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Abstract

Background—The Centers for Disease Control and Prevention’s Million Hearts initiative 

includes an ambitious ≥80% blood pressure control goal in U.S. adults with hypertension by 2022. 

We used the validated Blood Pressure Control Model (BPCM) to quantify changes in clinic-based 

hypertension management processes needed to attain ≥80% blood pressure control.

Methods and Results—The BPCM simulates patient blood pressures weekly using three key 

modifiable hypertension management processes: office visit frequency, clinician treatment 

intensification given an uncontrolled blood pressure, and continued antihypertensive medication 

use (medication adherence rate). We compared blood pressure control rates (using the Seventh 

Joint National Committee on hypertension targets) achieved over four years between usual care 

and the best observed values for management processes identified from the literature (1-week 

return visit interval, 20%−44% intensification rate, and 76% adherence rate). We determined the 

management process values needed to achieve ≥80% blood pressure control in U.S. adults. In 

adults with uncontrolled blood pressure, usual care achieved 45.6% control (95% uncertainty 

interval [UI] 39.6%−52.5%) and literature-based best observed values achieved 79.7% control 

(95% UI 79.3%−80.1%) over four years. Increasing treatment intensification rates to 62% of office 

visits with an uncontrolled blood pressure resulted in ≥80% blood pressure control, even when the 

return visit interval and adherence remained at usual care values. Improving to best observed 

values for all three management processes would achieve 78.1% blood pressure control in the 

overall U.S. population with hypertension, approaching the ≥80% Million Hearts 2022 goal.

Conclusions—Achieving the Million Hearts blood pressure control goal by 2022 will require 

simultaneously increasing visit frequency, overcoming therapeutic inertia, and improving patient 
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medication adherence. As the relative importance of each of these three processes will depend on 

local characteristics, simulation models like the BPCM can help local healthcare systems tailor 

strategies to reach local and national benchmarks.

Keywords

Blood pressure; hypertension; high blood pressure; computer-based model; cardiovascular disease 
prevention; Health Services; Quality and Outcomes

INTRODUCTION

The U.S. Centers for Disease Control and Prevention (CDC) estimates that over 16 million 

preventable cardiovascular disease (CVD) events will occur from 2017–2021.1 The CDC’s 

Million Hearts initiative aims to prevent one million of these events by the year 2022. A key 

component of the initiative is attaining a blood pressure control rate ≥80% in U.S. adults 

with hypertension. Blood pressure control is critical because hypertension is the leading 

modifiable risk factor for CVD, it affects nearly 86 million U.S. adults, and only about half 

of all U.S. adults with hypertension and 72% of those treated with antihypertensive 

medications have blood pressure controlled to recommended treatment goals.2, 3 While the 

Million Hearts blood pressure control goal is ambitious, it aligns with blood pressure control 

quality benchmarks and comprehensive hypertension control programs demonstrate 

attaining it is feasible.4–7 However, it remains unclear which components of these 

comprehensive programs had the largest impact on improved blood pressure control rates.

The Blood Pressure Control Model (BPCM) is a validated computer simulation model that 

predicts blood pressure according to the week-to-week processes of clinic-based 

hypertension management (i.e., return visit interval, clinician treatment intensification after 

an uncontrolled blood pressure, and patient antihypertensive medication adherence).8 Prior 

BPCM analyses found substantial improvements in clinic-based management processes are 

needed to improve blood pressure control rates within one year, but did not predict blood 

pressure control over longer time horizons.8

In this study, we adapted the BPCM to examine the impact of individual and joint changes in 

key components of hypertension management processes on long-term blood pressure 

control. Our objective was to quantify the extent to which feasible changes in the processes 

of clinic-based hypertension management of patients with uncontrolled hypertension and a 

usual source of medical care could contribute to attaining the Million Hearts goal of 80% 

blood pressure control before the goal year 2022.

