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Impact of Self-Monitoring of Blood Pressure 
on Processes of Hypertension Care and 
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BACKGROUND: Self-monitoring of blood pressure (SMBP) improves blood pressure (BP) outcomes at 12-months, but informa-
tion is lacking on how SMBP affects hypertension care processes and longer-term BP outcomes.

METHODS AND RESULTS: We pooled individual participant data from 4 randomized clinical trials of SMBP in the United Kingdom 
(combined n=2590) with varying intensities of support. Multivariable random effects regression was used to estimate the 
probability of antihypertensive intensification at 12 months for usual care versus SMBP. Using these data, we simulated 5-year 
BP control rates using a validated mathematical model. Trial participants were mostly older adults (mean age 66.6 years, SD 
9.5), male (53.9%), and predominantly white (95.6%); mean baseline BP was 151.8/85.0 mm Hg. Compared with usual care, 
the likelihood of antihypertensive intensification increased with both SMBP with feedback to patient or provider alone (odds 
ratio 1.8, 95% CI 1.2–2.6) and with telemonitoring or self-management (3.3, 2.5–4.2). Over 5 years, we estimated 33.4% BP 
control (<140/90 mm Hg) with usual care (95% uncertainty interval 27.7%–39.4%). One year of SMBP with feedback to pa-
tient or provider alone achieved 33.9% (28.3%–40.3%) BP control and SMBP with telemonitoring or self-management 39.0% 
(33.1%–45.2%) over 5 years. If SMBP interventions and associated BP control processes were extended to 5 years, BP con-
trol increased to 52.4% (45.4%–59.8 %) and 72.1% (66.5%–77.6%), respectively.

CONCLUSIONS: One year of SMBP plus telemonitoring or self-management increases the likelihood of antihypertensive intensi-
fication and could improve BP control rates at 5 years; continuing SMBP for 5 years could further improve BP control.
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There is growing evidence that self-monitoring of 
blood pressure (SMBP) with guided support be-
yond usual primary care improves BP control.1,2 

The TASMINH (Telemonitoring And Self-Management 
in the Control of Hypertension) trials demonstrated 
that SMBP plus support, including telemonitoring 
(remotely monitoring patients using communication 
technology) and self-management (self-titration of 
medications), significantly improves BP control com-
pared with usual primary care.3–6 The effect of the 

short-term BP control in these trials has been extrapo-
lated in cost-effectiveness models, which suggest that 
the SMBP interventions are likely to be cost-effective 
provided that the BP effects are maintained for at least 
3 years.7–9 However, these models make assumptions 
about how SMBP affects clinical care processes (ie, 
antihypertensive intensification, time between visits) 
that result in BP lowering, which may not reflect per-
sistent effects of these components on longer-term BP  
control.
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Simulation models are an efficient way to extrap-
olate observations from short-term clinical trials to 
project longer-term outcomes and thereby inform clin-
ical guidelines and treatment decisions.10–12 The BP 
Control Model (BPCM) is a validated computer simula-
tion model that accurately predicts long-term BP out-
comes driven by 5 essential clinical care processes: (1) 
time between clinic visits, (2) accuracy of BP measure-
ments, (3) probability antihypertensive medications 
are intensified when BP is uncontrolled, (4) patient ad-
herence to prescribed antihypertensive medications, 

and (5) expected BP reduction when antihypertensive 
treatment is intensified (dose increase or new medica-
tion added).13,14

We sought to examine the impact of SMBP with 
varying levels of support on (1) processes of hyperten-
sion care (ie, antihypertensive regimen intensification, 
frequency of provider encounters) and (2) 5-year BP 
and hypertension control outcomes. To accomplish 
this, we estimated hypertension clinical care process 
measures using pooled individual participant data 
from the TASMINH trials and, after entering these data 
into the BPCM, simulated expected long-term BP and 
hypertension outcomes expected from usual care 
versus SMBP strategies. We then varied the modeled 
assumptions about how hypertension clinical care 
processes would be sustained over a 5-year period.

METHODS
The TASMINH data used in the Phase 1 analysis may 
be available to researchers for independent analysis 
subject to data governance permissions and submis-
sion of an approved statistical analysis plan. The BPCM 
and key inputs used in the Phase 2 analysis are availa-
ble to interested researchers upon reasonable request. 
Interested researchers can submit a 1- to 2-page re-
search proposal and collaboration plan to Dr. Bellows 
(BPCM) and are requested to contact Dr. McManus to 
discuss access requirements (TASMINH data).

Phase 1: Effect of SMBP on Processes of 
Hypertension Care and BP Outcomes
TASMINH Trials

We pooled individual participant data from 4 TASMINH 
trials: TASMINH (N=440), TASMINH2 (N=527), 
TASMIN-SR (N=450), and TASMINH4 (N=1173).1,4,6,8 
Participants included in the TASMINH studies had un-
controlled hypertension at baseline and were recruited 
from primary care clinics in the United Kingdom (detailed 
descriptions, including eligibility criteria, in Table  S1). 
Participants were randomized to receive either usual 
care alone or usual care with SMBP and support that 
varied according to the TASMINH trial design (Table 1).

At each study visit, BP was measured in the of-
fice using automated cuffs (Omron 705CP or BP 
TRU BPM 100 or 200). The primary outcome in each 
study was mean systolic BP (SBP) change from 
baseline with the SMBP intervention compared with 
usual care at 12 months. Additionally, each study col-
lected data, antihypertensive regimen changes, and 
healthcare utilization (number of physician visits) for 
both trial arms.

All TASMINH studies contributing data received 
full ethical approval from an independent National 
Research Ethics Committee and all participants 

CLINICAL PERSPECTIVE

What Is New?
• We used individual participant data from 4 ran-

domized clinical trials of self-monitoring of blood 
pressure (SMBP) with varying levels of support 
(eg, feedback to patient or provider alone, te-
lemonitoring or self-management) to examine 
the changes in the processes of hypertension 
care (eg, visit frequency, treatment intensifica-
tion) that led to observed 1-year blood pressure 
improvements.

• We used a validated mathematical model to 
project the 5-year blood pressure outcomes re-
sulting from 1 year of SMBP with varying levels 
of support based on the observed changes to 
hypertension care processes at 1 year.

What Are the Clinical Implications?
• We found that, compared with usual care, in-

creased levels of support for SMBP significantly 
increased the likelihood of antihypertensive in-
tensification after an uncontrolled blood pres-
sure measurement.

• Compared with usual care, we projected signifi-
cant improvements in blood pressure control at 
5 years after 1 year of SMBP with telemonitoring 
or self-management; increasing the duration of 
SMBP to 5 years further improved blood pres-
sure control.

• SMBP with increased levels of support, includ-
ing telemonitoring or self-management, in-
creases appropriate intensification of therapy 
and may be an effective way to improve long-
term blood pressure outcomes.

Nonstandard Abbreviations and Acronyms

BPCM Blood Pressure Control Model
SMBP self-monitoring of blood pressure
TASMINH  Telemonitoring And Self-Management 

in the Control of Hypertension study
D

ow
nloaded from

 http://ahajournals.org by on February 9, 2023



J Am Heart Assoc. 2020;9:e016174. DOI: 10.1161/JAHA.120.016174 3

Bryant et al Impact of SMBP on BP Care Processes and Control

provided written informed consent. Only anonymized 
data were used in the analyses described here.

