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ABSTRACT
Purpose:  Hypertension should be confirmed with the use of home BP measurement (HBPM) 
or 24h ambulatory BP measurement (ABPM). The aim of our study was to compare 
measurements obtained by OBPM, HBPM and ABPM in individuals with elevated OBPM 
participating in the population-based Swiss Longitudinal Cohort Study (SWICOS).
Material and Methods:  Participants with OBPM ≥140/90 mmHg assessed their BP using 
HBPM and ABPM. The cut-off for hypertension was ≥135/85 mmHg for HBPM, ≥130/80 mmHg 
for ABPM. White-coat hypertension (WCH) was defined as normal HPBM and ABPM in 
participants not taking antihypertensive drugs. Uncontrolled hypertension was defined as 
hypertension in HBPM or ABPM despite antihypertensive treatment.
Results:  Of 72 hypertensive subjects with office BP ≥140/90 mmHg and valid measurements 
of HBPM and ABPM, 39 were males (aged 62.8 ± 11.8y), 33 were females (aged 57.4 ± 14.2y). 
Hypertension was confirmed with HBPM and ABPM in 17 participants (24%), with ABPM only 
in 24 further participants (33%), and with HBPM only in 2 further participants (3%). 
Participants who had hypertension according to ABPM but not HBPM were younger (59 ± 11 y 
versus 67 ± 16 y; p < 0.001) and more frequently still working (83% versus 23%; p < 0.001). The 
prevalence of WCH was 28%. Among the 32 subjects taking antihypertensive drugs, 
uncontrolled hypertension was found in 49%.
Conclusion:  This population-based study found a high prevalence of WCH and potential 
uncontrolled hypertension among individuals with elevated OBPM. This study, therefore, 
supports the ESH recommendations of complementing OBPM by ABPM or HBPM. The use of 
HBPM instead of ABPM for the confirmation of hypertension in individuals with elevated 
OBPM might lead to underdiagnosis and uncontrolled hypertension, in particular in the 
younger working population. In these individuals, this study suggests using ABPM instead of 
HBPM.

PLAIN LANGUAGE SUMMARY

What is already known?
•	 Comparing blood pressure measurements in the doctor’s office or clinic (OBPM) with 

out-of-office measurements (either self-measurement at home (HBPM) or ambulatory over 
24 hours during both day and night times (ABPM)) improves the accuracy of hypertension 
diagnosis.

Why was the study done?
•	 This study was done to provide additional information by comparing HBPM and ABPM in 

individuals with elevated OPBMs (≥140/≥90mmHg), who participated in the Swiss 
Longitudinal Cohort Study (SWICOS)
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What was found?
•	 Our study confirmed differences between office and out-of-office measurements. In 60% 

of the study participants, ABPM or HBPM confirmed the elevated OBPM but only around 
half of these participants were treated with antihypertensive drugs. A high proportion of 
the participants (28%) had white coat hypertension.

What does this study add?
•	 Our study adds to the literature already available on this issue by reporting on data 

obtained from a cohort of individuals living in a countryside area of Southern Switzerland.
•	 This study also showed that HBPM might underestimate BP in the younger working 

population.

How might this impact on clinical practice?
•	 The findings of this population-based study support the European Society of Hypertension 

recommendations for wider use of out-of-office blood pressure measurement for the 
confirmation of hypertension in individuals with elevated OBPM to avoid underdiagnosis 
and uncontrolled hypertension.

•	 In the young working population, ABPM should be used instead of only HBPM to confirm 
hypertension.

Introduction

Accurate blood pressure (BP) measurement is essen-
tial for hypertension diagnosis, adequate hypertension 
control, prevention of adverse drug effects, and to 
avoid under- or over-treatment. The European Society 
of Hypertension (ESH) Working Group on BP 
Monitoring and Cardiovascular Variability recently 
published updated practice guidelines for office and 
out-of-office BP measurements [1].

