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Brief Communication

Blood pressure (BP) measurement outside of the office has 
increased steadily over the past 2 decades.1 Several recent 
guidelines recommend out-of-office BP measurements, 
with either home BP measurements or 24-hour ambulatory 
monitoring, to confirm the diagnosis of hypertension in all 
patients2–4 or only in unclear cases such as when suspecting 
white-coat or masked hypertension.5 Home BP monitoring 
is also recommended for the follow-up of stable patients.2,5

Acceptability of ambulatory BP monitoring among 
patients has been reported to be lower than that of office6 
and home7 measurements. However, only one previous 
study by Little et al. in 2002 has compared the preference and 
acceptability of all major BP measurement methods avail-
able at the time.8 The authors concluded that the acceptabil-
ity of office measurement, performed by a nurse or a doctor, 
was higher than that of ambulatory BP measurement, while 
home BP measurement was the method most preferred by 
patients.8 Furthermore, a 2004 meta-analysis by Cappuccio 

et al. concluded that the use of home BP monitoring instead 
of traditional office measurements led to better BP control.9 
These results suggest that patients’ preference and accepta-
bility of different BP measurement methods could even have 
a positive or negative effect on adherence to hypertension 
treatment.

BP monitor technology has developed significantly over 
the past 13 years after the study by Little et al.8 During this 
period, home and ambulatory monitors have become mark-
edly smaller, quieter, and fully automatic. In addition, timer-
equipped home monitors have been introduced, offering 
a new option for measuring nighttime BP outside of the 
office.10 To our knowledge, no previous study has extensively 
compared the acceptability of home nighttime (home-night) 
and ambulatory BP measurement. Furthermore, the accept-
ability of home and ambulatory BP measurement using 
modern monitors is currently unknown. The purpose of this 
study was, therefore, to compare patients’ acceptability of 
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BACKGROUND
Blood pressure (BP) monitor technology has developed significantly 
over the past years with the introduction of smaller and quieter home 
and ambulatory monitors that can both measure BP at night. The 
acceptability of different BP measurement methods using modern 
monitors is currently unknown. The purpose of this study was to com-
pare patients’ acceptability of traditional and novel BP measurement 
methods using up-to-date monitors.

METHODS
A population sample of 223 participants underwent 4 office measure-
ments on 2 occasions, a 24-hour ambulatory monitoring and 4 home 
measurements on 7 consecutive days with home nighttime (home-
night) measurements on 2 nights. The acceptability of each method 
was evaluated with a questionnaire. Analysis of variance with post hoc 
Bonferroni correction was used to compare mean acceptability scores.

RESULTS
Mean acceptability score, with a lower score indicating better accept-
ability, decreased from ambulatory (3.11 ± 0.93) to home-night 

(2.74 ± 0.81) to home (2.20 ± 0.70) to office (1.95 ± 0.63) measurements 
(P < 0.001 for all between-method comparisons). The largest between-
method differences were observed in comfort of use and disturbance 
of everyday activities (P < 0.001). 73.1%, 31.8%, 1.3%, and 2.2% rated 
office, home, home-night, and ambulatory measurements as the most 
acceptable method, respectively.

CONCLUSIONS
In the general population and under a research setting, office BP meas-
urement was the method most preferred by the participants while 
home measurement was the second most preferred. Home-night 
measurement was slightly more preferred than ambulatory monitor-
ing. However, before home-night BP measurement can be widely 
promoted as an alternative method for measuring nighttime BP, more 
evidence of its prognostic significance is needed.
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traditional and novel BP measurement methods using up-
to-date monitors.

METHODS

The DILGOM (Dietary, Lifestyle, and Genetic deter-
minants of Obesity and Metabolic syndrome) study was a 
population survey with 5,024 participants aged 25–74 years 
that aimed to assess how nutrition, diet, lifestyle, psychoso-
cial factors, environment, and genetics are linked to obesity 
and the metabolic syndrome. DILGOM was carried out in 
2007 in 5 geographical areas of Finland and 1,037 persons 
were examined in the southwestern Finland area. Of these 
participants, 500 (50 men and 50 women from each 10-year 
cohort) were randomly invited to participate in a cardiovas-
cular substudy and 493 agreed to participate. In 2014, 453 
still living participants of the cardiovascular substudy were 
invited to a reexamination and a total of 283 (62%) persons 
participated. Sixty persons were excluded from this study 
because of missing data (n = 50) or because the participants 
had given identical scores to ≥3 BP measurement methods 
indicating careless responding (n = 10). Thus, the final study 
population consisted of 223 participants. All participants 
gave written informed consent, and the study was approved 
by The Ethics Committee of the Varsinais-Suomi Hospital 
District, Finland.