SMBP Interventions

The comparator arm in all of the TASMINH studies was 
usual primary care received at the participants’ clinic 
with follow-up frequency at the discretion of their phy-
sician.1,4,6,8 We classified the 4 TASMINH SMBP trial 
interventions into 3 levels of support, with degree of 
support increasing with each level (Table 1).2,15 Level 1 
consisted of monthly SMBP physically located in the 
patients’ clinic and educational materials provided at 
the start of the trial without ongoing physician con-
tact.6 Level 2 consisted of monthly home SMBP, with 
instructions indicating when to contact the primary 
physician’s office.4 Level 3 consisted of monthly home 
SMBP with telemonitoring (patients sent BP readings 
to provider and received feedback via SMS text) and/
or a prespecified BP management plan, which directed 
the patient to self-titrate antihypertensive medications 
when indicated.1,4,8

Outcomes

The primary outcome of the Phase 1 analysis was 
the association between SMBP (by level of interven-
tion) and the hypertension clinical care processes (ie, 
physician visits, nonphysician visits, and antihyper-
tensive regimen intensifications) and BP outcomes 

(SBP and diastolic BP [DBP] changes from baseline) 
at 12 months. We defined physician and nonphysician 
visits separately as the total number of in-person visits 
during the 12-month follow-up. In Phase 1, treatment 
intensification was defined as the addition of at least 1 
new medication class.

Statistical Analysis

To determine the impact of SMBP interventions on 
the processes of hypertension care, we performed 
random effects regression analyses including the 
individual TASMINH study as a random effect. We 
estimated the probability of treatment intensifica-
tion at 12 months by level of intervention (with usual 
care as the reference category), controlling for key 
components in the BPCM: baseline age, sex, and 
baseline SBP and DBP, number of antihypertensive 
medications at baseline, number of physician visits, 
nonphysician visits, and the number of visits with a 
controlled SBP and DBP. We used random effects 
generalized least squares linear regression models 
to predict mean cumulative number of physician and 
nonphysician office visits after 12 months of follow-
up for each SMBP intervention level and controlled 
for age, sex, and baseline SBP and DBP.

To estimate the impact of SMBP interventions 
on changes in SBP and DBP at 12 months for each 
SMBP intervention level, we used random effects 
generalized least squares regression, again with 
the individual TASMINH study as a random effect. 
These models adjusted for key characteristics and 
events used in the BPCM: number of physician visits, 
number of nonphysician visits, number of antihyper-
tensive medications at baseline, number of antihy-
pertensive treatment regimen intensifications, age, 
sex, and baseline SBP and DBP. All analyses were 
performed using STATA version 14.1 (StataCorp LP, 
College Station, TX).

Phase 2: Simulating the Effect of SMBP 
Interventions on Long-Term BP Control 
Outcomes
BPCM Overview

The BPCM is an individual patient (ie, microsimula-
tion) model that simulates the weekly processes of 
hypertension management under usual primary care 
and can be used to simulate BP management inter-
ventions (Figure S1).13,14 Every week, the model de-
termines if the patient had an office-based visit with 
a physician. At each office visit, the model estimates 
the patient’s measured BP and, when uncontrolled, 
if the physician intensifies the patient’s antihyperten-
sive medication regimen. The model simulates treat-
ment intensification by first by increasing the dose of 

Table 1. Summary of the Original TASMINH Trial SMBP 
Interventions

Study SMBP Level2 and Description of Intervention*

TASMINH6 Level 1—In-clinic SMBP: Patients performed SMBP in 
the clinic once each month and were given cards with 
BP goals and when to seek medical appointment

TASMINH44 Level 2—Home SMBP: Patients performed SMBP at 
home 2 times per day, received instructions when to 
contact physician, and sent BP readings to provider 
through the mail 
Level 3—Home SMBP+telemonitoring: In addition to 
Level 2 home SMBP, telemonitoring service included 
patients sending BP readings to provider via text, 
alerted patients to contact office for very high or low 
BP readings, sent reminders if too few readings sent, 
and sent readings to general practitionerr office

TASMINH21 
and 
TASMIN-SR8

Level 3—Home SMBP+self-titration: Patients performed 
SMBP at home 2 times per day and given a color-
coded system to rate BP measurements. If BP was 
“above target” for ≥2 consecutive months, patients 
could self-titrate according to predetermined schedule

BP indicates blood pressure; SMBP, self-monitoring of BP; TASMIN-SR, 
Targets and Self-Management for the control of blood pressure in Stroke and 
at Risk groups; and TASMINH, Telemonitoring And Self-Management in the 
Control of Hypertension.

*All trials examined patients with uncontrolled BP in UK primary care 
settings. Usual care without SMBP was the comparator in each trial. No 
SMBP interventions included regular one-to-one contact with provider for 
BP management.
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an existing antihypertensive medication, then subse-
quently adding a new antihypertensive medication. 
Finally, patients may become nonadherent to (ie, per-
manently discontinue) antihypertensive medications 
each week. For this analysis, we adapted the existing 
BPCM to include the pill-taking execution compo-
nent of adherence (percentage of doses missed) and 
the impact it has on expected BP reduction, regres-
sion to the mean, and simulate SMBP support levels 
1 to 3 (Data S1).

The BPCM has been shown to use hypertension 
care processes to accurately predict 5 to 10-year 
SBP, DBP, and BP control rates when compared with 
the large US-based observational Multi-Ethnic Study 
of Atherosclerosis (MESA), the Antihypertensive and 
Lipid Lowering Treatment to Prevent Heart Attack Trial 
(ALLHAT), and the Valsartan Antihypertensive Long-
term Use Evaluation Trial (VALUE).13,16–18 Inputs for the 
BPCM were derived from published literature and na-
tional sources (Table S2).

Simulated Population

The BPCM was designed using participants from the 
2007–2014 National Health and Nutrition Examination 
Survey (NHANES). Similar to prior analyses, we cre-
ated a population of NHANES participants with uncon-
trolled BP matching the characteristics of the pooled 
TASMINH studies (Data S1).1,4,6,8

Model Adaptations

To simulate the impact each SMBP support level had 
on the processes of hypertension care, we calibrated 
2 key processes of hypertension care among US-
based BPCM inputs to match the Phase 1 regres-
sion model predictions from the UK-based TASMINH 
studies. We first calibrated the frequency of physi-
cian visits and then the probability of adding at least 
one new antihypertensive class at 1 year. We did not 
match antihypertensive medication adherence as 
this was not collected by all of the TASMINH stud-
ies and rather used existing model inputs (see Model 
Calibration and Validation).13 The expected blood 
pressure reduction from antihypertensive medica-
tions was derived from meta-analyses (Data S1, 
Table S3).19,20

Outcomes

Our primary outcome was simulated BP control 
rate (defined based on TASMINH trial thresholds as 
<140/90 mm Hg without diabetes mellitus or chronic 
kidney disease; <130/80 mm Hg with diabetes melli-
tus or chronic kidney disease) over 5 years. Secondary 
outcomes were mean SBP change, DBP change, and 
number of physician visits after 5 years.

Model Calibration and Validation

We validated the mean 12-month SBP and DBP 
changes predicted by the BPCM against the mean 
SBP and DBP regression estimates from the 
TASMINH studies described in Phase 1. For each 
simulated patient, we used the Phase 1 regression 
equations predicting changes in processes of care 
because of the level of intervention to determine 
their expected SBP and DBP changes and captured 
their BPCM simulated changes. As SMBP interven-
tions may improve adherence,21 we calibrated the 
US-based adherence parameters (Tables  S3 and 
S4) of the model until mean SBP and DBP changes 
were within ±2.5 mm Hg of the regression-based ex-
pected mean changes at 12 months for each SMBP 
support level based on opinion of clinically significant 
BP changes informed by hypertension management 
experience.

Statistical Analysis

We simulated 1000 probabilistic iterations of 1000 hy-
pothetical TASMINH trial patients (frequency matched 
to the pooled TASMINH studies) to compare BP re-
ductions under each of the 4 different SMBP support 
levels to usual primary care over 5  years. For each 
probabilistic iteration, the model randomly selected 
model parameters from prespecified distributions. We 
defined the 95% uncertainty intervals (95% UI) as the 
2.5th to 97.5th percentiles from the 1000 probabilistic 
iterations.