Previously it was considered that the repeated 
office BP measurement is the cornerstone of diagnos-
tic approach to hypertension [2,3]. However, they also 
emphasise the importance of combining office BP 
measurements (OBPM) with out-of-office BP mea-
surements, the latter obtained in the individual’s nor-
mal environment. Easy and reliable self-measurement 
of BP at the patient’s home allows BP monitoring 
over a long period of time, in either treated or 
untreated individuals [4,5]. The increasingly frequent 
combination of OBPM and out-of-office BP measure-
ments has improved the accuracy of hypertension 
diagnosis and permitted the identification of specific 
BP phenotypes, such as sustained normotension and 
sustained hypertension when both office and out-of-
office BP are normal or elevated, respectively, as well 
as white-coat- (WCH) or masked hypertension if 
there is a discrepancy between office and out-of-office 
BP values. These measurements are more closely asso-
ciated with preclinical organ damage and cardiovascu-
lar events risk than office measurements [6,7]. This 
also improves the diagnosis and BP control of hyper-
tensive patients.

Currently, out-of-office BP monitoring can be 
obtained through either self-BP measurements at 
home (home BP monitoring, HBPM) or 
24h-ambulatory BP monitoring (ABPM). HBPM in 
the patient’s normal environment can provide multiple 

BP values, is patient-friendly, easy to perform, inex-
pensive and recommended as the best method for 
long-term follow-up of treated hypertensive subjects 
[1,4]. ABPM offers multiple BP values over 24 h taken 
during both day and night times, and is reported in 
guidelines as the most accurate method for hyperten-
sion diagnosis and cardiovascular risk stratification 
[18]. However, it may be of limited availability and 
can be uncomfortable. While there are several studies 
on either office, home or ambulatory BP measure-
ment, limited evidence is available on the comparison 
of these different methods in population-based 
cohorts [9–11].

Our study aimed to provide additional information 
on this issue by comparing BP measurements obtained 
at home and ambulatory in individuals with elevated 
OBPM participating in the Swiss Longitudinal Cohort 
Study (SWICOS). We further aimed to evaluate the 
extent of hypertension-mediated organ damage 
(HMOD) using central hemodynamic parameters.

Methods

Study design and participants

The protocol of the prospective, population-based 
SWICOS study has been previously published [12]. 
Participants were mostly recruited in Cama/Lostallo 
(GR), two Swiss municipalities. All residents aged 
18 years and older were eligible for participation. There 
were no exclusion criteria. All participants provided 
written informed consent. The study was approved by 
the ‘Ethikkommission Nordwest- und Zentralschweiz 
(EKNZ)’ (approval no. EKNZ 2014-209) and the 
‘Kantonale Ethikkommission Kanton Zürich’ (approval 
no. 2014-0265) in August 2014, and the study complied 
with the Declaration of Helsinki. It is registered at 
ClinicalTrials.gov (NCT02282748).
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Measurements

All participants completed a questionnaire on med-
ical history, daily life habits, and prescribed medica-
tion. Participants also underwent a physical 
examination, including OBPM. OBPM was recorded 
using an automated oscillometric upper-arm cuff 
device (OMRON 705IT, Omron Corporation, 
Shiokoji Horikawa, Shimogyo-ku, Kyoto 600–8530 
Japan), validated according to an established proto-
col [13]. All participants were in rest for a least 
10 min before the first measurement. BP was mea-
sured twice on each arm, with a 2 min interval. The 
mean value of those four measurements was used 
for the analyses.

Individuals with OBPM ≥140 and/or ≥90mmHg 
were invited to also assess their BP through HBPM 
and ABPM. Both HBPM and ABPM were performed 
according to ESH practice guidelines [1,3,4]. For 
HBPM, all participants received an automated oscil-
lometric upper-arm cuff device (OMRON IM HEM 
7322 U) and were instructed in the proper use of the 
device. In the present study, we used the average of 
all BP measurements taken over at least 5 days (two 
in the morning and two in the evening), excluding 
the first day. Twenty fourhour ABPM was performed 
using an automated and validated oscillometric 
device (Arteriograph 24, TensioMed Ltd., Budapest, 
Hungary) [14,15]. Only recordings with at least 20 
valid readings during the daytime and at least 7 
readings during the night-time were included in the 
study data analysis.