All participants underwent 3 study visits between April 
and December 2014. On the first visit, office BP was meas-
ured twice by a nurse after a 3-minute rest at 1-minute inter-
vals with an oscillometric BP monitor (Microlife WatchBP 
Office Central).11 Twenty-four-hour ambulatory BP was 
then measured with a Microlife WatchBP O3 monitor every 
20 minutes during the day (from 7 am to 10 pm) and every 
30 minutes during the night (from 10 pm to 7 am).12 On 
the following day, the participant returned the ambulatory 
monitor, underwent similar office BP measurements as on 
the previous day, and received a Microlife WatchBP Home 
N automatic oscillometric monitor13 with oral and written 
instructions on how to measure home BP. Home BP was 
measured twice every morning between 6 am and 9 am and 
every evening between 6 pm and 9 pm on 7 consecutive days. 
In addition, home-night BP was measured during the last 2 
nights at fixed times 2, 3, and 4 hours after going to bed.

After the 1-week home measurement period, the partici-
pants rated the 4 different methods of BP measurement—
office, home, home-night, and ambulatory—for acceptance 
and preferability with a questionnaire. We used a slightly 
modified version of the questionnaire used by Little et al. to 
have easily comparable results.8 The questionnaire consisted 
of 9 questions (questions 1–5, 7–10) concerning potential 
inconveniences related to BP measurement: anxiety caused 
by measurement, discomfort, uncertainty and the distur-
bance of home life, everyday activities, sleep, and work. In 
addition, 4 questions (questions 6, 11–13) assessed partici-
pants’ BP awareness and their perceptions of the accuracy, 
efficiency, and controllability of each measurement method. 
All questions are presented in Table 1.

We reversed the scores for positive items (questions 6, 
11–13) and calculated mean item scores for all measurement 

methods, with a lower score indicating better acceptability. 
Cronbach’s α calculated for each method was between 0.74 
and 0.80 indicating a good internal consistency. Mean item 
scores were approximately normally distributed. Repeated 
measures analysis of variance with post hoc Bonferroni cor-
rection was used to compare scores. McNemar’s test was 
used to compare the pairwise differences in the ranking for 
the most preferred measurement method. P-value under 
0.05 was considered statistically significant. Statistical analy-
ses were performed with SAS 9.4 software (SAS Institute, 
Cary, NC). Values are presented mean ± SD, unless indicated 
otherwise.

RESULTS

The mean age of the participants was 57 ± 12.9 years and 
54.7% (n = 122) were female. The mean BP values for home-
night, home, office, and 24-hour ambulatory measurement 
were 113.3 ± 12.2/65.2 ± 7.6, 126.3 ± 13.3/76.7 ± 8.0, 130.7 
± 16.0/78.0 ± 9.1 and 122.7 ± 11.5/73.4 ± 7.7, respectively. 
26.9% of the participants were using antihypertensive medi-
cation, 7.1% had diabetes, 1.7% had a history of myocardial 
infarction, 3.6% had a history of stroke, and 3.1% were cur-
rent smokers.

Mean scores for individual questions and mean item scores 
are presented in Table  1. Mean item scores calculated for 
different methods differed significantly overall (P  <  0.001) 
and in all between-method comparisons (P < 0.001 for all). 
The mean score increased from office (1.95 ± 0.63) to home 
(2.20 ± 0.70) to home-night (2.74 ± 0.81) with ambulatory 
BP measurement receiving the highest score (3.11 ± 0.93) 
indicating that patients preferred it the least. The largest 
between-method differences in individual questions were 
observed in comfort of use and disturbance of home life 
and everyday activities (P  <  0.001 for all between-method 
comparisons). Furthermore, ambulatory measurement was 
found to be more disturbing for work than home-night 
measurement (P < 0.001); 73.1% gave the lowest score, indi-
cating the most preferred method of measurement, for office 
BP measurement, 31.8% to home BP measurement and only 
1.3% and 2.2% to home-night and ambulatory BP measure-
ment, respectively. All between-method differences in the 
ranking for the most preferred measurement method were 
significant (P < 0.0001), except for between home-night and 
ambulatory measurement (P = 0.48, Table 1).

DISCUSSION

In this study, we found that acceptability of different BP 
measurement methods increased from ambulatory to home-
night to home to office measurement. The differences in 
acceptability between methods were mainly due to greater 
disturbance and discomfort caused by home-night measure-
ment and especially ambulatory BP measurement.

