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Objective The aim of this study was to assess the

feasibility of self-monitoring of blood pressure with a

semiautomatic device in pregnant women.

Participants and methods Women attending routine

obstetrical ultrasound scanning were invited to participate.

The hospital staff initially demonstrated and instructed each

participant in correct measurement and then took three

measurements on both arms. The participant then repeated

the measurements and filled an evaluation questionnaire.

We used a validated semiautomatic device for all

measurements. Mean values were calculated for systolic,

diastolic and mean arterial blood pressure (MAP) and were

compared using the paired sample t-test. Mean values and

differences of systolic and diastolic pressure were plotted in

Bland–Altman plots to test the agreement of the

measurements. Finally, a mean evaluation score was

calculated.

Results One hundred pregnant women were included in

the study. Mean values of systolic, diastolic and MAP were

110.6, 69.7 and 83.3 mmHg, respectively, as assessed by the

hospital staff. The corresponding self-measurements were

111.4, 70.2 and 83.9mmHg, respectively. Mean differences

between hospital and self-measurements were 0.79mmHg

for systolic [P= 0.052, 95% confidence interval

(CI)=− 0.008 to 1.58], 0.49mmHg for diastolic (P= 0.056,

95% CI=−0.01 to 0.99) and 0.59mmHg for MAP (P= 0.019,

95% CI= 0.099–1.08). The mean evaluation score was

9.2 of 10.

Conclusion Differences between hospital staff and self-

measurements in systolic, diastolic and MAP are within

acceptable international standards. The semiautomatic

device Microlife-VSA is well suited for self-measurement;

however, safety studies on the use of home measurements

in hypertensive pregnancies are still warranted. Blood Press
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Background
Hypertensive disorders of pregnancy (HDPs) are leading

causes of morbidity and mortality during pregnancy for

the mother and her offspring [1–3]. Efficient diagnosis

and management of hypertension is paramount in pre-

vention of cardiovascular complications [4–7]. Blood

pressure is therefore measured frequently in antenatal

care, which allows for early detection and treatment of

hypertensive women.

‘Out-of-office’ monitoring of, for example, blood glucose

and anticoagulation has become popular in recent years

as the availability of home devices has increased. Self-

monitoring of blood pressure is also catching on, but has

been lagging behind in implementation possibly because

of measurement being more dependent on the user.

A large number of commercial blood pressure devices are

currently available, but few have been validated and

approved for use in pregnancy. Devices validated for

general use tend to underestimate high blood pressure

levels when used in pregnancy [8].

The aim of this study was to investigate whether preg-

nant women after instruction in the outpatient clinic

could reproduce measurements recorded by trained staff.

Participants and methods
This is an observational study exploring the reproduci-

bility of self-monitoring blood pressure measurement.

Using a validated semiautomatic device, blood pressure

measurement taken by educated staff members and by

the participants themselves were compared and tested for

differences. The participants evaluated the ease of self-

measurement and whether they felt comfortable mea-

suring their blood pressure on their own.

The study was conducted at the outpatient clinic in the

Department of Obstetrics and Rigshospitalet over a

period of 4 weeks. Patients were invited to participate in

the study on the basis of their routine translucency

nuchal scan or anomaly scan at gestational age 13 and

19 weeks, respectively. There were no exclusion criteria.
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After ultrasound scanning the women were directed to a

shielded area in the waiting room for assessment.

The measurement procedure followed international

guidelines from the Association for Advancement of

Medical Instrumentation (AAMI), European Society of

Hypertension (ESH) [9,10] and guidelines from the

Danish Hypertension Society (DAHS) [11] (Appendix 1,

Supplmental digital content 1, http://links.lww.com/BPMJ/

A38). The participants were seated in a chair with arms

supported at heart level while a short presentation of the

study was given that included an oral and visual

instruction on how to use the device. The participants

had the opportunity to ask questions about the measurement

procedure and try the device before use. Following this, the

circumference of the upper mid-arm was noted and an

appropriate cuff size was chosen. The available cuff sizes

were for a normal adult at the following dimensions:

M=22–32 cm and L–XL=32–52 cm. The participants had

their blood pressure measured three times with 10 s intervals

on each arm by a trained staff member (author F.F.L.) and

thereafter by themselves three times on each arm, although

the staff member was still present. The staff member did not

interfere during the self-measurement, but noted (without

the participant knowing) whether the process followed the

given guidelines. The participants inflated the cuff with the

opposite hand of the armmeasured. None of the results were

blinded, as the participants had to look at the device while

measuring. A paper checklist based on the above guidelines

was available at all times for the participants to read during

their measurements (Appendix 1, Supplmental digital

content 1, http://links.lww.com/BPMJ/A38).