METHODS

The authors declare that the data supporting the BPCM development and this analysis are 

either available within the article, its online supplementary files, or are publicly available.

Blood Pressure Control Model (BPCM)

The BPCM is a microsimulation (i.e., individual patient simulation) model that uses the 

processes of clinic-based hypertension treatment and control to predict the weekly blood 
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pressure of patients receiving usual care (Figure 1).8 Specifically, the BPCM incorporates: 

(1) time interval to next clinic visit that includes blood pressure measurement and 

hypertension management (in weeks), (2) office blood pressure measurement accuracy and 

variability, (3) probability the health care provider will intensify antihypertensive 

medications given an uncontrolled office blood pressure, (4) patient adherence to 

antihypertensive medications (i.e., patients continuing to take antihypertensive medication), 

and (5) expected blood pressure reduction in patients adherent to antihypertensive 

medications. In the current study, we extended the BPCM blood pressure predictions out to 

ten years by incorporating age-related changes in blood pressure, adding diastolic blood 

pressure, and simulating the process of antihypertensive medication dose titration (Online 

Supplement – “Blood Pressure Control Model Updates”).

Simulated Population

The BPCM simulated patients aged ≥20 years with diagnosed but uncontrolled hypertension 

and access to a usual source of primary medical care. The simulation cohort was derived 

from pooled U.S. National Health and Nutrition Examination Survey (NHANES) exams 

data (1999–2014) (Online Supplement – “Cohort Selection”). Using the NHANES survey 

weights, we probabilistically sampled (with replacement) individuals meeting the inclusion 

criteria to create nationally-representative cohorts of 10,000 patients. The mean of ≥2 

systolic and ≥2 diastolic research-quality NHANES office blood pressures served to 

represent each patient’s “true” blood pressure at baseline. If a selected NHANES participant 

reported being on antihypertensive medications at baseline, his or her “untreated” blood 

pressure (i.e., blood pressure without any antihypertensive medications) was estimated based 

on the expected blood pressure reduction with standard dose antihypertensive medications 

from a large meta-analysis.9

Simulation Overview

The BPCM hypertension treatment simulation starts with patients carrying a diagnosis of 

hypertension presenting for an office visit with their primary care provider and having their 

blood pressure measured as part of usual care (Figure 1). At this and each subsequent office 

visit, the model generates a “measured” office blood pressure by incorporating intra-

individual blood pressure variability and measurement error (Online Supplement – “Visit-to-

Visit Variability”).8, 10 Due to variability in measured blood pressure, at a proportion of 

office visits the measured blood pressure will be above goal in controlled patients (false 

positive measurement) and below goal in uncontrolled patients (false negative 

measurement). If the measured blood pressure is uncontrolled, providers may act to intensify 

a patient’s antihypertensive medication regimen. If the measured blood pressure is 

controlled, the model assumes that no changes are made to antihypertensive medications at 

that visit.

Regardless of other events, each week patients may remain adherent to or discontinue their 

antihypertensive medication. If the patient is adherent, an antihypertensive medication-

related reduction in the true blood pressure occurs. If the patient discontinues the 

antihypertensive medication, the true blood pressure returns to the value prior to adding that 

antihypertensive medication. Then, the return interval (in weeks) until the next office visit is 
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determined (conditioned on perceived control status and patient characteristics) and age-

related blood pressure changes are applied. The BPCM repeats this process weekly to 

estimate patients’ blood pressure over time.

