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Introduction: Hy-Result is a rule management system designed to help patients to be compliant with the home blood pressure
measurement (HBPM) monitoring schedule and to understand their BP readings. The aim of the Hy-Result e-Health prospective study
is to evaluate the practice and experience of women using the Hy-Result coaching app for self-interpretation of BP readings during and
after pregnancy.
Methods: Participants were asked to: i) measure their BP at home; ii) use the Hy-Result app and send their PDF report to the
researcher; iii) answer anonymously to 3 online independent questionnaires (Q).
Results: A total of 107 women accepted to measure their BP and use the app. Among them 82 (77%) performed HBPM and used
successfully the system and 72 (88%) shared to the investigator their PDF report by email. Of these, 95% declared the software was
“easy” or “very easy” to use; 93% believe the software helps them to monitor their BP more effectively (74% agree, 18% somewhat
agree); 94% that the color code classification was “clear”; 76 (93%) affirmed that the app helped them when consulting their physician
for their BP evaluation. Majority (87%) perceived the software to be reliable. Furthermore, 71 (87%) said they trust the system and 51
(62%) declared that performing HBPM and self-interpret their readings was “reassuring” whereas 6 (7%) felt that it was “a concern”.
Conclusion: This study shows that the majority (88%) of pregnant women performed HBPM and successfully used the Hy-Result
software for self-interpretation of the BP readings. The use of the validated Hy-Result system by pregnant women may thus be
recommended in common practice by healthcare professionals and patient associations.
Keywords: hypertension, home blood pressure monitoring, health informatics, pregnancy, e-health, telemedicine, self-monitoring

Introduction
Hypertensive disorders in pregnancy affect 5–10% of pregnancies worldwide and remain a major cause of maternal, fetal,
and neonatal morbidity and mortality.1 Maternal risks include placental abruption, stroke, multiple organ failure, and
disseminated intravascular coagulation. The fetus is at high risk of intrauterine prematurity, growth retardation, and
intrauterine death, seen in 27%, 25%, and 4% of cases of pre-eclampsia respectively.2 Blood pressure (BP) should be
measured at every antenatal visit. However, even frequent antenatal consultations cannot predict nor identify fulminant
preeclampsia because its onset and progression can be rapid and often, asymptomatic. Thus, the “European Society of
Hypertension (ESH) Working Group on Blood Pressure Monitoring and cardiovascular variability” highlights the
substantial role of home BP monitoring (HBPM) for early diagnosis and management of pre-eclampsia.3 The ESH
Guidelines for the management of arterial hypertension recommend Home Blood Pressure Monitoring (HBPM) in
pregnancy, a well-accepted method that allows the diagnosis of white coat hypertension.4 Measurements at home during
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pregnancy appear to be similar to those in clinic; thus, management thresholds can be similar. Despite this, white-coat
hypertension is still commonly diagnosed.5

When asked about their preferences, many women choose to self-monitor their BP during pregnancy. Physicians
should therefore encourage them and provide them with improved information regarding HBPM to give them a better
knowledge about their BP and empowered them in their own care.3,6 Therefore, self-management is a useful way to
improve detection and BP control.

Nowadays, in this digital technology era, start-ups are developing interactive digital tools that give the general
population access to medical information in order to improve treatment compliance and health behavior. New tools,
available online or via smartphones applications (apps), are even offering personalized feedback to patients. With
mHealth, new possibilities exist to improve self-monitoring and allow pregnant women to be more empowered in
their own care and wellness.7,8 However, despite their potential advantages, these applications are two-edged swords and
very little is known about the reliability of many algorithms that remain a trade secret.9

A systematic review published in 2015 identified around 850-anglophone smartphone apps devoted to hypertension.10

An analysis of the first 107 smartphone apps developed for hypertension showed that, although intended primarily for the
general population, only three of them were developed by healthcare professionals. The remaining are turning smart-
phones into medical devices without any medical or governmental control under the pretext that they are developed
within the heading of ‘fitness’ or “wellness’.11 Many users do not assess the validity and reliability of the apps” content
with their physicians. In our experience, a third of women using an mHealth app during pregnancy monitored their BP at
home, but the majority did not seek any medical advice.12

