all the screening sites. On the other hand, the great strengths of our 
study include the large sample size of participants, representing a 
random sample of the Moroccan general population studied in this 
project.

Conclusion

In conclusion, standardized office blood pressure measurement 
remains the reference method for hypertension diagnosis and 

treatment, which is recommended by the International Guidelines 
for Arterial Hypertension. The difference in blood pressure values 
obtained with different blood pressure evaluation methods used in 
our study confirms the necessity of adopting a unique and validated 
method according to the International Recommendations for Arterial 
Hypertension. 

Our study shows that any change in blood pressure measurement 
procedure can significantly influence both systolic and diastolic blood 
pressure values, thereby affecting their interpretation, and arterial 
hypertension diagnosis and control. These findings underscore 
the need to standardize blood pressure measurement procedures 
according to evidence-based medicine to ensure the accuracy of 
arterial HTN diagnosis.

Acknowledgements 

We would like to acknowledge the invaluable contributions of all 
investigators and human physiology and pathophysiology master 
students of the faculty of Medicine and Pharmacy of Tangier, as well 
as the study participants. 

Funding 

The authors report no involvement in the research by any sponsor 
involvement that could have influenced the findings. 

Ethics approval and consent to participate 

The study protocol was approved by the Research Ethics 
Committee of the University Hospital of Tangier (AC68FV/2024). 

Data availability statement

The data of the current study are available from the principal 
investigator.

Statement of competing interests

The authors declare that there is no conflict of interest. 

List of abbreviation 

1.	 HTN: hypertension 
2.	 OBPM: office blood pressure measurement
3.	 BP: blood pressure 
4.	 GS: gold standard
5.	 SD: standard deviation
6.	 HBPM: Home blood pressure measurement
7.	 24-AMBP: 24-hour ambulatory blood pressure monitoring
8.	 RICARTO: Rlesgo CARdiovascular Toledo Study



Nora Taiek, et al. Assessment of arterial hypertension of the general population based on different blood pressure measurement procedures

7

REFERENCES
References
1. Kearney PM, Whelton M, Reynolds K, Whelton PK, He J. Worldwide 

prevalence of hypertension: a systematic review. J Hypertens. 2004; https://
doi.org/10.1097/00004872-200401000-00003

2. Albasri A, O’Sullivan JW, Roberts NW, Prinjha S, McManus RJ, 
Sheppard JP. A comparison of blood pressure in community pharmacies 
with ambulatory, home and general practitioner office readings: systematic 
review and meta-analysis. J Hypertens. 2017; https://doi.org/10.1097/
hjh.0000000000001443

3.   A global brief on hypertension: silent killer, global public health crisis: 
World Health Day 2013. https://www.who.int/publications/i/item/a-global-
brief-on-hypertension-silent-killer-global-public-health-crisis-world-health-
day-2013.  25 June 2013

4. Nolde JM, Beaney T, Carnagarin R, Schutte AE, Poulter NR, Schlaich 
MP. Global Impact of Different Blood Pressure Thresholds in 4 021 690 
Participants of the May Measurement Month Initiative. Hypertension. 2022; 
https://doi.org/10.1161/hypertensionaha.

5. Dena E, Connor A E, Amit K, Simon G A, Thomas C, Jonathan E, et 
al. Blood pressure lowering for prevention of cardiovascular disease and 
death: a systematic review and meta-analysis. The Lancet. 2016; https://doi.
org/10.1016/s0140-6736(15)01225-8.

6. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/
PCNA Guideline for the Prevention, Detection, Evaluation, and Management 
of High Blood Pressure in Adults: Executive Summary: A Report of the 
American College of Cardiology/American Heart Association Task Force on 
Clinical Practice Guidelines. Hypertension. 2018; https://doi.org/10.1161/
HYP.0000000000000065

7. Mancia G, Rosei EA, Azizi M, Burnier M, Clement DL, Coca A, et al. 
2018 ESC/ESH Guidelines for the management of arterial hypertension. Eur 
Heart J. 2018; https://doi.org/10.1093/eurheartj/ehy339

8. Vischer AS, Socrates T, Winterhalder C, Eckstein J, Mayr M, Burkard 
T. How should we measure blood pressure? Implications of the fourth blood 
pressure measurement in office blood pressure. J Clin Hypertens. 2021; 
https://doi.org/10.1111/jch.14130