Model Inputs for Process of Hypertension Management

The model simulates three key processes of hypertension management: (1) the probability of 

intensifying antihypertensive medications when blood pressure is uncontrolled, (2) the 

probability of remaining adherent to the last antihypertensive medication added, and (3) the 

return visit interval (in weeks) after an uncontrolled blood pressure. The model inputs are 

reported in Table S1 of the Online Supplement. We derived the probability of intensifying 

and adhering to antihypertensive medications from reviews of published literature (Online 

Supplement – “Antihypertensive Medication Intensification”, “Antihypertensive Medication 

Adherence”, Tables S2 and S3). Under usual care, the probability of antihypertensive 
medication intensification for the first antihypertensive medication added and titrated during 

the simulation was stratified by the severity of the uncontrolled blood pressure, with higher 

values more likely to result in medication intensification; all subsequent antihypertensive 

intensifications were not stratified by blood pressure value (Table S1).11–16 Our usual care 

one-year antihypertensive medication adherence rates included patients switching 

medications while finding an acceptable regimen, were pooled by antihypertensive 

medication class, and were weighted by 2013–2014 NHANES utilization (Online 

Supplement – “Antihypertensive Medication Adherence”, Tables S1 and S4).17–22 For usual 

care, the number of weeks until a return visit after an uncontrolled blood pressure was 

derived from a multivariable analysis of hypertensive patients with diabetes (Online 

Supplement – “Return Visit Interval”, Table S1).12

Simulated interventions

To evaluate the impact of clinic-based hypertension care improvements on attainment of the 

2022 Million Hearts blood pressure control goal, we first simulated usual care management 

over four years (from 1/1/2018 to 12/31/2021) and tracked cohort mean achieved systolic 

and diastolic blood pressures. We then simulated the “best observed values” identified from 

published literature, which were defined as the highest probabilities of antihypertensive 

medication intensification (19.5%−44.0%), highest antihypertensive medication adherence 

rate (75.6%), and one week until a return visit after an uncontrolled blood pressure (Table 1). 

Finally, we simulated “perfect care,” defined as 100% probability of antihypertensive 

medication intensification after an uncontrolled blood pressure, 100% antihypertensive 

medication adherence rate, and one week until a return visit after an uncontrolled blood 

pressure.

Outcomes

Our primary outcome was the blood pressure control rates according to the Seventh Report 

of the Joint National Committee (JNC 7) on hypertension (i.e., percentage of the population 

with blood pressure <140/<90 mm Hg or <130/<80 mm Hg if diagnosed with diabetes or 

chronic kidney disease).23 Secondarily, we examined the blood pressure control rates 

according to the 2017 American Heart Association/American College of Cardiology (AHA/

ACC) blood pressure guidelines (i.e., <130/<80 mm Hg).24

Bellows et al. Page 4

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2020 June 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Model Validation

The model updates were programmed by one author (BKB) and independently verified by a 

second (NRN). To verify that the BPCM calculations were internally consistent, the model 

outputs for key hypertension management process parameters were compared with and 

found to reproduce the model inputs (Figure S1 and Table S5). To ensure that the BPCM 

accurately predicted blood pressure outcomes of both usual care and interventional strategies 

over time, we simulated cohorts and trial-based hypertension management processes, as 

appropriate, to match three sources (Online Supplement – “Model Validation” and Table 

S6). Usual care was simulated using a cohort matching the Multi-Ethnic Study of 

Atherosclerosis (MESA), an observational cohort of more than 6,000 individuals across the 

U.S. with approximately 10 years of follow up.25 Interventional strategies were simulated 

using cohorts and management processes matching the Antihypertensive and Lipid 

Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) and the Valsartan 

Antihypertensive Long-term Use Evaluation Trial (VALUE), two large randomized 

controlled trials of antihypertensive medications with 5–6 years of follow up.26, 27 We 

visually and quantitatively compared the estimated blood pressure outcomes to prespecified 

validation ranges and determined the number of model iterations within those bounds.28

Analysis

We simulated 1000 probabilistic iterations of 10,000 patients in the simulation cohorts and 

compared projected blood pressure outcomes for the usual-care, best observed values, and 

perfect care interventions. To determine independent thresholds and combinations of 

hypertension management process parameters needed to achieve the Million Hearts 2022 

blood pressure control goal of 80%, we used one- and multi-way sensitivity analyses that 

varied these parameters from usual care up to perfect care values.