Thus, we need to provide pregnant women with trustworthy apps for hypertension based on scientific research and
established guidelines.13,14 A good example, the Hy-Result system, a validated software that analyses HBPM and
provides users with a report that interprets their BP measurements based on algorithm according to the ESH 2018
international guidelines.13 In 2020, a patient’s perception study showed that most of the users described Hy-Result as an
easy-to-use and useful tool, but pregnant women were excluded from the evaluation.14 The aim of this study is to
evaluate the practice and the experience women using the Hy-result system during and after pregnancy.

Materials and Methods
Hy-Result App
Hy-Result is a rule management system designed to help patients to be compliant with the HBPM protocol and to
understand their BP readings. This coaching app generates a patient-friendly report according to the ESH recommended
BP thresholds [1,3]. Reliability of the system was evaluated through a clinical study published in 2016.13

Patients must follow several steps: i) Self-measure their BP at home; ii) report them in an online form along with their
medical profile; iii) click the icons “calculate” and “report” to obtain the automated interpretation of BP readings and
personalized text messages, generated by the Hy-Result algorithm. The mean BP for the whole self-measurement
sequence is displayed as numerical and color-coded results (grey, green, orange, and red, referring to the degree of the
hypertension control, with red being the worst). The final report (graphics + text messages) can then be downloaded and
saved in a portable document format (PDF) allowing it to be sent by email, printed, or transferred to a computer,
smartphone, or tablet. This report indicates: i) the total number of measurements; ii), the overall systolic BP average and
the diastolic BP average (overall, morning and evening); iii) the daily averages in graph form (see screenshot Figure 1). It
confirms the patient’s compliance with the self-measurement recommended monitoring schedule. This app is free, and
available in French and English at www.hy-result.com.

Study Design and Data Collection
We conducted a prospective descriptive, multicentric study between May 2019 and April 2021 in France. Overall, 10
centers were included: 5 maternity units, 2 European Society Hypertension (ESH) excellence hypertension centers, 1
primary care center, 2 patients’ associations network. We recruited 107 pregnant women, aged over 18-years-old, who
agreed to perform HBPM and send their BP reports to the researcher. The exclusion criteria were: having no internet
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access or personal email, an arm circumference > 32 cm and having arrhythmia or visual/cognitive impairment that
prevents the correct use of the sphygmomanometer.

Participants were asked to: i) measure their BP at home (3 measurements in the morning and 3 in the evening over
a minimum of 3 consecutive days (maximum 7 days), while sitting, after a rest period of at least 10 minutes; ii) send their
PDF report to the researcher; iii) answer anonymously 3 online independent questionnaires (Q) with closed questions. In
this observational work, the protocol left users free to continue self-monitoring their BP after childbirth; some women
chose to do so on their own.

Each questionnaire, developed in french based on expert knowledge of HBPM, was independent from the other,
without any tracking system, for anonymity purpose. Q1 validated the inclusion to the study and summed the HBPM past
history; Q2 detailed sociodemographic characteristics and past medical and obstetrical history. It evaluated also HBPM
experience using Hy-Result system during pregnancy; Q3, completed after delivery, tackled the medical practice and BP
evaluation and control in the post-partum.

There were 2 researchers (N.P.-V, D.S.) in this study that had the role of only retrieving the PDF files and extracting
the data from the questionnaires without having any medical intervention. Women could withdraw from the study at any
time. For regulatory reasons, the investigators were not allowed access to the medical files and the participants were free
to share their BP readings with their treating physician or midwife.

Statistical Analysis
Statistical analysis was performed using the IBM SPSS Statistics software, version 26. Categorical variables were
summarized as frequency and percentage. Continuous variables were presented as means, standard deviation, median,
minimum and maximum.

