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Abstract

Aim
Guidelines recommend treating hypertension (HTN) keeping o�ce blood pressure (BP) within the
therapeutic range (TR) rather than aiming to achieve only cut-off value. Time of o�ce BP values in TR is
an independent predictor of cardiovascular events. However, data on home BP in TR are lacking.
Telehealth simplify collection and structure home BP. We aim to �nd reliable proportion of home systolic
(S) BP in TR (sBPiTR) and to evaluate its impact on overall BP control.

Methods
We used the data of HTN patients who participated in BP telemonitoring and counseling for 3 months.
We divided sBPiTR (110–130 mmHg, all SBP readings except the very or every 1st day) by quartiles (< 25;
25 to 49; 50 to 74; >74). A weighted Cohen's kappa coe�cient was an estimate of inter-rater reliability
between sBPiTR and o�ce SBP or home SBP in TR at 3 months. We used binomial logistic regression to
evaluate the predictive value of sBPiTR on target o�ce/home SBP achievement.

Results
A total of 123 patients were included (median age 54 years; 102 males) with a median o�ce SBP of 140
mmHg. By 3 months it decreased to 130 mmHg (p < 0.001), and 60.2% patients achieved a target of 120–
139 mmHg. More patients were in the upper sBPiTR quartiles (70% versus 30%). There was a slight
agreement between o�ce SBP in TR and sBPiTR ≥ 50% (k = 0.19, p < 0.035). The reliability increased
when countered against home SBP in TR (k = 0.32–0.65], p < 0.0001). Patients with sBPiTR ≥ 50% were
more likely to fall within o�ce SBP TR (OR 2.41, 95% CI [1.06 to 5.51] and home SBP TR (OR 5.2 95% CI
[2.06–13.12] after adjustment for baseline covariates.

Conclusion
The threshold of 50% of home SBP measurements within 110–130 mmHg has a slight agreement with
o�ce BP control and a fair agreement with home BP control. This variable may serve a predictor for
achievement of target SBP both for in- and out-of o�ce. Larger studies are needed to con�rm these
preliminary results.

Introduction
Over the past few decades, the concept of ‘target’ blood pressure (BP) has been revised several times,
gradually decreasing from 160/115 mmHg down to 130/80 mm Hg, and even lower [1, 2].



Page 3/16

In 2018, the European Society of Cardiology and the European Society of Hypertension (ESC/ESH)
Guidelines for the management of hypertension (HTN) were published [3] followed by Russian Ministry of
Health Guidelines in 2020 [4]. Experts still recommend measuring BP mostly in o�ce to diagnose HTN
and to use out-of-o�ce BP monitoring techniques if ‘these measurements are logistically and
economically feasible’. The de�nition of HTN per se remained unchanged regarding o�ce and
ambulatory BP cut-offs. Unlike the previous 2013 edition [5], current Guidelines introduced a certain
‘target range’ (TR) of o�ce BP values. This fundamental change poses several uncertainties at once.

As for the �rst one, there are still no corresponding target ranges for out-of-o�ce BP, neither for
ambulatory, nor for home (HBP). This issue is reported in the section ‘gaps in the evidence’ [3]. In the
recent 2021 ESH position paper by the Working Group on Blood Pressure Monitoring and Cardiovascular
Variability it was suggested that HBP values ≤ 130/80 mmHg should be achieved [6]. This statement,
however, was made with certain reservations due to the absence of speci�c supporting evidence.
Interestingly, in the ‘main changes’ section of the document there is another statement claiming ‘systolic
home BP between 125 and 135 mmHg [should be a target] for most people’ [6]. As for ambulatory BP
monitoring only 2017 ACC/AHA Guidelines provided the corresponding ambulatory TR [7]. Both European
and American experts agree on that the precise relationships between o�ce, ambulatory and home BP
are unsettled.

