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BACKGROUND: The National Patient- Centered Clinical Research Network Blood Pressure Control Laboratory Surveillance 
System was established to identify opportunities for blood pressure (BP) control improvement and to provide a mechanism 
for tracking improvement longitudinally.

METHODS AND RESULTS: We conducted a serial cross- sectional study with queries against standardized electronic health re-
cord data in the National Patient- Centered Clinical Research Network (PCORnet) common data model returned by 25 partici-
pating US health systems. Queries produced BP control metrics for adults with well- documented hypertension and a recent 
encounter at the health system for a series of 1- year measurement periods for each quarter of available data from January 
2017 to March 2020. Aggregate weighted results are presented overall and by race and ethnicity. The most recent measure-
ment period includes data from 1 737 995 patients, and 11 956 509 patient- years were included in the trend analysis. Overall, 
15% were Black, 52% women, and 28% had diabetes. BP control (<140/90 mm Hg) was observed in 62% (range, 44%– 74%) 
but varied by race and ethnicity, with the lowest BP control among Black patients at 57% (odds ratio, 0.79; 95% CI, 0.66– 
0.94). A new class of antihypertensive medication (medication intensification) was prescribed in just 12% (range, 0.6%– 25%) 
of patient visits where BP was uncontrolled. However, when medication intensification occurred, there was a large decrease 
in systolic BP (≈15 mm Hg; range, 5– 18 mm Hg).

CONCLUSIONS: Major opportunities exist for improving BP control and reducing disparities, especially through consistent medi-
cation intensification when BP is uncontrolled. These data demonstrate substantial room for improvement and opportunities 
to close health equity gaps.
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Hypertension continues to be a leading cause of 
cardiovascular morbidity and mortality in the 
United States and worldwide despite its treatabil-

ity.1,2 A recent study found fluctuating prevalence of 

hypertension and decreasing rates of blood pressure 
(BP) control, which places a substantial portion of the 
US population at increased risk for adverse cardiovas-
cular outcomes.3

Correspondence to: Rhonda M. Cooper- DeHoff, PharmD, MS, College of Pharmacy, University of Florida, 1600 SW Archer Road, PO Box 100486, 
Gainesville, FL 32653- 0486. E- mail: dehoff@cop.ufl.edu

Supplementary Material for this article is available at https://www.ahajo urnals.org/doi/suppl/ 10.1161/JAHA.121.022224

For Sources of Funding and Disclosures, see page 9.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non- commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0002-5198-130X
mailto:
https://orcid.org/0000-0003-1888-9584
https://orcid.org/0000-0002-6732-8698
https://orcid.org/0000-0002-2613-2541
https://orcid.org/0000-0002-3404-0671
https://orcid.org/0000-0003-2801-3156
https://orcid.org/0000-0003-4386-4864
https://orcid.org/0000-0002-6966-1312
mailto:dehoff@cop.ufl.edu
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.121.022224
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2021;10:e022224. DOI: 10.1161/JAHA.121.022224 2

Cooper- DeHoff et al Tracking Blood Pressure Control Metrics

Effective national surveillance of the US BP control 
rate is essential for monitoring population health and 
evaluating the impacts of population- based interven-
tions. Existing national surveillance systems, such as 
the National Health and Nutrition Examination Survey 
(NHANES), are often cited as the gold- standard source 
for hypertension surveillance. However, data from na-
tional surveillance surveys provide no information 
about healthcare processes relevant to BP manage-
ment, performance of individual health systems, or 
variation across health systems, all of which might be 
useful for health systems interested in improvement.4

We established the National Patient- Centered 
Clinical Research Network (PCORnet) Blood Pressure 
Control Laboratory to track BP control and process 
metrics longitudinally in health systems and enable 
quality improvement at scale using real- world data 
from electronic health record (EHR) systems. The 
BP Control Laboratory is a collaborative partnership 
including PCORnet entities, the American Medical 
Association, and the American Heart Association, and 
features both a surveillance system (BP Track) and 
pragmatic randomized trials.5 Herein, we describe our 

use of BP Track surveillance data to analyze longitu-
dinal trends in BP control performance and process 
metrics in 25 participating health systems across the 
United States from January 2017 through March 2020.