After self-measuring, the participants evaluated the pro-

cess on the basis of six questions. They graded their

answers between 1 and 10 where 10 was ‘I completely

agree’. The questionnaire translated into English is pre-

sented in Table 1.

All blood pressure measurements were taken using the

device ‘Microlife Vital Sign alert (VSA)’, which is based

on an internal algorithm identical to the ‘BP 3AS1-2’; this

device has been validated for use in pregnancy, including

during hypotensive states and hypertensive disorders

of pregnancy [12,13]. The device is hand-held and

semiautomatic with a cuff that is manually inflated by

pumping.

Statistical analysis

No power calculations were performed. All calculations

were performed using SPSS, version 24 (International

Table 1 Evaluation of measurements by questionnaire

Questions Median Mean Interquartile range (25–75%)

It was easy to measure the blood pressure by myself 10 9.2 9–10
I followed the instructions completely 10 9.1 9–10
It was easy to read the monitor 10 9.8 10–10
It was easy to inflate the cuff by myself 10 8.9 8–10
I think, I can measure my blood pressure as precisely as the staff 9.5 8.8 8–10
I can easily and precisely monitor my blood pressure at home 10 9.2 9–10

The participants were asked to fill the questionnaire after all measurements had been taken. Participants were asked to grade from 1 to 10, where 10 was ‘I completely
agree’. The mean score was 9.2 and the evaluation was in general positive, indicating that the participants thought it was easy to self-monitor and they felt they easily would
be able to do it at home.

Table 2 Demographics of the study population (N= 100)

Mean Range Minimum Maximum SD

Age (years) 31.4 23 22 45 4.4
Weight (kg) 67.4 86.0 45.0 131.0 11.5
Arm circumference (cm) 25.8 14.0 21.0 35.0 2.6
Height (cm) 168.9 32.0 152.0 184.0 6.4
BMI (kg/m2) 23.6 29.5 16.9 46.4 4.0
Systolic blood pressurea 111.0 44.4 92.4 136.8 9.0
Diastolic blood pressurea 70.0 33.0 57.3 90.3 6.4
Gestational age (weeks) 15.3 9 11 20 3.6

Medium cuff : large cuff (n): 97 : 3.
aMean values of the systolic and diastolic pressures measured by staff and
participants.

Table 3 Blood pressures (N=100)

Mean Range Minimum Maximum SD

Hospital systolic (right arm) 112.1 42.0 91.7 133.7 9.8
Hospital systolic (left arm) 109.0 58.7 90.7 149.3 10.0
Hospital mean systolic 110.6 47.8 93.7 141.5 9.4
Hospital diastolic (right arm) 70.2 33.0 56.0 89.3 6.6
Hospital diastolic (left arm) 69.2 34.7 54.7 89.3 7.1
Hospital mean diastolic 69.7 33.5 55.8 89.3 6.7
Hospital MAP 83.3 34.7 68.9 103.6 71
Self-measurement systolic
(right arm)

113.3 50.3 94.3 144.7 10.0

Self-measurement systolic
(left arm)

109.4 40.5 88.5 129.0 8.9

Self-measurement mean
systolic

111.4 44.4 92.4 136.8 9.0

Self-measurement diastolic
(right arm)

70.8 32.3 58.0 90.3 6.7

Self-measurement diastolic
(left arm)

69.6 33.0 59.0 92.0 6.4

Self-measurement mean
diastolic

70.2 32.5 58.7 91.2 6.3

Self-measurement MAP 83.9 29.4 71.4 100.9 6.7
Mean right arm systolic 112.7 46.2 93.0 139.2 9.4
Mean left arm systolic 109.2 48.4 90.8 139.2 9.1
Mean right arm diastolic 70.5 32.8 57.0 89.8 6.5
Mean left arm diastolic 69.4 33.8 56.8 90.7 6.5