It is axiomatic that BP is not a single snapshot, but rather a dynamic measure with instant-to-seasonal
variations. O�ce and diurnal BP variability is a well-known risk factor in hypertensive patients [8] and it is
also true for home BP �uctuations [9, 10]. So, it seems reasonable to investigate BP ranges and not
speci�c targets. A time or proportion of BP readings in target range (TTR) may be also an attractive
therapeutic goal. Studies on o�ce BP TTR emerged in the last 5 years and different scienti�c groups
have found its association with major adverse cardiovascular events and mortality [11, 12]. As for
ambulatory BP-derived measures (dipping status, BP load, area under BP curve, time above BP threshold)
there is no clear consensus how to integrate them into clinical practice, as prognostic and diagnostic
relevance of the most of them are a matter of debate [13]. Here comes the second unknown: to our
knowledge, there are no studies aiming at home or ambulatory TTR.

Home BP monitoring (HBPM) is more attractive in terms of investigating TTR, as it is simple, feasible,
cost effective, and user-friendly technique [14]. Its predictive accuracy is much alike 24-hour BP and
superior to o�ce BP. It is also has high reproducibility even in the short-term, because of a higher number
of readings [6]. Its well-known di�culties (misreporting, handwritten logbooks, etc.) might be overcome by
mobile health and other digital interventions. Several recently published meta-analyses con�rm the
superiority of HBPM over conventional o�ce strategy especially when combined with BP telemonitoring
(BPTM), additional support and patient education [15–17]. Therefore ‘upgraded’ HBPM is advantageous
in obtaining reliable self-measured BP values for the custom timeframe to calculate and investigate TTR.

For this study we propose a therapeutic range between 110 and 130 mmHg for home systolic (S) BP to
be a reasonable target for treatment and control of HTN. We also hypothesized that patients with higher
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proportion of home SBP within the therapeutic range will have their o�ce and home BP controlled
independently of other confounding factors.

Methods
This was an open prospective one-group single-center 12-month study in patients with HTN, who
attended HTN Center of Excellence in the city of St. Petersburg, Russian Federation. Of those who met
inclusion/exclusion criteria were consecutively enrolled in a study with BPTM. 

Inclusion criteria: uncontrolled HTN (o�ce SBP level ≥ 140 mmHg or self-reported home SBP ≥ 135 mm
Hg and ongoing treatment with at least one antihypertensive drug in the last month). Exclusion criteria
were as follows: age above 80 years, symptomatic cardiovascular or other major comorbidities requiring
close medical monitoring (<3-month periods), pregnancy, signi�cant cognitive impairment, and active or
acute mental problem. All the patients were to have a smartphone/tablet with instant high-speed Internet
access (Wi-Fi or cellular 3 or 4 G).

The study design as follows: for the �rst 3 months patients are being actively monitored and counseled.
The rest 9 months of the study represent passive follow-up which implies no mandatory o�ce visits, and
patients might continue BPTM at their sole intention. The �nal visit should have been conducted at 12-
month point. For this analysis we used the data of the �rst 3-month active period.

All patients signed the informed consent document at the baseline visit. The study was carried according
to the ICH GCP standards and the Helsinki Declaration of the World Medical Association. The study
protocol was approved by the local ethics committee.

O�ce blood pressure

O�ce BP measurements were performed at baseline and at 3-month visits according to the ESC/ESH
Guidelines [3]. Each time, BP was measured with automatic oscillometric device Omron M3 Expert (HEM
7132-ALRU, Kyoto, Japan) after 3-5 minutes of quiet rest in sitting position with the back and (dominant)
arm supported. An appropriate bladder cuff was used, encircling at least 80% of the arm. Three serial BP
readings were taken 1–2 minutes apart, and the average of the last two readings was displayed. We used
two variations of SBP control in the o�ce: a cut-off of <140 mmHg or TR within 120-139 mmHg.

Blood pressure telemonitoring and online counseling

A free simple website and a mobile application was used for patient–physician communication as well
as storage and exchange of medical information. Detailed information on the hybrid telehealth solution
can be found elsewhere [18]. In brief, patients used the mobile application, while web-based software was
installed on o�ce computers at the clinical site. Each patient was managed by the same physician
throughout the follow-up period. At baseline, patients were registered in the program and their accounts
were linked to doctors’ ones. The interface allowed the patient to manually input the HBP data. A text chat
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window was available for remote consultations (an unlimited number with a 24- to 72-hour timeframe for
a physician to reply).