For the evaluation of HMOD, the following cen-
tral hemodynamic parameters were measured. Pulse 
wave velocity (PWV) was assessed after the comple-
tion of OBP measurements at baseline: pulse wave 
velocity (PWV) and central aortic BP were measured 
by a validated operator-independent, non-invasive 
device (Arteriograph®; Tensiomed Ltd., Budapest, 
Hungary) based on a validated oscillometric occlu-
sive technique (Arteriograph, TensioMed Ltd., 
Budapest, Hungary) [14]. After 5 min of rest, supine 
brachial systolic and diastolic BP, heart rate and cen-
tral hemodynamics parameters were simultaneously 
obtained. The arteriograph software estimates PWV 
by considering the timing of wave reflections and 
specifically the time interval between the peaks of 
the ejected (first) and reflected (second) systolic 
wave in relation to the jug between both waves. To 
ensure the quality of measured pulse wave velocity, 
only measurements of aortic PWV with a standard 
deviation of beat-to-beat variation ≤1.0 m/sec were 
included.

Definitions

The ESH/ESC definition of hypertension according to 
the levels of office, ambulatory and home BP is as 
follows: conventional office BP ≥140 and/or 
≥90 mmHg; ambulatory BP daytime or awake mean 
≥135 and/or ≥85 mmHg, night-time or asleep mean 
≥120 and/or ≥70 mmHg; 24h mean ≥130 and/or 
≥80 mmHg; home BP mean ≥135 and/or ≥85 mmHg. 
WCH was defined as normal out-of-office BP in 
untreated individuals with OBPM ≥140 and/or 
≥90 mmHg. Sustained hypertension was defined as 
confirmation of elevated OBPM by both ABPM and 
HBPM. Uncontrolled hypertension was defined as 
hypertension in HBPM or ABPM despite a prescrip-
tion of antihypertensive drugs.

Cardiovascular risk assessment

Further, the cardiovascular (CV) risk was calculated 
for each participant according to the ESH/ESC rec-
ommendation for assessing the 10-year risk of CV 
disease using the SCORE2 and SCORE2OP algorithms 
(www.heartscore.org). The SCORE2 tool includes the 
following parameters: age, sex, systolic BP, total cho-
lesterol, LDL and smoking. Cardiovascular risk was 
divided into three score categories: low/moderate risk 
below 5%, high risk 5–10% and very high risk 10% 
and above [16].

Statistical analysis

Descriptive statistics were used to determine the base-
line characteristics of the participants. The normality 
of the continuous variables distribution was analysed 
using either the Shapiro-Wilk or Kolmogorov-Smirnov 
test. Normally distributed variables are presented as 
means with ± 1 standard deviation (SD) and 
non-normally distributed variables are expressed as 
medians and interquartile ranges. Categorical vari-
ables are presented as percentages. Comparison of the 
BP measurement values obtained with the above three 
BPM methods was performed using one simple 
Student t test, ANOVA with adequate correction of 
the minimum statistical significance level or the 
Kruskal-Wallis test as appropriate. To assess which 
covariates are related to sustained hypertension a uni-
variate, as well as multivariate regression analyses 
including age, gender, smoking, overweight were per-
formed. The Results are presented as odds ratio (OR) 
and 95% confidence interval (95% CI). All analyses 
were performed using IBM SPSS Statistics software 
(Version 26, IBM Corp., Armonk, NY).

http://www.heartscore.org
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Results

Among the 474 adult SWICOS participants (206 males 
and 268 females), 113 (23.8%) had systolic OBPM 
≥140 mmHg and/or diastolic OBPM ≥90 mmHg. Of 
these, 15 participants refused to perform HBPM and/
or ABPM resulting in 98 participants who underwent 
HBPM and/or ABPM. All 98 participants had HBPM 
(95 with utilisable readings) and 81 ABPM (with at 
least 74 utilisable readings). Overall, 72 subjects had 
utilisable HBPM and ABPM and were included in this 
analysis. Among these 72 participants, 17 (24%) had 
high BP in both out-of-office measurements (in HBPM 
and in ABPM). Partial high BP was seen either in 
ABPM or in HBPM in 24 (33%) and in 2 (3%), 
respectively. Normal BP in both HBPM and ABPM 
was found in 29 (40%) participants.