Means of systolic, diastolic and mean arterial blood pressure divided into right and
left arms. Mean arterial pressure are calculated from the mean of both left and
right arms.
MAP, mean arterial pressure.
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Business Machines Corporation, Armon, New York,

USA). The mean values of systolic, diastolic and mean

arterial pressure (MAP) were calculated. The MAP was

calculated as (2 × diastolic) + systolic/3. Mean differences

of MAP, systolic and diastolic pressure were tested for

significans by paired t-test. We considered a P value of

0.05 significant and reported corresponding 95% con-

fidence intervals (95% CIs). Systolic and diastolic dif-

ferences were plotted in Bland–Altman plots.

Ethics

All participants provided informed consent. The study

was exempted from ethical approval by the Regional

Ethical Committee for the Capital Region (Protocol

no. H-16022273).

Results
A total of 100 pregnant women were recruited, yielding

2400 measurements. Forty-eight measurements of either

systolic or diastolic pressure were omitted (2%) because

of incomplete measurement as the participants were not

able to inflate the cuff (n= 2), or because of errors from

the device or measurements varying more than 15 mmHg

from both other measurements made on the same arm

(n= 46); three women had less than two measurements

per arm. Two women did not fill out the evaluation

questionnaire.

The demographics of the population are shown in

Table 2. The mean age was 31 years. The mean BMI was

23.7 kg/m2. The mean arm circumference was 25.8 cm

and a medium-sized cuff fit 97% of the women. Three

women used a size L–XL cuff. All participants were

normotensive.

Mean values of blood pressure are shown in Table 3. The

mean systolic pressure was 110.6 mmHg when assessed

by the hospital and 111.4 mmHg when assessed by the

participants. The mean systolic difference was

0.79 mmHg (P= 0.052, 95% CI − 0.008 to 1.58). The

mean diastolic pressure was 69.7 mmHg when assessed

by the hospital and 70.2 mmHg when assessed by the

participants, hence a difference of 0.49 mmHg (P= 0.056,

95% CI=− 0.01 to 0.99). Table 3 shows the mean dif-

ferences in blood pressure.

To illustrate the agreement, we plotted the values in two

Bland–Altman plots: Fig. 1 illustrates the mean systolic

pressure and the corresponding mean difference, and

Fig. 2 illustrates the mean diastolic pressure and the

corresponding mean difference.

MAP (Table 3) was 83.3 mmHg for hospital measure-

ments and 83.9 mmHg for self-measurements; the mean

difference (Table 3) between hospital and self-measured

MAP was 0.59 mmHg (P= 0.019, 95% CI= 0.099–1.08).

Fig. 1
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The difference in mean systolic blood pressure for 100 participants in a Bland–Altman plot. The x-axis shows the mean systolic blood pressure, which
is the mean blood pressure for both right and left arms for both hospital and self-measurements. The y-axis shows the mean difference of self-
measurements and hospital measurements.
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As a secondary finding, a systolic difference was observed

between the right and left arms (Table 3). The mean

right arm systolic pressures were 112.1 and 113.3 mmHg

for the hospital and self-measurement, respectively, and

the mean left arm systolic pressures were 109.0 and

109.4 mmHg, respectively. Table 4 shows differences

between measurements with the corresponding P values.

The highest difference registered is the systolic pressure

difference between the right and left arms (mean

difference= 3.5 mmHg, P< 0.001, 95% CI= 2.6–4.4).

The mean score of the six evaluation questions was 9.2.

The questions (Table 1) that got the lowest scores were

questions 4 and 5 asking whether it was easy inflating the

cuff (mean score= 8.9) and whether participants felt they

could manage as precisely as trained staff (mean

score=8.8). In the commentary field, the participants

primarily asked for an automatic device. Seventy-six

(76%) participants followed all given instructions and

guidelines for correct measurement. The remaining par-

ticipants (24%) did not adhere to at least one of the

instructions as they either rotated the cuff backwards,

crossed their legs, talked during the measurement, did

not sit relaxed or were not able to inflate the cuff. They

were still included in the statistical analysis.

Discussion and conclusion
According to the AAMI and ESH guidelines, measure-

ments must not vary more than 5 mmHg to be valid.