Home blood pressure monitoring

Initially it was recommended to record BP by a validated device in the morning and evening, 3 times in a
row with 1-minute intervals, before meals and drug intake, for 3 to 7 days. Patients were advised to
manually enter the last two BP readings into the electronic HBP diary. HBPM tutorials and the list of
validated devices (STRIDE-BP [19]) were available for patients in the dedicated ‘Support’ section of the
BPTM app. The supervising physician was advised to check HBP readings after the �rst week and then to
adjust HBPM accordingly (using the text chat). Results of HBPM guided antihypertensive treatment
titration. We used two variations of SBP control at home: a cut-off of <135 mmHg or TR within 110-130
mmHg.

Proportion of home systolic blood pressure readings in target range

Here we introduce the measure called proportion of home SBP readings in target range (sBPiTR). For this
analysis we express this variable as the percent of home SBPs which fall within 110 and 130 mmHg in a
certain time window (Equation 1)

Due to an observational nature of the study and our previous experience with BPTM, home monitoring
might be chaotic. So, we did not expect patients would monitor BP on the daily basis but rather skip some
days (or even weeks) taking breaks. 

Hence, we applied 2 scenario towards calculation of sBPiTR: (1) to analyze all available BP
measurements in the electronic diary except the very �rst day or (2) to analyze BP readings discarding
every �rst day if HBPM was interrupted ≥7 days.

We then divided sBPiTR (0-3 months) into 4 groups (quartiles): high rate of home SBP control (75-100%),
more than half of SBP readings in TR (50–74%), less than half of SBP readings in TR (25–49%), and low
rate of home SBP control (0-24%).

Statistical analyses

Descriptive statistics included median and interquartile range, IQR for continuous variables (the data were
non-normally distributed). We applied a frequency analysis (the χ2 test) to assess the contingency
between counts and proportions. We applied MacNemar’s test for the paired nominal variables.
Continuous variables were compared by Mann-Whitney U test, and Wilcoxon rank-sum test was used for
paired parameters. Weighted Cohen’s kappa coe�cient was used as a measure of inter-rater reliability
between o�ce/home SBP (nominal variable) and different sBPiTR quartiles. Kappa coe�cients were
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interpreted according to McHugh [20]. Spearman’s Rho (rs) coe�cient was used to assess the association
between the variables.

Multivariate logistic regression analysis was used to assess the associations between controlled HTN
(per o�ce (1) or home (2) SBP) as dependent categorical variables (in TR/not in TR) and sBPiTR (main
independent categorical variable), with the adjustment for age, sex, number of antihypertensive drugs,
baseline o�ce SBP (included as covariates). Only the best-case sBPiTR scenario was taken as a potential
predictor and the results are presented as the odds ratio (OR) and 95% con�dence interval (95% CI). 

Two-sided p values <0.05 were considered significant.  

Statistical analyses were carried out by two authors (MI, ME) using SPSS version 23 (IBM SPSS, Chicago,
IL, United States), Python Software Foundation (Python Language Reference, version 2.7; available at
http://www.python.org) and jamovi. (the jamovi project, version 1.6 for MacOS) retrieved from
https://www.jamovi.org.

Results

Baseline characteristics
The current study included 123 patients. The baseline characteristics are presented in Table 1.

http://www.python.org/
https://www.jamovi.org/
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Table 1
Baseline characteristics of study participants

Variable Median (IQR)

Age, y 54 (17)

Sex, males 102 (83%)

BMI, kg/m2 28.4 (5.2)

Obesity 43 (35%)

O�ce SBP, mmHg 140 (23)

O�ce DBP, mmHg 83 (18)

Heart rate, bpm 70 (14)

Type 2 diabetes mellitus 10 (8%)

High -to-very high cardiovascular risk (SCORE ≥ 5%) 102 (83%)

*Total cholesterol, mmol/L 5.23 (1.49)

*Serum glucose, mmol/L 5.76 (0.9)

*Serum creatinine, µmol/L 82.1 (22.0)

Number of medications 2 (1 to 4)

Footnotes. BP: blood pressure; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body
mass index. In categorical variables n+% are presented. For number of antihypertensive drugs median
and minimum to maximum are presented. *Missing data for total cholesterol, serum glucose and serum
creatinine in 17, 8 and 13 patients, respectively.