Finally, we evaluated the potential impact of improved clinic-based hypertension care on 

population-wide blood pressure control rates. We first plotted the current state of blood 

pressure control based on 2014 NHANES data.2 Then, we re-estimated the overall blood 

pressure control rate after simulating both best observed values and perfect care among 

patients who were aware of their diagnosis but not treated and patients who were treated but 

uncontrolled (i.e., those included in our simulation).

A summary of the key model assumptions and input parameters for the validations and 

Million Hearts analyses can be found in Table S6 of the Online Supplement. This analysis 

was reviewed and approved by the Columbia University Medical Center Institutional Review 

Board. All analyses were performed using TreeAge Pro 2018 (TreeAge Software, Inc, 

Williamstown, MA) and R (R version 3.3.2, Vienna, Austria).

RESULTS

Model Validation

The BPCM accurately re-created the validation study cohorts and predicted the blood 

pressure outcomes in both the usual care and interventional validations, with all simulated 

means being within the validation bounds at the end of follow up (Figures S2–S4 and Tables 
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S7–S8). In the usual care validation, the observed blood pressure control rate in MESA at 

9.5 years, 57.0% (validation bounds 52.0%−62.0%), was similar to the 57.6% (95% 

uncertainty interval [UI] 45.4%−69.5%) predicted by the BPCM (Figure S2 and Table S8). 

In the interventional validations, the blood pressure control rates predicted by the BPCM 

were similar to those observed in ALLHAT (observed 65.9% [validation bounds 60.9%

−70.9%] vs. BPCM 70.3% [95%UI 68.6%−72.4%]) and VALUE (observed 59.0% 

[validation bounds 54.0%−64.0%] vs. BPCM 59.6% [95% UI 55.5%−64.9%]) (Figures S3–

S4 and Table S8).

Usual Care Blood Pressure Outcomes

When using JNC 7 blood pressure control targets, a four-year simulation of usual care led to 

a mean systolic blood pressure decrease from 147.3 to 136.7 (95% UI 135.4–138.0) mm Hg 

and mean diastolic blood pressure decrease from 77.3 to 72.2 (95% UI 71.8–72.7) mm Hg 

(Table 2 and Figure S5). The resulting percent of patients with controlled blood pressure was 

estimated to be 45.6% (95% UI 39.6%−52.5%) (Figure 2 and Table 2). When using the 2017 

AHA/ACC guideline blood pressure control targets, systolic blood pressure decreased from 

147.1 to 131.5 (95% UI 132.8–136.2) mm Hg, diastolic from 76.5 to 70.7 (95% UI 70.1–

71.3) mm Hg, and percent with controlled blood pressure was 32.8% (95% UI 26.7%

−39.7%).

Key Hypertension Management Process Improvements

When using the best observed values obtained from the literature for all three parameters 

simultaneously, 79.7% (95% UI 79.3%−80.1%) of patients achieved blood pressure control 

over four years using JNC 7 targets and 66.9% (95% UI 66.6%−67.2%) using the 2017 

AHA/ACC blood pressure targets (Figure 2 and Table 2). With perfect care, the model 

predicted that 88.6% (95% UI 88.4%−88.9%) and 76.1% (95% UI 75.9%−76.3%) of 

individuals would achieve blood pressure control using JNC 7 and 2017 AHA/ACC blood 

pressure targets, respectively.

When individually varying the hypertension process management parameters, we found that 

increasing the probability a provider intensified antihypertensive medication after an 

uncontrolled blood pressure to ≥62% (from 13.0%−33.3% under usual care), regardless of 

prior antihypertensive intensification or baseline blood pressure, would achieve ≥80% blood 

pressure control rates under the JNC 7 blood pressure targets (Figure S6). If intensification 

rates were independently increased to 100% (perfect care), 87.2% of patients would achieve 

blood pressure control. However, individually varying either the return visit interval or 

medication adherence across the values obtained from the literature was not sufficient to 

reach the Million Hearts 80% blood pressure control goal (Figure S6). Independently 

improving patient adherence to 100% (from 57.0% under usual care) would increase blood 

pressure control rates to 57.0% and independently reducing the return visit interval to 1 

week (from mean 13.8 weeks under usual care) would increase control rates to 67.6%.