The BP values measured with the three methods 
were significantly different. Mean systolic OBPM 
was highest (151.7 ± 15.5 mmHg) and was signifi-
cantly higher than daytime ABPM 
(136.9 ± 13.5 mmHg) or HBPM (130.0 ± 13.5 mmHg) 
(p < 0.001 for both). The systolic 24-hour ABPM was 
also significantly higher compared to systolic HBPM 
(p < 0.001) (Table 1). Diastolic BP was also the high-
est with OBPM (89.3 ± 8.0 mmHg) and significantly 
different compared to ABPM daytime 
(80.8 ± 11.2 mmHg) and HBPM (81.6 ± 6.6 mmHg) 
(both p < 0.001). The lowest values of diastolic BP 
were found in ABPM over 24 h and at night-time 
(Table 1). The central pulse pressure was signifi-
cantly higher in participants with sustained hyper-
tension compared to those with partial hypertension 
and participants with normal BP (Table 1). For sus-
tained hypertension age was significant in univariate 
(OR per additional year 1.07 (95%CI 1.01–1.12; 
p = 0.014), as well as an independent predictor of it 
(OR per additional year 1.09 (95%CI 1.02–1.15; 
p = 0.007)) after adjustment for sex, smoking and 
overweight. None of other covariates was significant 
predictor of sustained hypertension, which could be 
due to low numbers.

Among the 72 study participants, 29 (40%) had nor-
mal BP as measured by ABPM and HBPM and for 43 
(60%) elevated OBPM was confirmed by ABPM and/or 
HBPM. Of all 72 study participants, 32 (44%) were on 
a prescription of antihypertensive drugs. Among the 40 
participants who were not taking any antihypertensive 
drugs, 11 (28%) had normal ABPM and HPBM, thus 
having WCH (Figure 1). Among the 32 participants 
taking antihypertensive drugs, only 10 participants 
(31%) had controlled hypertension (i.e. normal ABPM 
and HBPM). Among the 43 participants with 

confirmed hypertension, 22 (51%) were not treated 
with antihypertensive drugs and 21 (49%) were on a 
prescription of antihypertensive drugs.

The baseline characteristics of the participants 
according to BP measurements are shown in Table 2. 
Participants with sustained hypertension compared 
with normotensive participants were 10 years older, 
had higher BMI, were less likely to work, were fre-
quently treated with lipid-lowering drugs and antidi-
abetics and had more than a two-fold higher risk 
score for premature CV events. They also had higher 
HbA1c and creatinine than normotensive subjects 
(Table 2). Subjects with partial hypertension were the 
same age as normotensive, more frequently males, 
had a higher BMI and were more often actively 
working (Table 2).

The subjects who had hypertension according to 
ABPM but not HBPM (n = 24) were 10 years younger 
(59 ± 11 y versus 67 ± 16 y; p < 0.001) and frequently 
still working (83% versus 23%; p < 0.001) compared 
with those with concordance between ABPM and 
HBPM (n = 17).

Subjects, who were still working compared to those 
who were not-working had higher diastolic BP during 
daytime 83.9 ± 11.4 mmHg versus 75.6 ± 9.1 mmHg 
(p = 0.002) and lower systolic BP during night time 
116.6 ± 16.9 mmHg versus 126.3 ± 19.7 mmHg (p = 0.024).

Out of 29 subjects with normotensive values in 
out-of-office measurement, 13 (45%) had a high or 
very high risk of a premature cardiovascular event, 
whereas 13 (77%) out of 17 with sustained hyperten-
sion had a high/very high risk (p = 0.036). Aortic 
pulse pressure ≥60 mmHg, a sign of HMOD, was 
found in 65% of subjects with sustained or partial 
hypertension and in 25% of subjects with normal BP 
(p = 0.013). Aortic pulse wave velocity ≥10 m/s was 
detected in 41% of the hypertensive subjects and in 
29% of normotensive (p = 0.52).

Discussion

The results of this analysis of out-of-office BP mea-
surements in participants of the population-based 
SWICOS study with high OBPM at baseline could be 
summarised as follows: (a) elevated OBPM was not 
confirmed by ABPM and HBPM in a relevant pro-
portion of 40% of all study participants; (b) a high 
proportion of the participants (28%) had WCH; (c) 
in 60% of study participants, elevated OBPM was 
confirmed by ABPM or HBPM and only around half 
of these participants were treated with antihyperten-
sive drugs, suggesting a high proportion of potential 
uncontrolled hypertension; and (d) the problem of 
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uncontrolled hypertension is underscored by the 
finding that BP was controlled in only 31% of the 
subjects on drug treatment.