9. Handler J. The Importance of Accurate Blood Pressure Measurement. 
Perm J. 2009; https://doi.org/10.7812/tpp/09-054

10. Vischer AS, Mayr M, Socrates T, Winterhalder C, Leonardi L, Eckstein 
J, et al. Impact of Single-Occasion American vs. Canadian Office Blood 
Pressure Measurement Recommendations on Blood Pressure Classification. 
Am J Hypertens. 2019; https://doi.org/10.1093/ajh/hpy159

11. Vischer AS, Socrates T, Winterhalder C, Eckstein J, Mayr M, Burkard 
T. Impact of single-visit American versus European office blood pressure 
measurement procedure on individual blood pressure classification: a cross-
sectional study. Clin Res Cardiol Off J Ger Card Soc. 2019. https://doi.
org/10.1007/s00392-019-01426-w

12. Leung AA, Daskalopoulou SS, Dasgupta K, McBrien K, Butalia S, 
Zarnke KB, et al. Hypertension Canada’s 2017 Guidelines for Diagnosis, Risk 
Assessment, Prevention, and Treatment of Hypertension in Adults. Can J 
Cardiol. 2017; https://doi.org/10.1016/j.cjca.2017.03.005

13. Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran 
D, et al. International Society of Hypertension Global Hypertension 
Practice Guidelines. Hypertension. 2020; https://doi.org/10.1161/
hypertensionaha.120.15026

14. McEvoy JW, McCarthy CP, Bruno RM, Brouwers S, Canavan MD, 
Ceconi C, et al. 2024 ESC Guidelines for the management of elevated blood 
pressure and hypertension. Eur Heart J. 2024 Oct 7;45(38):3912–4018. 
https://doi.org/10.1093/eurheartj/ehae178

15. SPRINT Research Group, Wright JT, Williamson JD, Whelton PK, 
Snyder JK, Sink KM, et al. A Randomized Trial of Intensive versus Standard 
Blood-Pressure Control. N Engl J Med. 2015; https://doi.org/10.1056/
nejmoa1511939

16. Staessen JA, Den Hond E, Celis H, Fagard R, Keary L, Vandenhoven 
G, et al. Antihypertensive Treatment Based on Blood Pressure Measurement 
at Home or in the Physician’s OfficeA Randomized Controlled Trial. JAMA. 
2004;291(8):955–964.

17. Schoenthaler, A. et al. A practice-based trial of blood pressure control in 
African Americans       (TLC-Clinic): study protocol for a randomized controlled 
trial. Trials 12, 265 (2011).

18. Villarín Castro A, Segura Fragoso A, Alonso Moreno FJ, Sánchez 
Pérez M, Rodríguez Padial L, Rodríguez Roca GC. Mean Blood Pressure 
of the General Population with the Mean of Three Measurements Versus the 
Mean of the Second and Third Measurements. Ricarto Study. High Blood 
Press Cardiovasc Prev. 2019; https://doi.org/10.1007/s40292-019-00338-0

19. Taiek N, Belkacem A, Aziouaz F, Hangouche AJE. The prevalence of 
arterial hypertension in Morocco: Screening results from ‘May Measurement 
Month’ 2024. Glob Cardiol Sci Pract. 2025;2025(5). doi:10.21542/
gcsp.2025.51.

20. El Assaad MA, Topouchian JA, Darné BM, Asmar, Roland G. Validation 
of the Omron HEM-907 device for blood pressure measurement. Blood Press 
Monit. 2022; https://doi.org/10.1097/00126097-200208000-00006

21. Stefano O, Isabella R, Alessia G, Gianluca C, Antonella G, Gianfranco 
P. Validation of the Omron M5-I, R5-I and HEM-907 automated blood pressure 
monitors in elderly individuals according to the International Protocol of the 
European Society of Hypertension. Blood Press Monit. 2007; https://doi.
org/10.1097/mbp.0b013e32813fa386

22. Prevention, Detection, Evaluation, and Management of High Blood 
Pressure in Adults: Synopsis of the 2017 American College of Cardiology/
American Heart Association Hypertension Guideline Journal. date; https://
doi.org/10.7326/m17-3203

23. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, 
et al. 2016 European Guidelines on cardiovascular disease prevention 
in clinical practice: The Sixth Joint Task Force of the European Society of 
Cardiology and Other Societies on Cardiovascular Disease Prevention in 
Clinical Practice (constituted by representatives of 10 societies and by invited 
experts)Developed with the special contribution of the European Association 
for Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J. 2016; 
https://doi.org/10.1093/eurheartj/ehw106

24. Martin G Myers 1, Janusz Kaczorowski 2, Lisa Dolovich 2, Karen 
Tu 2, J Michael Paterson, et al. Cardiovascular Risk in Hypertension 
in Relation to Achieved Blood Pressure Using Automated Office Blood 
Pressure Measurement. Hypertension. 2016; https://doi.org/10.1161/
hypertensionaha.116.07721

25. Kim HL, Lee EM, Ahn SY, Kim KI, Kim HC, Kim JH, et al. The 2022 
focused update of the 2018 Korean Hypertension Society Guidelines for the 
management of hypertension. Clin Hypertens. 2023; https://doi.org/10.1186/
s40885-023-00234-9

26. Chinese Society of Cardiology, Chinese Medical Association; 
Hypertension Committee of Cross-Straits Medicine Exchange Association; 
Cardiovascular Disease Prevention and Rehabilitation Committee, Chinese 
Association of Rehabilitation Medicine. Clinical practice guideline for 
the management of hypertension in China. Chin Med J. 2024; https://doi.
org/10.1097/cm9.0000000000003431

27. Umemura S, Arima H, Arima S, Asayama K, Dohi Y, Hirooka Y, et al. 
The Japanese Society of Hypertension Guidelines for the Management of 
Hypertension (JSH 2019). Hypertens Res Off J Jpn Soc Hypertens. 2019; 
https://doi.org/10.1038/s41440-019-0284-9

28. Hypertension guideline working group, Seedat YK, Rayner BL, Veriava 
Y. South African hypertension practice guideline 2014. Cardiovasc J Afr. 
2014; https://doi.org/10.5830/cvja-2014-062

29. Alexander A L, Stella S D, Kaberi D, Kerry M, Sonia B, Kelly B Z et 
al. Hypertension Canada’s 2017 Guidelines for Diagnosis, Risk Assessment, 
Prevention, and Treatment of Hypertension in Adults. Can J Cardiol. 2017; 
https://doi.org/10.1016/j.cjca.2017.03.005

30. 2025 AHA/ACC/AANP/AAPA/ABC/ACCP/ACPM/AGS/AMA/ASPC/
NMA/PCNA/SGIM Guideline for the Prevention, Detection, Evaluation and 
Management of High Blood Pressure in Adults: A Report of the American 
College of Cardiology/American Heart Association Joint Committee on 
Clinical Practice Guidelines. doi:10.1161/CIR.0000000000001356.

31. Mohammadi-Dolatabadi A, Vakhshoori M, Eghbali-Babadi M, 
Heidarpour M, Shafie D, Garakyaraghi M, et al. Comparison of multiple blood 
pressure frequency methods with optimum blood pressure measurement 
among Iranian individuals. J Res Med Sci Off J Isfahan Univ Med Sci. 
2020;25:40. https://doi.org/10.4103/jrms.jrms_129_19 

32. Brotons Cuixart C, Alemán Sánchez JJ, Banegas Banegas JR, Fondón 
León C, Lobos-Bejarano JM, Martín Rioboó E, et al. Aten Primaria. 2018; 
http://dx.doi.org/10.1016/S0212-6567(18)30360-3



Rom J Cardiol 2025, AoP.

8

33. European Society of Hypertension practice guidelines for ambulatory 
blood pressure monitoring. J Hypertension. 2014; https://doi.org/10.1097/
hjh.0000000000000221.

34. Margaret A P, Corinne V E, Brittany U B, Karen L M, Elizabeth O, 
Evelyn P W. Diagnostic and predictive accuracy of blood pressure screening 
methods with consideration of rescreening intervals: a systematic review for 
the U.S. Preventive Services Task Force. Ann intern Med. 2015; https://doi.
org/10.7326/m14-1539

35. Campbell NR, Berbari A, Cloutier L, Gelfer M, Kenerson JG, Khalsa 
TK, et al. Policy statement of the world hypertension league on noninvasive 
blood pressure measurement devices and blood pressure measurement 
in the clinical or community setting. J Clin Hypertens. 2014; https://doi.
org/10.1111/jch.12336