We performed multi-way analyses using the JNC 7 guideline targets to determine 

combinations of parameters that would achieve 80% blood pressure control rates (Figure 3). 

Designers of clinic-based blood pressure control programs can use these results to select a 
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combination of interventions most likely to accelerate attainment of 2022 Million Hearts 

blood pressure control goals based on current performance in their populations. For 

example, a ≥70% adherence rate, ≥30% intensification rate, and ≤4-week return visit 

interval, achieved 80% blood pressure control in our simulation.

U.S. Population-wide Blood Pressure Control

Optimizing clinic-based hypertension care in patients with uncontrolled blood pressure and a 

usual source of medical care has the potential to move the U.S. population close to the 2022 

Million Hearts goal of 80% overall control in people living with hypertension (Figure 4). 

Starting with the overall blood pressure control rate of 54.4% under current usual care, 

attaining the best observed values for return visit interval, probability of provider treatment 

intensification, and patient medication adherence could lead to a 78.1% blood pressure 

control rate; attaining perfect care would lead to >80% control. However, clinic-based care 

improvements would do nothing to improve blood pressure control in the 15.9% of patients 

with hypertension who are currently unaware of their diagnosis.

DISCUSSION

We used computer simulations to determine practical clinic-based strategies for the 

management of patients with uncontrolled blood pressure that would achieve 80% blood 

pressure control by the year 2022, as targeted by the CDC’s Million Hearts initiative. Based 

on our simulations, only 46% of patients who present with uncontrolled blood pressure at 

the beginning of 2018 would achieve blood pressure control by the end of 2021 under usual 

care. However, practical changes to key hypertension management processes (e.g., ≥70% 

medication adherence, ≥30% probability of treatment intensification, and having follow-up 

visits within 4 weeks after an uncontrolled office blood pressure) would achieve a blood 

pressure control rate of 80% within four years. Increasing the likelihood that a provider 

intensifies antihypertensive medication in response to an uncontrolled office blood pressure 

had the most significant impact on achieving 80% blood pressure control in our analysis. 

When the probability of treatment intensification was ≥62% (increased from 13.0%−33.3% 

under usual care), at least 80% of patients achieved blood pressure control, even when 

patient medication adherence and the return visit interval were kept at usual care values. By 

improving key hypertension management processes in patients with known but uncontrolled 

hypertension to the best observed values obtained from the literature, we could nearly 

achieve the Million Hearts 80% blood pressure control goal for all U.S. adults with 

hypertension.

Our model assumes that changes to key clinic-based hypertension management processes, 

both individually and in combination, can be used to improve blood pressure control. While 

prior studies show increased treatment intensification and visit frequency improve blood 

pressure control rates, an inconsistent association between adherence and blood pressure 

control has been identified.12, 29–34 Both Kaiser Permanente of Northern California and the 

Veterans Health Administration showed improved blood pressure control through 

comprehensive blood pressure management programs, but the impact of the components of 

these programs is not described.4, 5 However, none of these studies considered the potential 
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blood pressure control rates achieved through individual and combined variation in the key 

processes involved in medication management of hypertension as we have done in this 

study.

Computer simulation models have been used to inform clinical and policy decision making 

on strategies to improve blood pressure control and subsequent CVD in the U.S. (e.g., 

intensive systolic blood pressure targets, team-based care, benefit-based treatment).8, 35–40 

To our knowledge, however, the BPCM is the only model that uses the clinic-based 

processes of hypertension management to predict blood pressure outcomes. This analysis 

can be used by decision makers to estimate the potential impact of multifaceted hypertension 

interventions and guide development of tailored management strategies.