Ethical Consideration
The oral consent was obtained by the healthcare team after information about the study. Women confirmed their
agreement by an email sent to the researcher. The “Ile de France II” People Protection Committee approved the protocol
(number 2012-10-18- MS1).

Results
Among the 107 women (mean age 34.2 years old ± 4.7), (see Table 1, Baseline Characteristics) who accepted to measure
their BP, 82 (77%) responded to Q2 after using successfully the Hy-Result system. Among them, 24 (29%) declared
having a hypertension treatment during pregnancy (see Table 2). Seventy-two participants (88%) shared to the investi-
gator their PDF report by email. At the end of the study 64 post-partum Q3 were collected (see Figure 2, flow chart).

Figure 1 Screenshot of the Hy-Result report.
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Table 1 Included Population, Baseline Characteristics

Description N
Total = 107

%

Stage of pregnancy
- First trimester 14 13

- Second trimester 41 38
- Third trimester 52 49

Antihypertensive medications used before pregnancy
- Yes, as treatment of chronic hypertension 23 21.5

- Yes, only during a previous pregnancy 15 14.0
- No 69 64.5

Past history of gestational hypertension
- No history of hypertension during a previous pregnancy 27 25.2

- No because it’s the first pregnancy 36 33.6

- Yes 44 41.1

Performing HBPM before the study
- Yes, as part of chronic hypertension monitoring 15 14.0
- Yes, during a previous pregnancy 20 18.7

- Yes, occasionally to verify that there is no hypertension 26 24.3

- No, never 46 43.0

If performing HBPM before the study (n=61)
- At the request of the physician 33 54.1
- At the request of the midwife 3 4.9

- Own initiative 25 41.0

Table 2 Description of the Participants Who Responded to Q 2 (N = 82)

N
Total = 82

%

Recrutement centers
- Maternity unit 38 46.3
- ESH excellence hypertension center 16 19.5

- Primary care center 13 15.8

- Patients’ associations 15 18.3

Age of the pregnant women
- 18–25 years old 3 3.7
- 26–34 years old 42 51.2

- 35–39 years old 26 31.7

- 40–50 years old 11 13.4

Pregnancy’s stage at the inclusion
- First trimester 14 17.1
- Second trimester 32 39.0

- Third trimester 36 43.9

First pregnancy 36 43.9

Use of antihypertensive
medication during the study
- Yes, even before this pregnancy 19 23.2

- Yes, since this pregnancy 5 6.1
- No 58 70.7
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Out of the 107 pregnant women included, 76% declared that they had already monitored their BP before the survey,
with 56% having done so before the current pregnancy. Out of these, 41% decided to control it on their own initiative,
whereas 59% did it at the request of their treating physician or midwife.

Compliance to HBPM Monitoring Schedule
Out of the 72 e-mailed Hy-Result PDF report, 60 patients (83%) measured their BP 3 times in the morning, 3 times in the
evening, for at least 3 days as recommended by ESH guidelines. The mean number of consecutive days of monitoring
was 5 (CI 95% 4.57–5.43); 12 participants (17%) did not respect the recommended monitoring schedule. Figure 3 shows
the number of participants that were compliant (6 measurements per day) or not, according to the total number of
consecutive days count during which HBPM was performed. Sixty-four women answered Q3 after giving birth. Among
them, 48 (75%) shared their BP reports with their doctor or midwife (even when their measurements were in “Green”; 5
(8%) only when their measurements were in “Orange” or “Red”). After delivery, 31 women (48%) continued to self-
monitor their BP, half of them upon their physician’s request and the others on their own initiative.

Experience, Comprehension and Opinion
Women’s experience is analyzed with Q2 responses. Seventy-eight women (95%) considered the app “easy” or “very easy” to
use and 76 (93%) confirmed that the app helped them when consulting their physician for their BP evaluation. Furthermore,

Figure 2 Flow chart of included participants.