Our findings were consistent with previous studies. 
Previous studies proved that BP values obtained by 

OBPM are up to 15 mmHg higher for systolic BP and 
10 mmHg higher for diastolic BP than BP values mea-
sured by ABPM and HBPM [17]. Our study con-
firmed that differences between office and out-of-office 
measurements may be that high. The Swiss 

Table 1.  Blood pressure and central hemodynamic values of SWICOS-cohort participants with office blood pressure ≥140 and/or 
≥90mmHg at baseline) according to out-of-office BP measurements.

All (n = 72)

High BP in all 
measurements 

(sustained 
hypertension) (n = 17)

Normal BP in 
HBPM and ABPM 

(n = 29) p value

Partial BP 
elevation (in 
HBPM or in 

ABPM) (n = 26)
p value (normal vs. 

partial)

Office blood pressure 
(OBP) and heart rate

OBP systolic blood 
pressure (mmHg); mean 
(SD)

151.7 (15.5) 164.5 (14.4) 143.6 (14.0) <0.001 152.3 (11.9) 0.017

OBP diastolic blood 
pressure (mmHg); mean 
(SD)

89.3 (8.0) 88.9 (9.4) 87.9 (8.0) 0.710 91.2 (6.9) 0.102

Office heart rate (beat/
min); mean (SD)

69 (12) 65 (10) 72 (14) 0.069 70 (10) 0.502

Central Hemodynamic
Central pulse pressure 

(PPao), mmHg, median 
(IQR)

56.9 (48.1, 68.5) 77.6 (55.1, 84.3) 53.9 (45.2, 63.7) 0.003 54.6 (45.2, 63.7) 0.229

Aortic pulse wave velocity 
(PWVao), m/s; median 
(IQR)

8.8 (8.0, 11.4) 8.8 (8.3, 11.9) 9.0 (8.1, 10.8) 0.760 8.5 (7.8, 11.6) 0.859

Home blood pressure and 
heart rate (HBPM)

HBPM systolic blood 
pressure (mmHg); mean 
(SD)

130 .0 (13.5) 146.7 (12.3) 121.1 (8.9) <0.001 128.9 (6.8) <0.001

HBPM diastolic blood 
pressure (mmHg); mean 
(SD)

81.6 (6.6) 84.8 (8.5) 78.9 (5.7) 0.004 82.5 (4.9) 0.017

Home heart rate (beat/
min); mean (SD)

70 (10) 64 (10) 72 (9) 0.010 72 (10) 0.950

Ambulatory 24 h blood 
pressure (ABPM)

ABPM systolic blood 
pressure (mmHg); mean 
(SD)*

131.8 (14.7) 141.3 (10.0) 119.4 (8.4) <0.001 139.5 (13.1) <0.001

ABPM diastolic blood 
pressure (mmHg); mean 
(SD)*

76.9 (10.0) 79.9 (11.1) 70.3 (6.8) <0.001 82.2 (8.5) <0.001

Ambulatory 24h heart rate 
(beat/min); mean (SD)

70 (9) 65 (9) 70 (9) 0.098 73 (8) 0.054

Ambulatory daytime blood 
pressure (ABPM)

ABPM systolic blood 
pressure (mmHg); mean 
(SD)*

136.9 (15.5) 145.5 (13.1) 124.7 (9.1) <0.001 145.0 (13.7) <0.001

ABPM diastolic blood 
pressure (mmHg); mean 
(SD)*

80.8 (11.2) 83.5 (14.2) 74.2 (7.3) 0.005 86.3 (8.9) <0.001

Ambulatory Daytime heart 
rate (beat/min); mean 
(SD)

74 (10) 68 (10) 74 (10) 0.05 77 (9) 0.202

Ambulatory night-time 
blood pressure (ABPM)

ABPM systolic blood 
pressure (mmHg); mean 
(SD)

120.3 (15.9) 130.0 (11.0) 108.8 (10.8) <0.001 126.7 (15.7) <0.001

ABPM diastolic blood 
pressure (mmHg); mean 
(SD)

68.2 (9.8) 71.8 (7.2) 61.9 (7.9) <0.001 73.0 (9.5) <0.001

Ambulatory night-time 
heart rate (beat/min); 
mean (SD)

62 (8) 59 (9) 61 (8) 0.390 64 (8) 0.046
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population-based study on Genes in Hypertension in 
2015 found significant heritability for OBPM and 
ABPM, justifying the ongoing search for genetic 
determinants of BP [18].