These were predominantly middle-aged, mildly hypertensive Caucasian males of high or very-high
cardiovascular risk. One third of them were overweight or obese, and less than 10% were diagnosed with
type 2 diabetes mellitus. They were prescribed a median of 2 drugs to treat HTN. Most of them were
taking RAAS inhibitors and diuretics in �xed combinations.

Overall results of a three-month surveillance
After the three months of close surveillance there was noted a signi�cant reduction of a median o�ce BP:
to 132 mmHg (IQR 16 mmHg) and to 80 mmHg (IQR 13 mmHg), p < 0.001 for both. By the end of an
active time window 74 of 123 patients had had their o�ce SBP in TR (p < 0.001) and in 93 of them o�ce
SBP was lower than 140 mmHg (p < 0.001). There was no change in heart rate (70 beats per minute [IQR
12], p = 0.08). Of 123 patients 59 (48%) had stopped HBPM after about 1 month, but after additional
phone calls or text noti�cations most of them resumed it. The mean number of text consultations within
the 3-month period was 37 ± 18 per patient. The number of antihypertensive drugs has not changed over
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time (median of 2 medications, p = 0.1). Most frequently patients were advised to change their
medications to more potent ones or due to side effects (48.6%) or no actions were taken (22.9%) and
patients were given only lifestyle advice. One adverse event was captured for the whole 3 months in this
cohort. It was drug-induced orthostatic hypotension with syncope in male who took his medications
before the strenuous physical activity (resolved without sequelae).

Home systolic blood pressure in target range
The median number of HBP measurements was 85 per patient (from 3 to 398). There were signi�cantly
more patients whose home SBP was in TR at 3 months (90 vs 30; p < 0.001). When the discrete home
SBP target (< 135 mmHg) was applied, we noticed that 110 patients achieved it (p < 0.001). There were
16.3%, 13.8%, 30.1% and 39.8% patients in lowest to highest sBPiTR quartiles, respectively (χ2 = 22; p < 
0.001). There were signi�cantly more patients with sBPiTR ≥ 50% than those with < 50% (87 vs 36 [1
scenario] and 86 vs 37 [2 scenario], p < 0.001 for both) but much fewer in the upper quartile (49 vs 74 in
both scenario, p = 0.03) (Fig. 1). There was no differences between quartiles or between ≥ 50% and ≥ 
75% groups regarding o�ce SBP and ∆ o�ce SBP. The only statistically signi�cant difference was noted
between ≥ 50% and < 50% (both scenario) in regards to home SBP at 3 months: mean difference − 4.00,
95% CI [-9.0 to -1.0], p = 0.03.

Our analysis revealed a slight inter-rater reliability of sBPiTR compared with o�ce BP in TR (second
scenario only) but not for discrete o�ce SBP cut-off (< 140 mmHg). There was a fair (second scenario) to
substantial (�rst scenario) agreement between sBPiTR ≥ 50% and home SBP in TR and a fair agreement
between sBPiTR ≥ 50% and home SBP < 135 mmHg. A fair agreements were found between sBPiTR ≥ 
75% (both scenario) and home SBP in TR (Table 2).
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Table 2
Inter-rater reliability between sBPTR and conventional therapeutic targets