Figure 3 Compliance according to the consecutive number of days of HBPM.
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71 (87%) said they trusted the system and perceived the software to be reliable (Figure 4) and 51 (62%) declared that
performing HBPM and self-interpreting their readings was “reassuring” whereas 6 (7%) felt that it was “a concern”.

The majority of women (93%) agreed or partly agreed that the software helped them to monitor their BP more
effectively (Figure 5). Of the total number of women enrolled in the study (included lost to follow-up) 77% of them
performed HBPM and used the software.

Impact on Communication with the Healthcare Professional
When analyzing the responses to Q 2, we found that 56 women (68%) declared that “the software helps me talk to my
doctor or midwife about my BP readings”; 26 (32%) felt that it “has no impact on communication with my healthcare

Figure 4 Experience and comprehension regarding the Hy-Result system.

Figure 5 Women’s opinions regarding the Hy-result system’s usefulness.
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professional”. No women found that the software negatively interfered with the dialogue. Color-codes and text messages
were considered to be “clear” or “very clear” for 82 users (94%); only 3 women (4%) did not understand the instructions
generated by the system.

When seeing the green color-code, 70 women (85%) were reassured and did not contact their doctor; 10 patients
(12%) planned to visit their doctor (whether they understood the text messages or not) and 2 (2%) did not understood the
text messages and did not contact their doctor. If BP measurements were in the red zone, all the users would seek medical
advice: 33 (40%) would go immediately to the emergency department, 42 (51%) would visit their physician within 48
hours and 7 (9%) within the week (Figure 6).

Anxiety
In this study, we asked patients not only to self-measure their BP, but also to interpret their BP readings. Hence, we were
interested to see if this task generated anxiety. Q2 responses showed that 7% reported feeling anxious whereas 62% were
reassured.

Discussion
Recommending the use of the validated Hy-Result software is feasible in a clinical setting and daily life conditions among
pregnant women. These results converge with those obtained previously with hypertensive patients or in a population using
the Hy-Result app linked to their BP monitor but from which pregnant women were excluded.13,14 A large majority of
responders declared that Hy-Result software helps to monitor their BP more effectively. Even with the hypothesis that the 25
women lost to follow-up would have reported a negative opinion about self-monitoring of BP with the software, the
favorable opinions would remain in the majority: 76/107 (72%) of the participants would consider the software useful
(Figure 7).

Digital Care Pathway
In our study, the majority of women consider that the app is helpful. In fact, previous studies showed that the BP
measures helps patients to self-interpret their results and may allow them to correctly self-titrate their treatment.15–17

Figure 6 Participants’ reaction toward green ranked readings.
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When the means of the BP readings are in green based on the Hy-Result algorithm, 85% of women perceive the message
as reassuring and do not contact their doctor or midwife (Figure 6). A study published in 2018 showed that HBPM had
the potential to reduce the number of hospital visits.18 In this perspective, we expect that the Hy-Result app could
improve BP surveillance and antenatal care pathway. However, when the Hy-Result BP classification appears in “Red”,
all participating women understood that they should seek medical advice. Our study was not designed to confirm if they
had informed their physicians/mid-wife or not. Therefore, the potential impact of the Hy-Result App on the medical
pathway with an evaluation of an action plan is being studied in an ongoing study.

The percentage of women who communicated their results to the physicians was more than 80% if we consider only
consider the Q3 subgroups. It remains significant even if estimated from the initial inclusion population (62%) which has
a practical clinical impact for current practice. These rates are higher than what was found in our previous work in chronic
hypertensive patients or in pregnant women, where 23% of participants used Hy-Result app linked to a connected BP
monitoring by their self-motivation without any medical advice.13,14 In this study we explain this higher rate by the fact that
the use of the Hy-Result software was recommended by the doctor or midwife and was not found by the patients themselves
on the web. This medical recommendation improves compliance and confidence in the tool as shown in other studies.19,20

Compliance to Monitoring Schedule
Having a reliable HBPM is crucial for a correct management. However, the monitoring schedule and protocol may not be
respected by patients or clearly explained by health professionals. According to a French study published in 2011, only
17% of general practitioners teach their patients how to perform correct and standardized HBPM.21 By using the Hy-
Result coaching app, most of the women respected the monitoring schedule (83% of the participants did respect 3
consecutive measurements in the morning, 3 in the evening, for at least 3 days).