The prevalence of WCH found in our study was 
high but corresponded with previous findings 
[19,20]. The probability of being diagnosed with 
sustained hypertension using ABPM or HBPM in 
persons with elevated OBPM has been reported to 
range between 35–95%. In our study, the probability 
was 60% and corresponded to these previous 
findings.

This study showed that there are not only relevant 
differences between office and out-of-office BP mea-
surements but that there are also relevant differences 
between the two out-of-office BP measurements (i.e. 
ABPM and HBPM) [21]. ABPM is usually performed 
during routine daily activities and at night-time, 
whereas HBPM is usually performed at rest at home. 
Our finding that BP might be underestimated by 
HBPM in the young working population is therefore 
plausible and it is relevant. In the authors’ opinion, 
HBPM, as the only out-of-office BP measurement 
method, should probably not be recommended for 
younger working patients to exclude a hyperten-
sion  diagnosis, because diastolic BP during working 
may be relevantly underestimated.

The development of new technology, such as 
automated, smartphone application app-assisted 
HBPM might improve reliability and widespread use 
of HBPM. However, the AMUSE-BP study demon-
strated that app-assisted HBPM substantially overes-
timates 24-h ABPM. However, as app-assisted HBPM 
showed sensitivity and negative predictive value for 

diagnosing sustained and masked hypertension it 
could be used as a screening test for these diagno-
ses [22].

In accordance with current guidelines, our study 
underlines the importance of confirming suspected 
hypertension based on OBPM by out-of-office BP mea-
surements. Current guidelines favour ABPM over 
HBPM for this purpose [1,20]. Both methods have 
their advantages and disadvantages. Both methods may 
be used for hypertension diagnosis, treatment titration 
and long-term follow-up, but ABPM is better suited for 
the initial evaluation and HBPM for the long-term 
follow-up of treated subjects [1,4]. A new study showed 
the modest superiority of home BP compared to ambu-
latory BP to predict cardiovascular prognosis [23]. 
Ideally, if available and feasible, both ABPM and HBPM 
should be used, as they may provide complementary 
information [1,24]. For example, different hypertension 
phenotypes may be determined based on the compari-
son between the in-the-office and out-of-office mea-
surements, namely WCH and sustained hypertension. 
It has been showed that WCH exhibits a cardiovascular 
risk greater than that of normotensive controls [25], 
even without organ damage [26].

The identification of these phenotypes may help to 
optimise hypertension therapy and to avoid over- and 
undertreatment.

ABPM and HBPM also provide prognostic infor-
mation on cardiovascular mortality and morbidity 
above and beyond that of OBPM in a general Western 
population [9,27,28]. When comparing ABPM and 
HBPM for the prediction of cardiovascular events or 
mortality, in a systematic review Shimbo et  al. showed 
that both methods are similar [29]. In our 

Figure 1.  Antihypertensive therapy in SWICOS participants with OBPM ≥140/90 mmHg according to out-of-office measurements.
High blood pressure -> by HBPM: SBP ≥135mmHg and/or DBP ≥85mmHg AND by ABPM: SBP ≥130mmHg and/or DBP ≥80mmHg; Partial high blood 
pressure -> by HBPM: SBP ≥135mmHg and/or DBP ≥85mmHg OR by ABPM: SBP ≥130mmHg and/or DBP ≥80mmHg; Normal blood pressure -> by HBPM: 
SBP <135mmHg and DBP <85mmHg AND by ABPM: SBP <130mmHg and DBP <80mmHg.
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population-based study, more than half of the hyper-
tensive participants were at high or very high cardio-
vascular risk of a premature cardiovascular event 
within 10 years. Implementing out-of-office BP mea-
surement might help to reduce the cardiovascular risk 
level over time, in spite of comorbidities [30]. A 
meta-analysis showed that in participants without pre-
vious cardiovascular disease at baseline, the incidence 
rate for developing a major cardiovascular event per 
1000 person-years was 31.9%, and in participants with 

previous cardiovascular disease the incidence was 
39.7% [31]. Given that a reduction of 5 mmHg of sys-
tolic BP reduces the risk of major cardiovascular 
events by about 10% [31], reliable strategies to detect 
treatment-induced BP changes are necessary, and this 
study provides evidence to support the use of out-of-
office BP in the clinical setting.