Fig. 2

Mean diastolic blood pressure (mmHg)
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The difference in mean diastolic blood pressure for 100 participants in a Bland–Altman plot. The x-axis shows the mean diastolic blood pressure,
which is the mean blood pressure for both right and left arms for both hospital and self-measurements. The y-axis shows the mean difference of self-
measurements and hospital measurements.

Table 4 Differences in blood pressure (N= 100)

Mean difference SD P value 95% CI

Systolic difference, hosp. staff vs. self 0.79 0.40 0.052 −0.008 to 1.58
Diastolic difference, hosp. staff vs. self 0.49 0.25 0.056 −0.01 to 0.99
MAP difference, hosp. staff vs. self 0.59 0.25 0.019 0.099–1.08
Righta vs. lefta, systolic 3.5 4.50 <0.01 2.6–4.4
Righta vs. lefta, diastolic 1.1 2.58 <0.01 −1.6 to −0.57
Righta vs. lefta, MAP 1.9 2.60 <0.01 1.4–2.4

Paired t-test to test for significant differences. The difference in MAP and difference between right and left arm (diastolic, systolic and MAP) are statistical significant.
CI, confidence interval; MAP, mean arterial pressure.
aMean of staff and self-measurement.
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In our study, all the measured differences between hos-

pital staff and self-measurements were below 1mmHg

and therefore in accordance with these guidelines. All

P values were without statistical difference except for the

mean difference in MAP and differences between right

and left arms (Table 4). A difference in MAP of 0.59mmHg

is considered very small and without clinical impact. The

difference of 3.5mmHg in systolic pressure from the right to

the left arm can possibly be explained by normal physiological

variations [14] but can also be attributed to increased muscle

tension by manually inflating the cuff by pumping with the

nondominant hand (assuming most participants were right

handed). The difference is, however, consistent in the hospital

measurements.

The self-evaluation was in general positive, with a mean

score of 9.2 of 10. This shows that participants felt it was

easy to self-monitor and had a positive orientation

towards it. Proper instructions are also necessary to make

patients feel secure.

Validation of devices during pregnancy is important

because of haemodynamic changes occurring during

pregnancy [15]. The algorithms used in devices validated

for use in the general population with hypertension pri-

marily due to atherosclerosis may not apply to the vessels

in pregnant women [16,17]. The algorithm used in

Microlife-VSA is one of two validated devices recom-

mended in pre-eclampsia [12].

Our study based on the evaluation questionnaire has

confirmed that patients feel comfortable to self-monitor,

and ‘out-of-office’ management will possibly increase the

level of patient empowering, as well as compliance with

regard to treatment, and economize the time and

resources of hospital staff [18]. Also, ‘white-coat effect’

can be minimized and more frequent measurements can

be performed.

Self-monitoring with correct instructions in accordance

with existing guidelines will most likely increase the

quality of the assessment, mostly because those guide-

lines include multiple measurements and a setup that is

cumbersome and time-consuming for the staff in clinical

practice. It would seem to benefit both the woman and

the staff if the patient could measure her blood pressure

before entering the consultation. She could perform the

task in accordance with existing recommendations with

multiple measurements while simultaneously avoiding

the white-coat effect.

The potential benefits of self-measurement, either in the

waiting room or at home, are that the pregnant woman is

more comfortable monitoring her own blood pressure, it

reduces the white-coat effect, it increases accuracy and

improves patient convenience, and it reduces clinical

visits and saves time for the staff [19]. The potential

disadvantages are that only a few monitors have been

validated for use during pregnancy and the department

should provide the woman with devices for home mon-

itoring. Self-measurement may lead to fabricated or

wrongly measured values possibly because of the reluc-

tance in revealing abnormal values, which could indicate

ill health [20].

A limitation of the study is that the staff were still present

during the self-measurement. Even though the staff did

not interfere or answer questions during the self-

measurement their presence could have influenced the

precision with which the participant followed the given

instructions and therefore the result of the self-

measurement. Seventy-six (76%) participants followed

the guidelines correctly, which is likely higher than the

general population.

We conclude that there is good agreement between self-

measurement and measurements made by trained hospital

staff. Self-measurement with a Microlife-VSA is a safe way

for routine blood pressure control for otherwise healthy

women and thereby also increase patient empowerment.
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