In the base-case analysis, we assumed that the 
SMBP intervention was implemented for 1 year, fol-
lowed by return to usual care afterward. We also as-
sumed that after SMBP intervention ended, the effect 
of SMBP on adherence would gradually decrease 
over time at a constant rate until it was no different 
than usual care by the end of 5  years (ie, 4  years 
after the end of the SMBP intervention). In the first of 
2 alternative scenarios, we assumed that SMBP in-
terventions were implemented for all 5 years (5-year 
SMBP intervention); thus, the impact on hyperten-
sion control processes and subsequent effect on BP 
was sustained for the entire 5 years. In the second 
scenario, we assumed that SMBP interventions were 
implemented for only 1 year, but the effect on patient 
medication adherence was sustained for 5 years. In a 
2-way sensitivity analysis, we examined the effect of 
simultaneously changing the duration of SMBP inter-
ventions (from 1–4 years) and the time until adherence 
returned to usual care values (from 0–4 years). In an-
other alternative scenario, we assumed no impact of 
SMBP on adherence over the entire time horizon. All 
Phase 2 analyses were performed using TreeAge Pro 
2019 (TreeAge Software, Inc, Williamstown, MA) and 
R (R version 3.3.2, Vienna, Austria).
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RESULTS
Phase 1: Effect of SMBP on Processes of 
Hypertension Care and BP Outcomes
Pooled TASMINH Population

TASMINH participants were mostly older adults (mean 
[SD] age 66.6 [9.5] years), male (53.9%), and largely 
white (95.6%). BP was assessed at baseline and after 
6 and 12 months of follow-up. Mean baseline SBP was 
151.8 (14.2) mm Hg; mean baseline DBP was 85.0 (9.8) 
mm Hg.

Antihypertensive Medication Intensification

After controlling for covariates in the pooled TASMINH 
studies, compared with usual care, SMBP interventions 
with more support, as opposed to self-monitoring alone, 
were associated with an increased likelihood of anti-
hypertensive medication intensification by 12  months 
(Level 2 odds ratio [OR], 1.8; 95% CI, 1.2–2.6; Level 3 
OR, 3.3; 95% CI, 2.5–4.2; Table 2). However, Level 1 
SMBP interventions (SMBP measured at clinic) were 
not associated with an increased likelihood of medica-
tion intensification compared with usual care (OR, 0.7; 
95% CI, 0.4–1.2). The odds of medication intensification 
were increased with each additional physician visit (OR 
1.4; 95% CI, 1.3–1.6) or nonphysician visit (OR, 1.3; 95% 
CI, 1.2–1.4) during follow up.

Physician and Nonphysician Visits

There was no apparent trend in the association be-
tween SMBP support level and number of office visits. 
(Table 3 and Table S5). SMBP Level 1 was associated 
with a small increase in physician office visits (0.7; 
95% CI, 0.4–1.0) compared with usual care; however, 
Level 2 was associated with a decrease (−1.2; 95% CI, 
−1.5 to −1.0) and Level 3 was not significantly different 
than usual care (−0.0; 95% CI, −0.2 to 0.2). Similarly, 
compared with usual care, Level 1 interventions were 

associated with a small increase in nonphysician vis-
its (0.4; 95% CI, 0.2–0.6), whereas both Level 2 (−0.8; 
95% CI, −0.9 to −0.6) and Level 3 (−0.4; 95% CI, −0.5 
to −0.3) were associated with small decreases.

SBP and DBP Changes

Compared with the SBP change with usual care at 
12 months (mean: −9.5 mm Hg), the adjusted SBP was 
3.5 mm Hg higher (95% CI, 0.9–6.0) for SMBP Level 
1, 3.8 mm Hg lower (95% CI, −5.8 to −1.8) for Level 2, 
and 5.4 mm Hg lower (95% CI, −6.9 to −3.8) for Level 
3 interventions (Tables S6 and S7). Similarly, compared 
with the DBP change with usual care at 12  months 
(mean: −4.7  mm  Hg), the adjusted DBP was no dif-
ferent for Level 1 (0.2 mm Hg; 95% CI, −1.3 to 1.3) but 
was significantly lower for both Level 2 (−1.5 mm Hg 
95% CI, −2.5 to −0.4) and Level 3 (−1.5 mm Hg; 95% 
CI, −2.2 to −0.7) interventions (Tables S6 and S8).

Phase 2: Simulating Long-Term BP 
Control Outcomes
BPCM Calibration and Validation

The simulated population was similar to the pooled 
TASMINH population at baseline; mean age was 
65.8 years (95% UI, 65.2–66.4), 53.9% (95% UI, 50.7–
56.7%) were male, mean baseline SBP was 152.0 mm Hg 
(95% UI, 151.4–152.7), and mean DBP was 84.3 mm Hg 
(95% UI, 83.8–84.9) (Table  S9). The calibrated BPCM 
accurately reproduced the regression analysis results in 
Phase 1. After calibration, all of the mean values for num-
ber of physician visits, antihypertensive medication inten-
sification, SBP change, and DBP change at 12 months 
predicted by the BPCM in Phase 2 were within the pre-
specified validation ranges (Table S10).

Simulated Long-Term BP Outcomes

According to the BPCM, usual care would result in a 
mean SBP of 140.8  mm  Hg (95% UI, 139.3–142.3), 

Table 2. Association Between SMBP Intervention Support 
and Odds of Regimen Intensification During 12-Month 
Follow-Up

Variable Odds Ratio

95% CI

Lower Limit Upper Limit

Support of intervention (REF: usual care)

Level 1 0.70 0.41 1.20

Level 2 1.80 1.20 2.60

Level 3 3.20 2.53 4.17

Model adjusted for number of physician visits, number of nonphysician 
visits, number of visits with BP controlled, age, sex, number of physician 
consultations, and baseline BP. Included 2266 patients from 4 studies. 
Analysis was a random effects logistic regression with study as a random 
effect. SMBP indicates self-monitoring of BP.

Table 3. Association Between SMBP Intervention 
Support With Number of Physician Visits During 12-Month 
Follow-Up

Variable
Beta 

Coefficient

95% CI

Lower Limit Upper Limit

Support of intervention (REF: usual care)

Level 1 0.70 0.37 1.04

Level 2 −1.24 −1.47 −1.00

Level 3 −0.03 −0.22 0.15

Model adjusted for age, sex, number of antihypertensive medications at 
baseline, and baseline BP. Included 2438 patients from 4 studies. Analysis 
was a random effects generalized least squares regression with study as a 
random effect. SMBP indicates self-monitoring of BP.
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mean DBP of 77.5 mm Hg (95% UI, 76.7–78.3), and 
33.4% BP control after 5 years (95% UI, 27.7–39.4%; 
Figure  1 and Table  S11). In the base-case, in which 
all BP processes returned to usual care values at 
12  months, 5-year BP control rates ended up simi-
lar to usual care with Level 1 (33.0% [95% UI, 27.7–
39.4%]) and Level 2 (33.9% [95% UI, 28.3–40.3%]), 
and were improved with Level 3 (39.0% [95% UI, 
33.1–45.2%]). In the first scenario in which SBPM-
related BP process improvements persisted for all 
5 years, 5-year BP control rates increased to 52.4% in 
Level 2 (95% UI, 45.4–59.8%) and to 72.1% in Level 3 
(95% UI, 66.5–77.6%). In the second scenario that as-
sumed adherence behavior was sustained for 5 years 
while other processes of care returned to usual care 
values, SMBP Levels 2 and 3 had BP control rates 
of 49.5% (95% UI, 43.7–56.0%) and 54.9% (95% UI, 
49.0–61.3%), respectively.

Sensitivity Analysis

BP control rates were sensitive to both the duration 
of SMBP interventions and the time until adherence 
returned to usual care values in the 2-way sensitivity 
analysis (Figure 2). Prolonging the duration of SMBP 
or time until adherence returned to usual care values 
improved BP outcomes at 5  years. In the scenario 
analysis where we assumed no effect of SMBP on 
adherence, only Level 3 continued to result in im-
proved BP control rates compared with usual care. At 
5 years, Level 3 resulted in 36.7% BP control with only 
1 year of SMBP and 53.5% BP control with 5 years 
of SMBP.