Approximately a quarter of the participants with 
normal BP measurements in ABPM and HBPM had 
elevated aortic pulse pressure and/or pulse wave 

Table 2.  Baseline characteristics of SWICOS cohort participants (with office blood pressure ≥140 and/or ≥90mmHg) according to 
out-of-office BP measurements.
Definitions:
1.  Normal blood pressure -> normal BP values by HBPM (: SBP <135mmHg and DBP <85mmHg) AND by 24-h ABPM ( SBP <130mmHg and 
DBP <80mmHg)
2.  Sustained hypertension -> high BP values by HBPM (SBP ≥135mmHg and/or DBP ≥85mmHg) AND by 24-h ABPM (SBP ≥130mmHg and/or 
DBP ≥80mmHg)
3.  Partial high blood pressure -> high BP values only by HBPM ( SBP ≥135mmHg and/or DBP ≥85mmHg) OR only by 24-h ABPM (: SBP 
≥130mmHg and/or DBP ≥80mmHg)

All (n = 72)

High BP in all 
measurements(sustained 

hypertension) (n = 17)

Normal BP in 
HBPM and 

ABPM (n = 29) p value

Partial BP 
elevation (in 
HBPM or in 

ABPM) (n = 26)
p value (normal 

vs. partial)

Age, year mean (SD) 59.9 (13.7) 67.0 (15.9) 57.8 (13.3) 0.037 57.4 (11.2) 0.039
Male/Female, n (%) 39 (54) / 33 (46) 11 (65) / 6 (35) 10 (35) / 19 (65) 0.068 18 (69) / 8 (31) 0.023
Anthropometry
BMI (kg/m2) mean (SD) 27.4 (4.4) 28.7 (4.5) 25.4 (3.7) 0.005 28.8 (4.5) 0.005
Overweight (BMI > 

25.0–30.0), n (%)
26 (36) 6 (35) 10 (35) 0.64 10 (39) 0.006

Obese (BMI > 30.0), n (%) 20 (28) 7 (41) 3 (10) 0.025 10 (39) 0.006
Behavior Lifestyle
Smoking, current, n (%) 8 (11.1) 0 4 (14) 0.28 4 (15) 0.25
Working, n (%) 45 (66) 6 (38) 19 (73) 0.029 20 (77) 0.022
Walking time per week 

(min); median (IQR)
180 (90, 420) 180 (94, 420) 210 (95, 263) 0.82 178 (83, 420) 0.97

TV time per week (min); 
median (IQR)

420 (280, 840) 840 (420, 1260) 630 (350, 1155) 0.23 420 (210. 630) 0.027

Medication
Antihypertensive, n (%) 32 (44) 11 (65) 11 (38) 0.13 10 (39) 0.16
Lipid-lowering drugs, n (%) 23 (32) 10 (59) 5 (17) 0.003 8 (31) 0.013
Antidiabetic, n (%) 8 (11) 3 (18) 0 0.011 5 (19) 0.036
Analgesic, NSAR, n (%) 19 (26) 5 (30) 10 (35) 0.54 4 (16) 0.25
Anxiolytic, antidepressant, n 

(%)
13 (18) 3 (18) 7 (24) 0.34 3 (12) 0.43

Anticoagulant, antiplatelets, 
n (%)

11 (15) 5 (30) 2 (7) 0.15 4 (16) 0.15

Laboratory
Cholesterol (mmol/l); mean 

(SD)
5.6 (1.1) 5.1 (1.0) 5.8 (1.2) 0.014 5.6 (0.9) 0.062

LDL (mmol/l); mean (SD) 3.7 (1.1) 3.2 (0.9) 4.0 (1.2) 0.017 3.6 (0.9) 0.067
Triglycerides (mmol/l); 

median (IQR)
1.4 (1.0, 2.1) 1.6 (1, 2) 1.3 (1, 2) 0.43 1.5 (1, 2) 0.66

Haemoglobin, g/dl; median 
(IQR)