Variable κ Cohen’s Spearman rs

sBPiTR. First scenario

sBPiTR (≥ 50% vs < 50%) X o�ce BP < 140 mmHg 0.03# 0.03#

sBPiTR (≥ 50% vs < 50%) X home SBP < 135 mmHg 0.36** 0.45**

sBPiTR (≥ 50% vs < 50%) X o�ce SBP in TR 0.09# 0.09#

sBPiTR (≥ 50% vs < 50%) X home SBP in TR 0.65** 0.65**

sBPiTR (≥ 75% vs < 75%) X o�ce BP < 140 mmHg -0.07# -0.1#

sBPiTR (≥ 75% vs < 75%) X home SBP < 135 mmHg 0.09# 0.2#

sBPiTR (≥ 75% vs < 75%) X o�ce SBP in TR 0.08# 0.09#

sBPiTR (≥ 75% vs < 75%) X home SBP in TR 0.21** 0.27**

sBPiTR. Second scenario

sBPiTR (≥ 50% vs < 50%) X o�ce BP < 140 mmHg 0.09# 0.1#

sBPiTR (≥ 50% vs < 50%) X home SBP < 135 mmHg 0.24** 0.29**

sBPiTR (≥ 50% vs < 50%) X o�ce SBP in TR 0.19* 0.19*

sBPiTR (≥ 50% vs < 50%) X home SBP in TR 0.32** 0.32**

sBPiTR (≥ 75% vs < 75%) X o�ce BP < 140 mmHg 0.07# 0.1#

sBPiTR (≥ 75% vs < 75%) X home SBP < 135 mmHg 0.09# 0.18#

sBPiTR (≥ 75% vs < 75%) X o�ce SBP in TR 0.11# 0.12#

sBPiTR (≥ 75% vs < 75%) X home SBP in TR 0.21** 0.27**

Footnotes. **P < 0.01, *P < 0.05, #P ≥ 0.05. sBPiTR: proportion of [home] systolic blood pressure readings
in target range; SBP: systolic blood pressure; TR: target range (for o�ce SBP: 120–139 mmHg; for home
SBP: 110–130 mmHg). First scenario: excluding the very �rst day of home blood pressure monitoring.
Second scenario: excluding every �rst day of home blood pressure monitoring if it interrupts for ≥ 7 days.

Multivariate logistic regression analysis (adjusted for age, sex, number of drugs, baseline o�ce SBP)
revealed that compared with the group whose sBPiTR was < 50% (the reference group), patients from the
group with ≥ 50% sBPiTR were more likely to have o�ce BP in TR (OR 2.41 [95% CI, 1.06–5.51]). This
was true as well for home SBP in TR (OR 5.2 [95% CI, 2.06–13.12]) and for home SBP < 135 mmHg (OR
7.58 [95% CI, 1.87–30.81]) but not for o�ce SBP < 140 mmHg (OR 1.56 [95% CI, 0.65–3.76]). The upper
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quartile of sBPiTR (compared to all other three) was associated only with home SBP in TR (OR 4.86 [95%
CI, 1.74–13.59]).

Discussion
Our small study reiterated that BPTM gives an opportunity to collect large amounts of home BP values.
Relying on the support of telehealth, we proposed sBPiTR as the new potential therapeutic target for
patients with HTN. We have revealed that a threshold of 50% of home SBP measurements within 110–
130 mmHg has a slight agreement with o�ce BP control and at least fair agreement with home BP
control. The latter becomes even more evident especially when HBPM protocol is followed strictly with
discarding every �rst day.

The term BP variability has been known for almost 30 years. About 20 years ago Rothwell et al.
suggested long term BP variability predicts stroke and coronary events in high risk patients [21], which
then was con�rmed in a meta-analysis of 33 studies by Stevens et al. in 2016 [22]. But the authors of the
latter study reasonably stated that BP variability is not simply calculated at hand, and it is unclear if
certain measures should be preferred over another (standard deviation, coe�cient of variation, variation
independent of mean, etc.). These necessitated the search for other and easy to use measures of BP
�uctuations, such as BP load [23], cumulative BP [24] and �nally, TTR.