DISCUSSION
In this analysis based on pooled, individual participant 
data from 4 published SMBP trials (TAMSINH trials), 
we found that strategies with more support (Level 2 
or 3) increase the probability of clinically indicated an-
tihypertensive intensification, whereas self-monitoring 
alone (Level 1) does not differ from usual care. Using a 
mathematical model, we projected strategies with sup-
port may lead to substantial increases in hypertension 
control at 5 years. These data suggest that SMBP with 
cointerventions is an effective way to improve long-
term blood pressure control by reducing clinical inertia 
around treatment intensification.

Prior studies have examined the impact of SMBP 
on adherence and clinical inertia, but to our knowl-
edge this is the first to quantify the effect of SMBP on 
processes of routine hypertension care (ie, antihyper-
tensive intensification, time between visits) over an ex-
tended time period.21–24 The BP reductions projected 
by the BPCM in our study are consistent with observed 
findings from the few prior studies that examined the 
impact of SMBP on BP outcomes beyond 1 year.24–26 
However, none reported outcomes beyond 2  years. 
A trial of a tailored behavioral telephone intervention 
paired with SMBP found a nearly 4-mm Hg SBP re-
duction over 24 months compared with usual care.24 
Compared with usual care at 24 months, our model 
projected SBP reductions of 2.8 and 4.9 mm Hg with 
Level 2 and 3 SMBP interventions, respectively.

Meta-analyses have confirmed that SMBP accom-
panied by patient support consistently improves BP 
and the magnitude of this effect is directly associated 

Figure 1. Long-term simulated blood pressure control rates for SMBP interventions. 
(A) One year of SMBP followed by return to usual care; (B) 5 years of SMBP; (C) 1 year of SMBP with sustained adherence. The figure 
shows how blood pressure (BP) control changes over time when patients (A) return to usual care after 1 year of SMBP with various 
levels of support, (B) SMBP and the associated changes in hypertension care processes continues for 5 years, and (C) return to usual 
care after 1 year of SMBP but adherence behavior is sustained for 5 years. BP control is defined as BP <130/80 mm Hg with diabetes 
mellitus or chronic kidney disease and <140/90 mm Hg without chronic kidney disease or diabetes mellitus. The solid lines represent 
the mean BP control rate and the shaded areas the 95% uncertainty interval (2.5th to 97.5th percentiles); both derived from 1000 
probabilistic iterations. SMBP levels are defined as SMBP in clinic (Level 1), home SMBP with feedback when requested by patient 
(Level 2), and SMBP with telemonitoring or self-management (Level 3). SMBP indicates self-monitoring of blood pressure.
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with the level of the support.2,27,28 Several individual 
studies in US populations randomizing participants 
to SMBP with varying levels of support also demon-
strate the observed improvements in BP control in the 

TASMINH studies.29–31 Despite this evidence base, 
barriers to integrating SMBP into usual clinical prac-
tice remain.32–34 In the United States and the United 
Kingdom, about 18% to 33% of adults have used 
some form of SMBP, but the level of support provided, 
if any, is unclear.35,36 It is also unknown how effectively 
the BP information is communicated back to provid-
ers so that BP treatment may be intensified when BP 
is uncontrolled. In a qualitative study in the United 
Kingdom, patients using SMBP tended not to discuss 
their experience or BP results with their primary care 
providers,37 and providers have indicated they would 
like more patient involvement in hypertension care, 
though their clinical workflow is not always structured 
to handle these tasks outside of usual care.38 As pre-
viously demonstrated, without additional support or 
a cointervention, SMBP alone has little impact on BP 
outcomes.2,27,28 This notion is confirmed in the differ-
ential rates of BP control by intervention level in the 
current study.

Lack of communication between patient and 
clinical team regarding BP measurement outside 
of usual care and high rates of clinical inertia may 
be mitigated by supported SMBP. Our results show 
that increased support of SMBP (Level 2 or 3) signifi-
cantly reduces clinical inertia, an important barrier to 
achieving high rates of BP control. Self-titration, in-
cluded in the Level 3 SMBP intervention in our study, 
may be a viable strategy to support SMBP, reduce 
clinical inertia, and improve BP outcomes.39,40 Our 
findings support prior analyses that BP self-manage-
ment, including self-titration, may be a cost-effective 
way to significantly improve BP control.7–9 Our pro-
jections also show that healthcare providers should 
consider continuing SMBP interventions beyond 
1  year to sustain improvements in BP control with 
supported SMBP.

Limitations
There are a few limitations to note when interpret-
ing the results of our analyses. First, our covariate 
selection process for Phase 1 was restricted to those 
related to the processes of hypertension manage-
ment that may be simulated in BPCM. There may be 
other important confounders or interaction terms we 
did not consider. Second, because antihypertensive 
adherence was not measured in all of the TASMINH 
studies and the association of SMBP support level 
with antihypertensive adherence is unknown, we 
manually calibrated the effect of SMBP on antihyper-
tensive adherence in the BPCM. However, our cali-
brated estimates were similar to previously published 
ranges of observed antihypertensive adherence in 
SMBP trials.21 Additionally, the BPCM assumes that 
processes of hypertension care are independent of 
one another and it does not account for interactions 

Figure 2. Five-year blood pressure control rates when 
varying SMBP duration and time period over which treatment 
adherence returns to usual care.
The figure shows the blood pressure (BP) control rate at 5 years 
when simultaneously varying the duration of SMBP from 1 to 
5  years (x-axis) and how long it takes the impact of SMBP on 
adherence to return to usual care estimates (y-axis) in the BP 
Control Model. SMBP levels are defined as SMBP in clinic (Level 
1), home SMBP with feedback when requested by patient (Level 
2), and SMBP with telemonitoring or self-management (Level 3). 
BP Control defined as BP <130/80 mm Hg with diabetes mellitus 
or chronic kidney disease and <140/90 mm Hg without chronic 
kidney disease or diabetes mellitus. SMBP indicates self-
monitoring of BP.
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that may exist (eg, physicians may be less likely to in-
tensify medications in patients with poor adherence). 
The first TASMINH study found a slightly increased 
BP for Level 1 interventions compared with usual 
care, though other studies have demonstrated small, 
but not always statistically significant, decreases in 
BP for similar interventions.2,6 In our analysis, Level 
1 interventions were associated with lower adher-
ence rates, which is perhaps reflective of individuals 
discontinuing antihypertensive medications based 
on measured BP, which may be subject to improper 
measurement technique and lead to an apparent 
worsening of BP control. Additionally, we did not ex-
plicitly model adverse medication events. However, 
our adherence rates were derived from literature-
based estimates of antihypertensive discontinua-
tion for any reason. Lastly, limited long-term data are 
available regarding the duration of BP changes after 
return to usual care and, to our knowledge, no data 
examine long-term (up to 5 years) sustained SMBP 
interventions.41,42 However, our base-case approach, 
in which patients returned to usual care after the 12-
month SMBP intervention, resulted in a similar differ-
ence in SBP between Level 3 SMBP and usual care 
to a study that examined SBP outcomes 54 months 
after a 12-month telemonitoring with pharmacist 
management intervention. At 18 months, the differ-
ence in SBP for Level 3 SMBP versus usual care was 
−5.5 (−6.0 to −4.9) in our analysis, which is compara-
ble to the −6.6 (−10.7 to −2.5) for the intervention ver-
sus usual care in the published study. At 54 months, 
the difference in SBP was −2.3 (−2.8 to −1.7) in our 
simulation compared with −2.5 (−6.3 to 1.2) in the 
published study.42

CONCLUSIONS
In conclusion, our pooled analysis of individual partici-
pant data found that supported SMBP increased the 
likelihood of antihypertensive medication intensification 
over 12 months. Over 5 years, we projected that sup-
ported SMBP would significantly improve BP control 
compared with usual care. Our results underscore the 
importance of reducing clinical inertia in hypertension 
and that SMBP may be viable way to improve long-
term BP outcomes.
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SUPPLEMENTAL METHODS 

 

Blood Pressure Control Model Changes 

Adherence – Pill-taking Execution 

For this analysis, we first added the pill-taking execution component of adherence (i.e., taking 

medications exactly as prescribed). We derived the reduction in pill-taking execution, varied by 

number of antihypertensive medications, from two published meta-analyses of studies using 

electronic monitoring devices (Table S4).43-45 In the model, each individual was randomly 

assigned at baseline the percentage of doses they would take exactly as prescribed for one 

through five antihypertensive medications.  