Our analysis identifies combinations of clinic-based hypertension management interventions 

that are predicted to achieve the Million Hearts blood pressure control goals in patients with 

uncontrolled blood pressure and a usual source of medical care. While achieving 80% blood 

pressure control in these individuals will help the overall U.S. population with hypertension 

approach the Million Hearts blood pressure control goal, there is significant variation across 

clinics and healthcare systems. Systems with less engagement and enthusiasm for 

hypertension management may require more resources and incur higher costs to implement 

the interventions described in our analysis, which may decrease the ability to achieve the 

Million Hearts blood pressure control goal. Additionally, coaching patients to improve 

medication adherence and training providers may have only a small impact on blood 

pressure.41 Systems will need to determine what facilitators and barriers to changing 

hypertension management processes exist in their clinics in order to effectively implement 

new practices. Further, not all interventions are well-suited for every healthcare system and 

strategies need to be tailored each setting. For example, in rural areas where frequent, in-

person return visits may not be feasible, other management strategies may need to be 

considered. Additionally, as nearly 16% of adults with hypertension are unaware of their 

diagnosis, adding population-wide programs (e.g., limiting dietary salt) may increase the 

likelihood of achieving the Million Hearts 2022 blood pressure control goal across the entire 

U.S. population.

Our study has several limitations that should be taken into consideration when interpreting 

the results. First, the model incorporated several assumptions related to antihypertensive 

medication adherence that may not fully reflect clinical practice. For example, the model 

assumed that patients continuing use of antihypertensive medications for at least one year 

would not later discontinue use. While some evidence suggests that discontinuation in 

subsequent years is small, this may not be true for all patients.42 Also, while the studies we 

used to determine one-year adherence rates included discontinuations for any reason, we did 

not explicitly model the risk of medication-related adverse events, which may have lasting 

effects on patient adherence. We also assumed that management processes were 

independent. However, clinical care of patients is complex and correlations between 

management processes may exist (e.g. providers may be more willing to intensify therapy 

when patients are adherent or less likely to intensify therapy in non-adherent patients 

regardless of the number of clinic visits).
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Another limitation is that we made simplifying assumptions regarding antihypertensive 

medication treatment regimens. For example, the model uses the average effects of 

antihypertensive medication classes at half- and full-standard doses from a large meta-

analysis.9 However, there are class- and dose-specific effects on blood pressure and adverse 

events that could be considered.43 Similarly, while our analysis modeled usual care with a 

“start low and go slow” approach to treatment and titration, using one medication class at a 

time, there are many approaches to hypertension management, including early use of low-

dose combination antihypertensive medications.23, 24, 44 Also, the BPCM does not simulate 

the impact of non-medication-related changes in blood pressure, such as regression to the 

mean and lifestyle modifications.45, 46 Incorporating these would allow the model to account 

for decreases in blood pressure even among patients wishing to avoid antihypertensive 

medications. Nevertheless, our validations approximated the blood pressure outcomes of a 

large observational cohort of patients in whom regression to mean and lifestyle 

modifications are presumed to have occurred and the observed results from seminal 

hypertension drug trials. Finally, our interventional strategy model validation assumed that, 

if hypertension management processes in clinical practice were similar to those used in the 

clinical trials, the blood pressure control rates achieved would be similar. Future research 

may consider validating the model against implemented clinic-based blood pressure control 

interventions.