Several scienti�c groups in the last 5 years were focused on TTR because this parameter represents BP
variability over the time course. This concept is ‘novel’ and nascent but only in the �eld of HTN as TTR
has been integrated successfully in other �elds of cardiovascular and preventive medicine, like vitamin K
therapy or diabetes treatment [25, 26]. Cohort studies with the data on hundreds of thousands of
participants have showed that BP TTR is closely associated with all-cause and cardiovascular mortality
as well as morbidity [11, 27]. Interestingly, in the recent secondary analysis of SPRINT study TTR was
found to be an independent predictor of major adverse cardiovascular events even after adjustment for
BP variability and a mean BP [12]. The raised interest to this new variable is intuitive because TTR re�ects
a more holistic view of an individual patient’s BP control. At least two trials used TTR as an endpoint [28]
or as a guide to make treatment decisions (HyperLink trial) [29].

The main body of evidence is based primarily on in-o�ce BP values in TR. In contrast, the uniqueness of
HBP is in the large amounts of data which could be easily collected within a short period of time (weeks
to months). So, there is no need to perform complex linear interpolation calculations to �nd TTR [30].
This makes HBPM favorably different from other measurement techniques. The main uncertainty lies in
the HBP TR per se because the Guidelines and experts do not point a de�nitive answer on this issue.
Bearing in mind that there is strong evidence on J-curve phenomenon [31] for the o�ce BP, and a belief
that there is a 10 mmHg difference between home and o�ce BP [6], for the present study we applied a
relatively �uent TR 110–130 mmHg.

Home BP is very valuable in clinical practice. However, a remarkable and counterintuitive phenomenon
has been recently discovered. Of all eligible for out-of-o�ce BP monitoring, only 3–4% are advised to
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perform HBPM and 15–16% of patients do it irrespective of the doctor’s advice [32]. How many of these
patients perform HBPM correctly? The accuracy and reliability of HBPM requires not only the use of a
validated device, but following standardized procedures, good patient education and training [10]. In this
regard BPTM is helpful for establishing HBPM regime, thus improving treatment adherence and doctor-
patient relations [33]. The proper HBPM may reduce the need for o�ce visits, as forced the recent COVID-
19 pandemic [34]. Therefore, our proposed target (sBPiTR) becomes even more crucial as self-monitored
BP in the long-term run.

The limitations of our study should be mentioned. These are relatively small number of patients
observed, the absence of a comparator group and an observational nature of study. All of these
contribute to selection, ascertainment, and information bias. On the other hand, the study design does not
mandatory need a comparison group. Also, an increase in the number of patients with no to very few
home BP measurements will most certainly fail to lead to an equal increase in the data reliability (i.e.,
compliance bias). In this regard we did our best to keep patients under follow-up and actively consulted
them so that HBPM continued properly. Regarding the relatively short study duration it should be �rstly
mentioned that (a) several ABPM indicators like BP load or area under BP curve [35] are calculated for 24
hours only and (b) in recent studies only few baseline home readings were used to enhance predictive
ability of BP pro�le (without continued HBPM) [36]. Secondly, we preferred 3 months as time-window
because of its principal importance for management of uncontrolled HTN [3, 7], during which Guidelines
recommend to achieve the TR.

In conclusion we should summarize that proportion of home sBPiTR may serve a reasonable treatment
target as it positively re�ects HTN control and may act as a predictor for achievement of target SBP both
in- and out-of o�ce.

Larger studies are needed to con�rm these preliminary results. We are extremely interested to pursue our
efforts in this direction. Further work will aim at increasing the number of patients in the ramping BPTM
program to con�rm its feasibility and perceived usefulness. We also aim to facilitate more structured
HBPM schedule and to proceed to automatic BP data uploading which is in line with the Internet-of-
Medical-Things paradigm [37] and is showed to be more reliable than manually imputed values [38]. We
plan to expand the follow-up for patients, the frequency of o�ce visits and compare the TTR with
sBPiTR. Finally, ABPM data should be integrated and sBPiTR should be tested against ‘hard’ endpoints
like organ damage.
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Figures

Figure 1

Proportions of patients with home systolic blood pressure in target range. A, excluding the very �rst day
of home blood pressure monitoring (scenario 1). B, excluding every �rst day of home blood pressure
monitoring if it interrupts for ≥7 days.