Two previous studies have shown ambulatory BP moni-
toring to be less acceptable to patients than office6 or home7 
BP measurement. In a study of 87 patients by McGowan and 
Padfield, 81% of the participants preferred home measure-
ment to ambulatory measurement because it caused less 
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sleep interference and embarrassment in public, gave the 
possibility to see the results immediately and provided a 
feeling of being more “in control.” The rest of the patients 
preferred ambulatory measurement because of the shorter 
duration of the procedure.7 In 2002, Little et al. compared 
the acceptability and preferences of all BP measurement 
methods available at the time in 63–156 patients: home BP 
measurement, ambulatory BP measurement, office measure-
ment by a nurse or a doctor, and self-measurement at the 
office.8 In this study, home measurement and office meas-
urement by nurse were 2 of the most popular methods while 
the acceptability of ambulatory BP monitoring was the low-
est. However, in contrast to our study, home BP measure-
ment was the most preferred method. This disparity may be 
due to the differences in study populations. In the study by 
Little et al., the participants were patients with newly diag-
nosed hypertension, whereas our study included a random 

population sample. Thus, the measurement methods were 
not ranked in a clinical setting where repeated office BP 
measurements over several years would most likely reduce 
their acceptability. In addition, our relatively arduous home 
measurement schedule, although in full accordance with the 
current guidelines, may have reduced the acceptability of 
home BP measurement.2,5 Although a longer period of home 
measurements increases diagnostic accuracy, the probability 
of lower compliance and acceptability increases at the same 
time.14 Instead of 7 home measurement days, 3 days might 
be sufficient for cardiovascular risk assessment and could 
lead to better acceptability.14

Ambulatory measurement has quite obvious drawbacks. It 
is a costly and laborious procedure with limited availability, 
especially in primary care. Because ambulatory monitoring 
is usually performed on a weekday with measurements every 
15–30 minutes, it often causes a major disturbance to work, 

Table 1.  Rating of different methods of blood pressure measurement

Home BP with nighttime 

measurement

Home BP without 

nighttime measurement

Office BP  

measurement

Ambulatory BP 

measurement

Disturbance and discomfort

1. It made me anxious 2 (1 to 5); 2.83 2 (1 to 2); 1.95 1 (1 to 2); 1.48 2 (1 to 5); 2.96

2. It disturbs home life or everyday activities 3 (2 to 5); 3.17 2 (2 to 4); 2.75 1 (1 to 2); 1.77 5 (3 to 6); 4.47

3. It disturbs sleep 5 (2 to 6); 4.46 1 (1 to 2); 1.62 1 (1 to 1); 1.26 5 (3 to 6); 4.60

4. It disturbs work 2 (1 to 4); 2.36 1 (1 to 3); 2.04 1 (1 to 2); 1.84 5 (2 to 6); 4.26

5. I was uncomfortable 3 (2 to 5); 3.58 1 (1 to 3); 2.15 1 (1 to 2); 1.64 5 (3 to 6); 4.24

Awareness

6. I was more aware of my blood pressure level 5 (4 to 6); 4.99 6 (5 to 6); 5.42 5 (4 to 6); 5.07 4 (2 to 6); 4.23

Uncertainty

7. I felt unsure what to do 2 (1 to 2); 2.11 2 (1 to 2); 1.86 1 (1 to 2); 1.42 2 (1 to 3); 2.10

8. There was a lot of waiting around 2 (1 to 4); 2.71 2 (1 to 4); 2.77 2 (1 to 3); 2.34 2 (1 to 5); 2.93

9. It worried me knowing the blood pressure 1 (1 to 2); 1.98 1 (1 to 2); 1.99 1 (1 to 2); 1.85 1 (1 to 2); 1.95

10. It was difficult to remember to do it 2 (1 to 3); 2.26 2 (1 to 3); 2.40 1 (1 to 1); 1.48 1 (1 to 2); 1.46

Accuracy

11. �It was worth the trouble to get accurate 
readings

6 (5 to 7); 5.59 6 (5 to 7); 5.79 6 (5 to 7); 5.78 6 (4 to 7); 5.43

Control and efficiency

12. I felt in control 6 (5 to 6); 5.50 6 (5 to 7); 5.85 6 (5 to 7); 5.86 6 (4 to 6); 5.25

13.� �It is a good way to save doctor or  
nurse time

6 (5 to 7); 5.75 6 (5 to 7); 5.86 6 (4 to 6); 5.05 6 (5 to 7); 5.65

Analysis

Mean (SD) item scorea 2.74 (0.81) 2.20 (0.70) 1.95 (0.63) 3.11 (0.93)