In conclusion, our analysis showed the blood pressure control rates achieved by changing 

three clinic-based management processes (i.e., time interval between clinic visits, probability 

of medication intensification, and patient medication adherence) to optimal levels observed 

in published literature did not quite achieve the Million Hearts 2022 goal of ≥80% blood 

pressure control. However, under our model assumptions, changes to these processes, both 

individually and in combination, could have a large impact on blood pressure control and 

progress towards meeting the Million Hearts 2022 goal. In our model, increasing the 

likelihood a provider intensifies antihypertensive medication in response to an uncontrolled 

blood pressure had the greatest impact on the overall blood pressure control rate. The 

relative importance of each process may differ, however, according to local patient and 

healthcare system characteristics. Tools such as the BPCM can be used by local healthcare 

systems to guide development of tailored hypertension management strategies in order to 

achieve quality benchmarks and improve population health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is Known

• The U.S. Centers for Disease Control and Prevention Million Hearts initiative 

aims for a blood pressure control rate of 80%, but only about half of U.S. 

adults with hypertension have controlled blood pressure.

• Comprehensive clinic-based hypertension programs have demonstrated that 

80% blood pressure control is attainable, but it is unclear which program 

components improved blood pressure control the most.
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What the Study Adds

• The Blood Pressure Control Model accurately predicts hypertension treatment 

outcomes using three clinic-based processes of hypertension care: office visit 

frequency, clinician treatment intensification given an uncontrolled blood 

pressure, and continued antihypertensive medication use.

• When providers intensify treatment at 62% of office visits with an 

uncontrolled blood pressure, 80% blood pressure control can be attained.

• Simultaneously improving all three hypertension management processes to 

the best observed values in the literature would nearly achieve 80% control 

rates in U.S. adults with hypertension.
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Figure 1. Structure of the Blood Pressure Control Model.
The figure shows the structure of the Blood Pressure Control Model and how blood 

pressures are estimated. Each week, the model determines if the: (1) patient had an office 

visit with a provider, (2) patient’s measured office blood pressure was controlled, (3) 

provider intensified antihypertensive medication, and (4) patient was adherent to 

antihypertensive medication. The model assumed that blood pressure was taken at all office 

visits and adherence was defined as patients continuing to take the last added 

antihypertensive medication (i.e., did not permanently discontinue use).
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Figure 2. Predicted Percent Achieving Controlled Blood Pressure According to National 
Guidelines.
The figure shows the predicted percent of the population with controlled blood pressure 

under usual care, best observed values for hypertension process management variables 

obtained from the literature, and “perfect care.” Blood pressure control was defined 

according to the JNC 7 guidelines as <130/80 mm Hg for patients with diabetes or chronic 

kidney disease and <140/90 mm Hg for all others. Blood pressure control was defined 

according to the 2017 AHA/ACC guidelines as <130/80 mm Hg for everyone. The shaded 

regions show the 80% and 95% uncertainty intervals from 1000 probabilistic iterations of 

the model.

JNC 7 – Seventh Report of the Joint National Committee on hypertension guideline; 2017 

AHA/ACC – 2017 American Heart Association and American College of Cardiology 

hypertension guideline
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Figure 3. Return Visit Interval Needed to Achieve Million Hearts 2022 Goal of 80% Blood 
Pressure Control at Different Antihypertensive Intensification and Adherence Rates.
The figure shows the 4-year results when varying key hypertension management process 

parameters and the combination needed to achieve ≥80% blood pressure control. The 

columns are the average antihypertensive adherence rate (i.e., proportion of patients 

continuing antihypertensive medication for at least one year). The rows are the average 

antihypertensive intensification rate (i.e., proportion of clinic visits with an uncontrolled 

blood pressure where antihypertensive medication was intensified). The boxes, are the 

maximum average return visit interval (in weeks) after an uncontrolled blood pressure.

*Usual care input for adherence was 57.0%, return visit interval was ~13.8 weeks, and mean 

simulated usual care intensification rate over 4 years was 18.7%.
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Figure 4. Hypertension Awareness, Treatment, and Control Status Among U.S. Adults with 
Hypertension in 2022 After Simulating Best Observed Values and Perfect Care.
The figure shows the percentage of U.S. adults with hypertension in 20142 and the estimated 

impact on blood pressure control rates when improving clinic-based hypertension 

management to the best observed values obtained from the literature and “perfect care.”
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