Anxiety
Several studies show that HBPM is feasible during pregnancy and reduces anxiety by creating a sense of reassurance and
empowerment.22–24 A randomized comparative study24 found a lower level of anxiety with self-measurement, versus
usual follow-up in consultation. In our study, we asked patients not only to self-measure their BP, but also to interpret
their BP readings. This additional task did not seem to increase their anxiety.

Hy-Result and BP Thresholds in Pregnancy
International guidelines lack consensus regarding BP thresholds in pregnant women. A recent review of the literature
suggests that HBPM thresholds for pregnant women should be the same as office BP because they assume that there
would be no difference between measurements at home and in consultation settings.5 The threshold for switching from

Figure 7 Participants’ opinion about the usefulness of the software.
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green to orange for the Hy-Result algorithm is BP> 135/85, following the European Society of Hypertension (ESH) and
the Canadian college guidelines.1,3,25 For hypertension during pregnancy the French society of hypertension (SFHTA)
guidelines recommend starting treatment when the office BP ≥ 160/110mmHg, is classified as a “Red” code by the Hy-
Result algorithm. The targeted BP after treatment is ≤160mmHg for Systolic BP and between 85 to 100mmHg for
diastolic BP.26 To date, the Hy-Result algorithm does not integrate these recommendations, but the app gives this text
message: “according to the CHIPS study a DBP under treatment between 80 and 85mmHg is associated with reduced
complications compared to higher diastolic BP levels”.27 As suggested by the ESH guidelines, more studies are needed to
define the BP target thresholds.1,3

Study Strengths and Limitations
This prospective study focuses on the contribution of new information and communication technologies in the practice
of HBPM and self-interpretation of BP readings during pregnancy. To our knowledge, this is the first study that
evaluated a patient-centered model and clinical self-decision support tool in pregnant women. Recent studies mainly
focus on remote monitoring and not self-management.28–30 However, the present study has some limitations. First, the
self-reporting bias. Although women were recruited from different centers, results cannot be generalized to the whole
of the pregnant women’s population. All the women included in the study (except 2) had a computer or a smartphone.
This high rate constitutes a selection bias. Second, because the responses were anonymous, we could not investigate
why women quit the survey after responding to Q1. In addition, each patient responded to each questionnaire
separately. Thus, the collection of the results was done independently and we could not identify the patients’ identity
nor analyze the results according to the BP levels, age or pregnancy stages. These correlations should be done in
a future work.

Perspectives
Hy-Result coaching app advocate seeking medical advice in the case of elevated measurements. Self-measurement may
reduce the number of unnecessary consultations but evaluation of the clinical impact of self-interpretation of the readings
with Hy-Result coaching app on the care pathway remains to be done in daily conditions. The current version of the
software includes only the arterial BP parameter without taking into consideration other major clinical signs in
preeclampsia (eg pain, proteinuria) which will help early diagnoses of pre-eclampsia. They will be taken into account
in a future version of the algorithm. As stated in the PDF reports, the software’s automated analysis does not replace that
of a physician or midwife. The text-messages are not medical advice but are only a support in self-management. Over the
last years, the use of digital health for home-based monitoring and telemonitoring is increasing to replace antenatal
hospital admissions.31 We suggest considering the self-management Hy-Result system as a first step preceding tele-
monitoring or medical consultation if necessary.

Conclusion
This study shows that the majority (88%) of pregnant women performed HBPM and successfully used the Hy-Result
software for self-interpretation of the BP readings. The use of the validated Hy-Result system by pregnant women may
thus be recommended in common practice by healthcare professionals and patient associations.
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