 

Expected Blood Pressure Reduction 

As in prior analyses, we used the results of meta-analyses to estimate the reduction in BP with 

each full- and half-standard dose medication added to a patient’s regimen.13, 14, 19, 20 As we 

separately model discontinuation, we calculated the potential BP reduction to account for the 

25% of individuals reported to discontinue treatment in the meta-analysis by dividing the 

expected change by 0.75.19 

 

We derived the expected BP reduction with incomplete pill-taking execution from an analysis 

that estimated the percent of the total potential BP reduction achieved by incomplete execution 

values.46 As in that analysis, we assumed that SBP would decrease 5 mmHg per day when 

antihypertensives were not taken.46 For DBP, we assumed a decrease of 1 mmHg per day 

when antihypertensives were not taken. From this, we developed seventh-order polynomial 
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regression models to predict the percent expected BP reduction due to incomplete pill-taking 

execution. 

  

Similar to how we described adjustment for discontinuation above, we further divided the 

potential BP reduction by the expected percent of BP reduction achieved for each number of 

antihypertensive medications used to calculate the total potential BP reduction with treatment. 

For example, if the published Law et al. formula predicted an 8 mm Hg reduction in SBP with 

one full-standard dose antihypertensive medication, we estimated the total potential systolic 

blood pressure reduction while persistent as 8 mm Hg/(0.75*0.93) = 11.5 mm Hg, where the 

0.75 accounts for the proportion of patients who discontinued in Law et al. and 0.93 is the 

expected percent BP reduction using the mean pill-taking execution described in the Adherence 

– Pill-taking Execution section above. 

 

In the model, we estimated BP reduction achieved while persistent to antihypertensive 

medications by multiplying the total potential BP reduction by the predicted percent of BP 

reduction achieved with incomplete execution. If a patient discontinued their antihypertensive 

medication, we assumed they reverted back to their pre-treatment blood pressure. 

 

Regression to the Mean 

We used a published systematic review to generate estimates for changes in systolic and 

diastolic blood pressure due to regression to the mean stratified by baseline blood pressure.47 

The systematic review included 86 trials with a mean baseline age of 62 years, were largely 

male (66%), and had a mean baseline blood pressure of 146/85 mmHg. The trials included in 

the analysis had a relatively long follow-up period of 3.7 years. The extracted the “usual” blood 

pressure from each trial, which was derived from a combination of individual participant data, as 

reported in tables or text, estimated from published figures, and the final blood pressure at the 
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end of follow up. Regression to the mean was defined as the difference between the usual and 

baseline blood pressures. 

 

We derived regression to the mean estimates for SBP and DBP from the published meta-

analysis using the “digitize” R package.47, 48 We used the average of the baseline and 3-6 

months for the base-case model input. This was chosen as blood pressure management 

guidelines recommend: (1) using the "average of ≥2 readings obtained on ≥2 occasions" to 

estimate blood pressure and (2) reassessing elevated blood pressures (120-129/<80 mm Hg) 

and Stage 1 hypertension (130-139/80-89 mm Hg) with 10-year ASCVD risk <10% in 3-6 

months.49 We considered this group to meet both these criteria and represent current clinical 

practice. We assumed that changes to BP due to regression to the mean occurred linearly over 

the first 3 months of the time horizon and remained constant thereafter.47 

 

Self-Measured Blood Pressure Monitoring Measurements 

We modeled self-measured BP monitoring (SMBP) measurements using the validated 

Predicting Out-of-Office Blood Pressure in the Clinic (PROOF-BP) algorithm.50, 51 In the BPCM, 

patients in Level 3 SMBP interventions could intensify their antihypertensive medication regimen 

at home when their SMBP was high according to the predetermined self-management plan 

described in the TASMINH-2 and TASMIN-SR studies.1, 8 Accordingly, self-management was 

allowed a maximum of two times and was possible only after two consecutive months when 

SMBP was high, and could not occur if the physician had intensified their regimen in the 

previous week. 

 

Simulated Blood Pressure Control Model Population  

The simulation cohort was derived by pooling the 2007-2014 National Health and Nutrition 

Examination Survey (NHANES). We required individuals to have 3 measurements for both 
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systolic blood pressure (SBP) and diastolic blood pressure (DBP) and reported values for age, 

sex, race, body mass index, total cholesterol, low-density lipoprotein cholesterol, smoking 

status, diabetes, coronary heart disease, stroke, and serum creatinine. We also required to 

individuals to be diagnosed with hypertension (i.e., ever been told they have high BP or ever 

told to take or are currently taking a medication for hypertension) and have a usual source of 

care.  

 

From eligible NHANES individuals, we used calibrated propensity score weighting to create a 

population that matched the baseline characteristics of the pooled Telemonitoring And Self-

Management IN the control of Hypertension (TASMINH) trial participants. In the BP Control 

Model (BPCM) simulation, we used the propensity score weights to probabilistically sample 

(with replacement) 1000 simulated cohorts of 1000 individuals matching the TASMINH 

population.  

 

To determine if the sampling procedure accurately reproduced the TASMINH population, we 

compared the baseline characteristics of the simulated population to the pooled TASMINH 

population. We considered a mean from each simulated cohort valid if it was within 2.5% of the 

pooled TASMINH mean. However, based on clinical judgement, we required the simulated 

baseline mean SBP and DBP to be within 2.5 mmHg of the TASMINH pooled means, and within 

0.5 antihypertensive medications. We calculated the mean and 95% uncertainty interval (2.5th to 

97.5th percentile) of the baseline characteristics from the 1000 simulated cohorts in the BPCM 

and determined how many had a mean value within the validation range.  
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Table S1. Summary of TASMINH Trials.  

Population Comparator Arms Outcomes 

TASMINH6 (2005)   

Primary care patients from 8 clinics in south 
Birmingham (UK) 
 
Inclusion criteria:  

• Age 35-75  

• Receiving HTN treatment  

• One clinic BP reading 140/85 mmHg 

• Included if second BP 140/85-200/100 mmHg  

Exclusion criteria: Not specified 
Baseline characteristics 

N=441 Intervention Control 

Age 62.8 (8.5) 62.4 (9.9) 

Male 52% 43% 

White 95% 92% 
 

Control: Usual HTN care with 
family doctor. They received 
information on self-help methods to 
reduce BP. 
 
Intervention: Monthly in-clinic 
SMBP. Given record card with BP 
target <140/85 mmHg or <140/80 
mmHg with diabetes. Cards had 
information about goals and when 
to seek medical appointment. 

BP Outcomes 

 Intervention Control 

Baseline SBP 157.9 155.0 

12-mo. SBP 149.5 149.0 

Adjusted* 
Difference 

2.7 (-1.2, 6.6) 

Baseline DBP 88.7 (7.3) 88.0 (7.9) 

12-mo. DBP 82.1 81.5 

Adjusted* 
Difference 

0.1 (-2.3, 2.4) 

*Adjusted for practice, diabetic status, and sex 

   

TASMINH21 (2010)   

Primary care patients in West Midlands, UK, 
identified by GP or electronic search. 
  
Inclusion criteria:  

• Age 35-85 

• BP 140/90 mmHg 

• Willing to monitor BP and titrate own BP meds  

Exclusion criteria:  

• BP 200/100 mmHg 

• Postural hypotension 

• Terminal disease 

• Dementia 

• BP not managed by family doctor 

• Spouse already randomized 

Control: Usual HTN care with 
family doctor consistent with 
national guidelines. 
 