14.5 (13.9, 15.5) 14.5 (13.9, 15.5) 14.0 (13.5, 15.1) 0.30 15.1 (14.4, 15.9) 0.033

HbA1C (%); median (IQR) 5.4 (5.1, 5.6) 5.6 (5.3, 7.0) 5.3 (5.1, 5.5) 0.006 5.5 (5.1, 5.8) 0.009
CRP, mg/l; median (IQR) 1.4 (0.8, 2.3) 1.3 (0.9, 3.1) 1.3 (0.6, 1.8) 0.33 1.5 (1.2, 2.9) 0.23
Creatinine (µmol/l); median 

(IQR)
76.3 (68.6, 87.8) 85.0 (69.3, 98.9) 73.6 (67.3, 85.8) 0.06 77.0 (69.1, 81.4) 0.14

eGFR, median (IQR) 83.4 (72.4, 94.3) 74.9 (66.2, 81.4) 83.5 (72.4, 92.9) 0.074 92.1 (81.7, 99.9) 0.069
Potassium, mmol/l; median 

(IQR)
4.3 (4.1, 4.7) 4.4 (4.1, 4.8) 4.4 (4.2, 4.8) 0.16 4.2 (4.0, 4.6) 0.14

Sodium, mmol/l; median 
(IQR)

139 (138, 141) 138 (137,141) 139 (137, 141) 0.80 139 (139, 140) 0.53

Cardiovascular risk-scorea

SCORE 2,(%) median (IQR) 4 (1, 9) 7 (5, 13) 3 (1, 7) 0.025 4 (1, 9) 0.015
very high risk; n (%) 15 (20.8) 5 (29.4) 3 (10.3) 0.026 7 (26.9) 0.039

LDL: low density lipoprotein; HbA1C : glycated haemoglobin A1C; CRP: c-reactive protein.
aThe 10-year risk prediction of cardvascular disease was calculated using SCORE2 (www.heartscore.org) (www.escardio.org)).

http://www.heartscore.org
http://www.escardio.org
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velocity as a sign of potential HMOD. Our results, 
therefore, underline that the measurement of central 
hemodynamics may provide additional information to 
complement regular BP measurement. Potentially, 
subjects with abnormal central hemodynamics despite 
normal ABPM and HBPM might benefit from tighter 
cardiovascular risk prevention.

Limitations and strengths

One limitation of our study is the small number of 
participants. Another limitation might be selection 
bias, which could not be completely excluded given 
the non-randomly selected study population in the 
two municipalities. However, comparison of our find-
ings with those from previous studies showed a high 
level of agreement. Furthermore, demographic data of 
the adult study population (e.g. age and sex distribu-
tion, prevalence of cardiovascular risk factors) was 
similar to the Swiss population according to Swiss fed-
eral statistics [32]. We therefore think that the gener-
alisability of our findings is not limited to a high 
degree. Another limitation of our study results from 
the inclusion of participants with elevated OBPM; 
thus, this study is not suited to evaluate the usefulness 
of HBPM for the detection of masked hypertension.

To the best of our knowledge, this is the first study 
to include all three BP measurement methods which 
is a strength of this study. In spite of the 
above-mentioned limitations, our data provide the 
first comparative evaluation of how to implement 
OBPM, ABPM and HBPM in the real world to favour 
a reliable diagnosis and treatment of hypertension in 
daily clinical practice. Our study adds to the literature 
already available on this issue by reporting on data 
obtained from a cohort of individuals living in a 
countryside area of Southern Switzerland.

Conclusions

In this population-based cohort of participants with 
OBPM ≥140/90 mmHg, BP measurement values were 
significantly different between OBPM, ABPM and 
HBPM. In general, ABPM and HBPM provided lower 
BP values than OBPM. WCH had a high prevalence 
of 28% among untreated participants. Well-controlled 
hypertension was found in only 26% of treated partic-
ipants, whereas sustained hypertension was confirmed 
by ABPM and/or HBPM in a high percentage of the 
participants. Thus, our study revealed a high risk of 
potential uncontrolled hypertension. This study also 
showed that HBPM may underestimate BP in the 
younger working population suggesting using ABPM 

instead of HBPM in these individuals. The findings of 
this study support the ESH recommendations of com-
plementing OBPM using HBPM or ABPM given the 
high prevalence of WCH and undertreatment.
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