Difference in mean item score (95% Cl)  
compared with ambulatory monitoringb

−0.37 (−0.28 to −0.46), 
P < 0.001

−0.91 (−0.80 to −1.02), 
P < 0.001

−1.16 (−1.05 to −1.27), 
P < 0.001

Not applicable

The most preferred measurementc 3/223 (1.3%) 71/223 (31.8%) 163/223 (73.1%) 5/223 (2.2%)

 Values are median (interquartile range) and mean unless indicated otherwise. Ratings: 1 = disagree strongly; 2 = disagree; 3 = disagree 
slightly; 4 = unsure or not applicable; 5 = agree slightly; 6 = agree; 7 = agree strongly.

aScoring reversed for positive items (awareness, accuracy and control and efficiency). bAnalyzed by using repeated measures analysis 
of variance (ANOVA) and Bonferroni correction for post hoc comparisons. cCalculated from individual measurement scores interpreting the 
lowest score as the most preferred measuring method. All between-method differences in the ranking for the most preferred measurement 
method were significant (P < 0.0001), except for between home-night and ambulatory measurement (P = 0.48). Sum of percentages over 100% 
because of 19 equal scores for home BP and office BP measurement.
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everyday life and sleep. According to Beltman et  al., sleep 
disturbance was a serious problem for 16% of the patients, 
and only 23% of the patients reported having slept normally 
during ambulatory monitoring.6 Less frequent side effects of 
ambulatory monitoring included pain, skin irritation, dis-
turbing noise, inconvenience with work, and hematoma.6 
Despite its drawbacks, ambulatory measurement has also 
major benefits. It offers the possibility to take numerous BP 
readings over a 24-hour period for assessment of diurnal BP 
variation. In addition, ambulatory BP, and especially night-
time BP, has a stronger association with cardiovascular risk 
than office BP.15,16

Until now, the measurement of nighttime BP has been 
possible with only ambulatory monitoring. However, night-
time BP can now also be measured with timer-equipped 
home monitors. To our knowledge, this was the first exten-
sive study concerning users’ perspectives on home-night 
measurement. We showed that home-night measurement 
was slightly more acceptable than ambulatory monitoring. 
Consistent with our study, a brief report by Ushio with 40 
participants reported home-night BP measurement to be 
more comfortable to the patients than ambulatory moni-
toring.17 Preliminary results from a study with 854 patients 
have demonstrated that home-night BP could have at least 
an equally strong relationship with hypertensive end-organ 
damage than nighttime ambulatory BP.18 These findings sug-
gest that home-night BP measurement could provide some 
of the beneficial features of ambulatory measurement with-
out the same amount of discomfort and disturbance.

Although office BP measurement was more preferred than 
home BP in our study, it has been shown to have a poorer 
prognostic value than home19 and ambulatory BP.15 We there-
fore still believe that home BP measurement can be promoted 
as one of the best, if not the best, method for measuring BP 
in primary care. Several strategies should be considered for 
improving the acceptability of home, and especially ambula-
tory monitoring. Patients’ uncertainty and anxiety could be 
reduced with adequate measurement training. Patients should 
also be informed that out-of-office measurements provide 
better diagnostic accuracy as they are free from the white-coat 
effect that often results in unneeded prescriptions. In addi-
tion, most patients and healthcare providers benefit from the 
reduced number of visits to the clinic when home measure-
ments are used instead of office measurements. However, if 
neither home nor ambulatory BP measurement is feasible, 
the use of automated office BP measurement with the BpTRU 
measurement device should be considered as an option.20 This 
device takes multiple readings with the patient resting alone at 
the clinic thus eliminating the white-coat effect.

In conclusion, the acceptability of BP measurement meth-
ods increases from ambulatory to home-night to home to 
office measurement. Our study demonstrates that home-
night BP, which has been preliminarily shown to be at least 
equally strongly associated with end-organ damage as night-
time ambulatory BP,18 seems to be slightly more acceptable to 
patients than ambulatory BP monitoring. In the future, home-
night measurement could offer a more acceptable, accessible, 
and less expensive alternative to ambulatory monitoring. 
However, before home-night BP measurement can be widely 

promoted as an alternative method for measuring nighttime 
BP, more evidence of its prognostic significance is needed.
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