Intervention: Two home SMBP per 
day. Traffic-light color system to 
rate BP measurements, if “above 

target” for 2 months (4 days 
high/month), instructed to follow 
titration schedule. 
Home targets: <130/85 mmHg or 
<130/75 mmHg with diabetes 

BP Outcomes 

 Intervention Control 

Baseline SBP 151.9  152.0  

12-mo. SBP 134.7 140.3 

Adjusted* 
Difference 

-5.4 (-8.5, -2.4) 

Baseline DBP 85.0 84.5 

12-mo. DBP 77.5 79.8 

Adjusted* 
Difference 

-2.7 (-4.2, -1.1) 

*Adjusted for sex, general practice, baseline SBP 

150 mmHg, and diabetes and chronic kidney 
disease status. 
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Population Comparator Arms Outcomes 

Baseline characteristics 

N=527 Intervention Control 

Age 66.6 (8.8) 66.2 (8.8) 

Male 47% 47% 

White 95% 92% 
 

   

TASMIN-SR8 (2014)   

Primary care patients with history of CVD, 
diabetes, or CKD.  
 
Inclusion criteria:  

• Age 35 

• At least one: History of CVD, diabetes, stage 3 

CKD, or BP 130/80 mmHg 

Exclusion criteria:  

• Unable to self-monitor 

• Dementia 

• BP 180/100 mmHg 

• Postural hypotension 

• On 3 antihypertensives 

• In another BP study or TASMINH2 

• Spouse already randomized  

• Terminal illness 

• Pregnant 

• BP not managed by family doctor 

Baseline characteristics 

N=552 Intervention Control 

Age 69.3 (9.3) 69.6 (9.7) 

Male 60% 59% 

White 96% 97% 
 

Control: Usual HTN care with 
family doctor consistent with 
national guidelines. 
 
Intervention: SMBP and self-titrate 
antihypertensives following pre-
determined plan. When med 
changed needed according to pre-
determined protocol, patient sent 
paper form to doctor without need 
for face to face visit. Very high 

(180/100 mmHg) or very low 
(<100 mmHg systolic) required 
patient to contact practice. Home 
management plan had 3 steps, if 
all three steps completed and 
further escalation needed, patient 
returned to practice for further 
instruction. 

BP Outcomes 

 Intervention Control 

Baseline SBP 143.5 144.2 

12-mo. SBP 128.2 137.8 

Adjusted* 
Difference 

-9.2 (-12.7, -5.7) 

Baseline DBP 80.2 79.9 

12-mo. DBP 73.8 76.3 

Adjusted* 
Difference 

-3.4 (-5.1, -1.8) 

*Adjusted for baseline BP. 

   

TASMINH44 (2018)   
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Population Comparator Arms Outcomes 

Primary care patients (142 different practices) 
with hypertension in UK identified using 
electronic searches.  
 
Inclusion criteria:  

• Age 35 

• Known HTN 

• BP 140/90 mmHg 

• On at least 1 antihypertensive for 4 weeks 

Exclusion criteria:  

• Postural hypotension 

• Atrial fibrillation 

• Dementia 

• Stage 4 or worse CKD or worse 

• CKD with proteinuria 

Baseline characteristics 

N=1182 SMBP SMBP+TM Control 

Age 67.0 (9.6) 67.0 (9.3) 66.8 (9.4) 

Male 54% 53% 53% 

White 95% 95% 98% 
 

Control: Usual HTN care with 
family doctor consistent with 
national guidelines. 
 
SMBP: SMBP twice per day sent 
to practice weekly 
 
SMBP+TM: SMBP with readings 
sent via text – TM service used 
algorithm that alerted patients to 
contact office for very high or low 
readings, sent reminders if too few 
readings sent, sent readings to GP 
office 

BP Outcomes 

 SMBP SMBP+TM Control 

Baseline 
SBP 

152.9 153.2 153.1 

12-mo. SBP 137.0 136.0 140.4 

Adjusted* 
Difference 

-3.5  
(-5.8, -1.2) 

-4.7  
(-7.0, -2.4) 

- 

Baseline 
DBP 

85.1 85.5 86.0 

12-mo. DBP 77.8 78.7 79.7 

Adjusted* 
Difference 

-1.5  
(-2.7, -0.2) 

-1.3  
(-2.5, -0.0) 

- 

*Adjusted for baseline covariates. 

   

BP – blood pressure, CKD – chronic kidney disease, CVD – cardiovascular disease, DBP – diastolic blood pressure, HTN – hypertension, SBP – 
systolic blood pressure, SMBP – self-measured blood pressure monitoring, TM – telemonitoring. 
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Table S2. Blood Pressure Control Model Input Parameters. 

Variable Source Mean SD 
Lower  

Bound 

Upper 

Bound 
Distribution 

Probability of Intensifying Antihypertensive Medication 

Adding/titrating first antihypertensive 
during simulation 

 
     

SBP 160 mmHg or BP 140/90 
mmHg with diabetes or chronic 
kidney disease 

Published 
literature52, 53 

0.33 0.03 0.31 0.44 Beta 

SBP is uncontrolled but <160 
mmHg or BP <140/90 mmHg with 
diabetes or chronic kidney disease 

Published 
literature54, 55 

0.21 0.03 0.21 0.31 Beta 

Adding/titrating additional 
antihypertensive medications 

Bolen et al.56 0.13 0.03 0.07 0.20 Beta 

Calibration factors applied to means  
Usual Care: 

1.64 
Level 1: 1.41 Level 2: 2.50 Level 3: 2.00  

Return Visit Interval (Weeks) 

BP controlled Fontil et al.14 16.90 6.74 9.20 26.50 Gamma 

BP uncontrolled* 

Turchin et al.55 
~13.8 weeks 

     

Intercept (baseline weeks) 27.58 10.41 7.58 47.57 Gamma 

Changes to intercept due to patient 
and visit characteristics 

     

Age (per year) -0.15 0.01 -0.16 -0.12 Normal 

Female (vs. male) -0.56 0.41 -1.39 0.22 Normal 

White (vs. other races/ethnicities)  -1.00 0.49 -1.95 -0.04 Normal 

Last visit with primary care provider 
(vs. another provider)  

-2.90 0.31 -3.51 -2.30 Normal 

Antihypertensive medication added 
at the visit  

-2.08 0.20 -2.47 -1.69 Normal 
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Variable Source Mean SD 
Lower  

Bound 

Upper 

Bound 
Distribution 

Change in DBP since last visit (per 
mmHg increase)  

-0.06 0.01 -0.07 -0.04 Normal 

Calibration factors applied to mean for 
BP controlled and mean intercept for 
uncontrolled BP 

Usual Care: 
1.65 

Level 1: 1.43 Level 2: 2.77 Level 3: 1.61  

Quadratic formula components of age-related BP change stratified by baseline SBP  

<120 mmHg 

Franklin et al.57 

     

DBP      

Curvature component -0.007 0.001 -0.008 -0.005 Normal 

Curvature calibration factor  1.050 - - - - 

Slope component -0.190 0.008 -0.210 -0.180 Normal 

Slope calibration factor 0.650 - - - - 

SBP      

Curvature component 0.014 0.000 0.013 0.014 Normal 

Curvature calibration factor 0.350 - - - - 

Slope component 0.570 0.038 0.470 0.620 Normal 

Slope calibration factor 0.600 - - - - 

120-139 mmHg      

DBP      

Curvature component -0.011 0.001 -0.012 -0.010 Normal 

Curvature calibration factor 1.050 - - - - 

Slope component -0.170 0.040 -0.260 -0.100 Normal 

Slope calibration factor 1.000 - - - - 

SBP      

Curvature component 0.007 0.001 0.006 0.009 Normal 
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Variable Source Mean SD 
Lower  

Bound 

Upper 

Bound 
Distribution 

Curvature calibration factor 0.350 - - - - 

Slope component 0.750 0.070 0.610 0.890 Normal 

Slope calibration factor 0.600 - - - - 

140-159 mmHg      

DBP      

Curvature component -0.019 0.001 -0.021 -0.018 Normal 

Curvature calibration factor 0.650 - - - - 

Slope component -0.110 0.008 -0.130 -0.100 Normal 

Slope calibration factor 1.500 - - - - 

SBP      

Curvature component 0.001 0.003 -0.006 0.006 Normal 

Curvature calibration factor 0.350 - - - - 

Slope component 1.180 0.020 1.140 1.220 Normal 

Slope calibration factor 0.450 - - - - 

160 mmHg      

DBP      

Curvature component -0.018 0.003 -0.024 -0.011 Normal 

Curvature calibration factor 0.750 - - - - 

Slope component 0.020 0.045 -0.060 0.120 Normal 

Slope calibration factor -4.000 - - - - 

SBP      

Curvature component 0.013 0.005 0.004 0.025 Normal 

Curvature calibration factor 0.350 - - - - 

D
ow

nloaded from
 http://ahajournals.org by on February 9, 2023



 

Variable Source Mean SD 
Lower  

Bound 

Upper 

Bound 
Distribution 

Slope component 1.970 0.140 1.730 2.290 Normal 

Slope calibration factor 0.400 - - - - 

BP reduction with treatment 

Per full-standard dose added 

Law et al. 2003 
and 200919, 20 

     

Mean DBP reduction at 90 mmHg  4.70 0.42 2.35 7.05 Gamma 

Coefficient of reduction per mmHg 
decrease in pretreatment DBP 

0.11 0.03 0.06 0.165 Gamma 

Mean SBP reduction at 150 mmHg 8.70 0.36 4.35 13.05 Gamma 

Coefficient of reduction per mmHg 
decrease in pretreatment SBP 

0.10 0.03 0.05 0.150 Gamma 

Per half-standard dose added      

Mean DBP reduction at 90 mmHg  3.70 0.31 3.10 4.3 Gamma 

Coefficient of reduction per mmHg 
decrease in pretreatment DBP 

0.09 0.02 0.05 0.13 Gamma 

Mean SBP reduction at 150 mmHg 6.70 0.28 6.10 7.20 Gamma 

Coefficient of reduction per mmHg 
decrease in pretreatment SBP 

0.08 0.02 0.04 0.12 Gamma 

BP visit-to-visit variability 

DBP - Adherent 

Kronish et al.58 

6.20 2.60 1.10 11.30 Normal 

DBP - Nonadherent 6.80 2.80 1.31 12.29 Normal 

SBP - Adherent 10.50 4.50 1.68 19.32 Normal 

SBP - Nonadherent 11.40 4.90 1.80 21.00 Normal 

BP Regression to the Mean 

SBP 
Salam et al.47 

     

<120 mm Hg 4.06 3.44 - - Normal 
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Variable Source Mean SD 
Lower  

Bound 

Upper 

Bound 
Distribution 

120-129 mm Hg 3.05 1.44 - - Normal 

130-139 mm Hg 0.25 0.25 - - Normal 

140-149 mm Hg -1.78 0.62 - - Normal 

150-159 mm Hg -4.57 2.18 - - Normal 

160 mm Hg -9.14 2.80 - - Normal 

DBP      

<70 mm Hg 2.19 1.85 - - Normal 

70-79 mm Hg 0.61 0.29 - - Normal 

80-89 mm Hg -0.38 0.37 - - Normal 

90-99 mm Hg -3.11 1.08 - - Normal 

100 mm Hg -4.99 1.88 - - Normal 

Expected BP Reduction Due to Incomplete Pill-taking Execution 

Derived Polynomial Regressions 

Lowy et al.46 

SBP  DBP   

Intercept 0.001 - -0.0001 - - 

First-order coefficient -0.13 - 3.41 - - 

Second-order coefficient -0.48 - -4.39 - - 

Third-order coefficient 24.25 - 2.55 - - 

Fourth-order coefficient -60.90 - -1.56 - - 

Fifth-order coefficient 59.58 - 1.53 - - 

Sixth-order coefficient -23.81 - -0.27 - - 

Seventh-order coefficient 2.49 - -0.27 - - 

BP – blood pressure, DBP – diastolic blood pressure, SBP – systolic blood pressure. The table shows the model inputs, the source from which 
they were derived, and estimates of uncertainty in the model. Lower and upper bounds were preferentially derived from reported 95% confidence 
intervals or ranges or calculated using sample size or variance estimates as available. *When blood pressure was uncontrolled, the return visit 
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interval was calculated by adjusting the intercept based on the patient’s and last visit’s characteristics by the number of weeks indicated in the 
table. 
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Table S3. Calibrated Medication Persistence and Pill-Taking Execution Model Inputs.43, 44 

 Usual Care Level 1 Level 2 Level 3 

1-year probability of 
discontinuation* 

43.00% 49.88% 36.55% 36.55% 

Pill-taking execution†     

1 Antihypertensive 85.00% 79.00% 95.00% 95.00% 

2 Antihypertensives 76.79% 67.50% 92.26% 92.26% 

3 Antihypertensives 73.50% 62.90% 91.17% 91.17% 

4 Antihypertensives 62.00% 46.80% 87.33% 87.33% 

*Probability of discontinuation at 1 year includes discontinuation for any reason.  
†Pill-taking execution is the percentage of times antihypertensive medication is taken exactly as 
prescribed. 
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Table S4. Calibrated Usual Care Pill-Taking Adherence Inputs Compared to Published 

Meta-Analyses. 

Pill-taking execution* 
BPCM - Usual 

Care 

Claxton et al. 

Meta-Analysis43 

Iskedjian et al. 

Meta-Analysis45 

1 Antihypertensive 85.00% 79.00% 91.40% 

2 Antihypertensives 76.79% 69.00% 87.10% 

3 Antihypertensives 73.50% 65.00% 
83.20% 

4 Antihypertensives 62.00% 51.00% 

*Pill-taking execution is the percentage of times antihypertensive medication is taken exactly as 
prescribed. 
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Table S5. Linear Regression of Number of Non-Physician Office Visits During 12-month 

Follow-up. 

Variable 
Beta 

Coefficient 

95% Confidence Interval 

Lower Limit Upper Limit 

Intensity of Intervention (REF: Usual Care)       

Level 1 0.40 0.21 0.59 

Level 2 -0.76 -0.90 -0.63 

Level 3 -0.43 -0.54 -0.32 

DBP – diastolic blood pressure, SBP – systolic blood pressure. 
 
Model adjusted for age, sex, number of antihypertensive medications at baseline, and baseline BP. 
Included 2,438 patients from 4 studies. Analysis was a random effects generalized least squares 
regression with study as a random effect. 
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Table S6. Observed Blood Pressure Changes Relative to Baseline and Usual Care at One 

Year by Level of Intervention in TASMINH. 

Intervention 
Baseline 

Mean 
12-month 

Mean 

Change 
from 

Baseline 

Adjusted 
Difference vs. 

Usual Care* 

Systolic Blood Pressure     

Usual Care 151.31 141.50 -9.81 - 

Level 1 157.41 148.98 -8.43 3.46 

Level 2 152.93 136.97 -15.96 -3.79 

Level 3 150.45 133.54 -16.91 -5.37 

Diastolic Blood Pressure     

Usual Care 84.82 79.84 -4.98 - 

Level 1 88.92 82.98 -5.94 0.25 

Level 2 85.07 77.80 -7.27 -1.46 

Level 3 84.22 76.97 -7.25 -1.46 

TASMINH – Telemonitoring And Self-Management IN the control of Hypertension. 
 
*Adjusted for age, sex, baseline blood pressure, and baseline number of antihypertensive medications, 
number of physician consultations, non-physician consultations, and number of times treatment was 
intensified. 
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Table S7. Linear Regression of Systolic Blood Pressure During 12-month Follow-up. 

Variable 
Beta 

Coefficient 

95% Confidence Interval 

Lower Limit Upper Limit 

Intensity of Intervention (REF: Usual Care)       

Level 1 3.46 0.87 6.04 

Level 2 -3.79 -5.82 -1.76 

Level 3 -5.37 -6.90 -3.84 

DBP – diastolic blood pressure, SBP – systolic blood pressure. 
 
Model adjusted for age, sex, number of antihypertensive medications at baseline, baseline BP, number of 
physician consultations, non-physician consultations, and number of times treatment was intensified. 
Included 2,438 patients from 4 studies. Analysis was a random effects generalized least squares 
regression with study as a random effect. 
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Table S8. Linear Regression of Diastolic Blood Pressure During 12-month Follow-up. 

Variable 
Beta 

Coefficient 

95% Confidence Interval 

Lower Limit Upper Limit 

Intensity of Intervention (REF: Usual Care)       

Level 1 0.25 -1.05 1.54 

Level 2 -1.46 -2.47 -0.44 

Level 3 -1.46 -2.24 -0.69 

DBP – diastolic blood pressure, SBP – systolic blood pressure. 
 
Model adjusted for age, sex, number of antihypertensive medications at baseline, baseline BP, number of 
physician consultations, non-physician consultations, and number of times treatment was intensified. 
Included 2,438 patients from 4 studies. Analysis was a random effects generalized least squares 
regression with study as a random effect. 
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Table S9. Blood Pressure Control Model Validation of TAMSINH Population. 

 
TASMINH Mean or %  

(Validation Range) 

BPCM 

Mean or % (95% UI) 
% in Validation 

Range 

Demographics    

Age 66.6 (64.9, 68.3) 65.8 (65.2, 66.4) 100.0% 

Male 53.9% (51.4%, 56.4%) 53.9% (50.7%, 56.7%) 88.8% 

White 95.6% (93.1%, 98.1%) 95.5% (94.3%, 96.7%) 99.5% 

Baseline BP 
Characteristics 

   

SBP 151.8 (149.3, 154.3) 152.0 (151.4, 152.7) 100.0% 

DBP 85.0 (87.5, 82.5) 84.3 (83.8, 84.9) 100.0% 

Number of antihypertensive 
medications 

1.5 (1.0, 2.0) 1.4 (1.3, 1.4) 100.0% 

Clinical Characteristics    

Body mass index 29.8 (29.1, 30.5) 30.5 (30.1, 30.8) 52.4% 

Coronary heart disease 
history 

5.3% (2.8%, 6.8%) 5.3% (4.0%, 7.0%) 100.0% 

Stroke history 6.5% (4.0%, 9.0%) 6.4% (4.9%, 8.2%) 99.2% 

Chronic kidney disease 12.7% (10.8%, 14.9%) 12.7% (10.9%, 14.6%) 99.0% 

Diabetes 15.9% (13.4%, 18.4%) 16.1% (13.8%, 18.2%) 97.7% 

Current Smoker 7.3% (4.8%, 9.8%) 7.3% (5.9%, 9.1%) 100.0% 

95%UI – 95% uncertainty interval, BP – blood pressure, BPCM – Blood Pressure Control Model, DBP – 
diastolic blood pressure, SBP – systolic blood pressure, TASMINH – Telemonitoring And Self-
Management IN the control of Hypertension. 
 
The simulated population means and 95% uncertainty intervals (2.5th to 97.5th percentiles) are derived 
from 1,000 probabilistic iterations of the BPCM. 
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Table S10. Blood Pressure Control Model Validation of Predicted TAMSINH Processes of 

Care and Blood Pressure Outcomes at 12 Months. 

 

TASMINH Predicted  

Mean or %  

(Validation Range) 

BPCM 

Mean or % (95% UI) 
% in Validation 

Range 

Processes of BP Care    

Number of Physician Visits    

Usual Care 1.8 (1.6, 2.0) 1.7 (1.5, 2.0) 89.6% 

Level 1 2.5 (2.3, 2.8) 2.4 (2.1, 2.8) 70.6% 

Level 2 0.6 (0.5, 0.7) 0.6 (0.5, 0.6) 97.8% 

Level 3 1.8 (1.6, 2.0) 1.7(1.6, 2.0) 94.0% 

Antihypertensive 
Intensification Probability 

   

Usual Care 23.6% (21.2%, 26.0%) 22.6% (17.0%, 29.81%) 48.7% 

Level 1 21.8% (19.6%, 24.0%) 20.7% (15.1%, 27.2%) 49.2% 

Level 2 27.8% (25.0%, 30.6%) 29.2% (21.3%, 38.5%) 48.0% 

Level 3 45.5% (41.0%, 50.1%) 46.6% (40.6%, 52.8%) 83.1% 

BP Outcomes    

SBP Change    

    Usual Care -9.82 (-12.3, -7.3) -9.5 (-11.6, -9.7) 100.0%  

Level 1 -5.9 (-8.4, -3.4) -7.2 (-7.9, -6.4) 100.0% 

Level 2 -14.7 (-17.2, -12.2) -13.0 (-14.3, -11.9) 91.4% 

Level 3 -16.8 (-19.3, -14.3) -16.0 (-17.2, -15.0) 99.9% 

DBP Change    

     Usual Care -4.5 (-7.0, -2.0) -4.4 (-4.8, -4.1) 100.0% 

Level 1 -4.0 (-6.5, -1.5) -4.0 (-4.3, -3.8) 100.0% 

Level 2 -6.4 (-8.9, -3.9) -5.1 (-5.6, -4.8) 100.0% 

Level 3 -6.8 (-9.7, -4.7) -6.0 (-6.4, -5.6) 100.0% 

95%UI – 95% uncertainty interval, BP – blood pressure, BPCM – BP Control Model, DBP – diastolic BP, 
SBP – systolic BP, TASMINH – Telemonitoring And Self-Management IN the control of Hypertension. 
 
The TASMINH predicted values were derived by applying the regression equations to simulated patients 
in the BPCM. The simulated population means and 95% uncertainty intervals (2.5th to 97.5th percentiles) 
are derived from 1,000 probabilistic iterations of the BPCM. 
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Table S11. 5-year Blood Pressure Outcomes from the Blood Pressure Control Model. 

 Usual Care Level 1 Level 2 Level 3 

SBP (mmHg), Mean (95% UI) 

1-year SMBP 140.8 (139.3, 142.3) 141.0 (139.4, 142.5) 140.5 (139.5, 142.0) 139.2 (137.7, 140.5) 

5-year SMBP 140.9 (139.2, 142.3) 144.1 (142.8, 145.4) 136.3 (134.1, 138.2) 129.3 (127.4, 130.9) 

DBP (mmHg), Mean (95% UI) 

1-year SMP 77.5 (76.7, 78.3) 77.6 (76.8, 78.4) 77.3 (76.5, 78.1) 76.9 (76.1, 77.6) 

5-year SMBP 77.6 (76.7, 78.4) 78.2 (77.3, 78.6) 76.7 (75.8, 77.4) 75.3 (74.6, 76.0) 

Percent Controlled*, Mean (95% UI) 

1-year SMP 33.4 (27.7, 39.4) 33.0 (27.7, 39.3) 33.9 (28.3, 40.3) 39.0 (33.1, 45.2) 

5-year SMBP 33.2 (27.8, 39.4) 21.3 (16.9, 26.0) 52.4 (45.4, 59.8) 72.1 (66.5, 77.6) 

95%UI – 95% uncertainty interval, DBP – diastolic blood pressure, SMBP – self-measured blood pressure 
monitoring, SBP – systolic blood pressure. 
 
The simulated means and 95% uncertainty intervals (2.5th to 97.5th percentiles) are derived from 1,000 
probabilistic iterations of the BPCM. 
 
*Percent controlled defined as BP <140/90 mmHg without diabetes or chronic kidney disease or <130/80 
mmHg with diabetes or chronic kidney disease. 
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Figure S1. Structure of the Blood Pressure Control Model. 

 
BP – blood pressure, SMBP – self-monitoring of blood pressure. 
 
The figure shows the events that a patient may experience each week during the simulation. 
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