METHODS
Data- use agreements with contributing sites prohibit 
sharing of BP Track data with external investigators. 
However, the BP Control Laboratory accepts proposals 
for collaborative analysis and publications. Proposals are 
subject to review by the BP Control Laboratory Steering 
Committee for scientific value, avoidance of overlap with 
previously approved proposals, compliance with our 
publication policies, and availability of resources for anal-
ysis of the data. Interested investigators may contact the 
corresponding author with inquiries.

The BP Control Laboratory Surveillance System 
(BP Track) is an ongoing serial cross- sectional study of 
BP control across the United States using EHR data.5 
BP Track is built on PCORnet, the National Patient- 
Centered Clinical Research Network,6– 8 which sup-
ports maintenance and curation of EHR data stored at 
individual participating health systems in a standard-
ized research- ready format, the PCORnet common 
data model. This allows for distribution and applica-
tion of standardized queries across participating or-
ganizations.9,10 BP Track queries are executed against 
the PCORnet common data model to produce the BP 
control metrics (Table S1) for a series of 1- year mea-
surement periods using BP measurements obtained as 
part of standard clinical care, medication prescribing, 
and other EHR data linked to encounters at each of the 
25 health systems. For this analysis, we used BP Track 
query results from 25 participating health systems 
across the United States (Table S2, Figure S1), starting 
with January 1, 2017 to December 31, 2017, and then 
every 3 months thereafter for up to 10 measurement pe-
riods (most recently April 1, 2019– March 31, 2020) de-
pending on data availability at each health system (see 
Figures S2 and S3). PCORnet data are refreshed on a 
quarterly basis, and data quality is evaluated for con-
formance to the common data model and complete-
ness by the PCORnet Coordinating Center. BP Track 
results from each health system are compared across 
measurement periods and across BP Track queries for 
outliers and discontinuities, then assembled into an an-
alytic data set with health- system identities masked. BP 
Track was approved by the lead site’s institutional re-
view board as a quality- improvement research project.

BP Track Study Sample
To be included in analyses (as specified in National 
Quality Forum 0018: Controlling High Blood Pressure),11 
patients had to (1) be 18 to 85 years of age through the 

CLINICAL PERSPECTIVE

What Is New?
• Blood pressure (BP) control (<140/90 mm Hg), 

calculated using real- world data from 25 health 
systems across the United States, averaged 
62%. BP control was lower in Black patients 
(57%), and there was substantial variation by 
health system (range, 44%– 74%).

• A new class of antihypertensive medication 
(medication intensification) was prescribed in 
only 12% (range, 0.6%– 25%) of patient visits 
where BP was uncontrolled.

• When a medication intensification event occurred, 
subsequent systolic BP was 15±20 mm Hg lower 
on average (range, 5– 18 mm Hg).

What Are the Clinical Implications?
• Major opportunities exist for improving BP con-

trol and reducing disparities.
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end of a measurement period, (2) have at least one 
visit during the measurement period at the health sys-
tem, and (3) have a diagnosis of hypertension accord-
ing to International Classification of Diseases, Ninth 
and Tenth Revision (ICD- 9, ICD- 10) codes during the 
first 6  months of the measurement period or at any 
time before the measurement period. Patients were 
excluded if (1) they received hospice services during a 
measurement period; (2) had a diagnosis or evidence 
of end- stage renal disease, dialysis, or renal transplant 
during or before a measurement period; (3) had a diag-
nosis of pregnancy during a measurement period; or 
(4) were receiving care based on an institutional special 
needs plan or were residing in a long- term care facility 
during the measurement period.

BP Control Quality and Process Metrics
BP Track includes BP control quality measures and 
process measures that track the healthcare processes 
linked to improving care for patients with hypertension.12 
The technical specifications for all metrics are provided 
in full detail in Data S1 and in Table S1. Briefly, the 3 
quality measures are BP control (<140/<90  mm  Hg, 
National Quality Forum 001811), BP control to the 2017 
Hypertension Clinical Practice Guidelines13,14 goal 
(<130/<80  mm  Hg), and improvement in blood pres-
sure defined as either a reduction of 10  mm  Hg in 
systolic blood pressure (SBP) or achievement of SBP 
<140 mm Hg among patients with an SBP not previ-
ously controlled (Electronic Clinical Quality Improvement 
Resource Center15). The six BP Track process metrics 
are based on recommendations in currently available 
guidance,13,14 and include confirmatory repeated blood 
pressure measurement, medication intensification (ad-
dition of a new class of antihypertensive medication 
after uncontrolled BP), repeat visit in 4  weeks after 
uncontrolled BP, average SBP reduction after medica-
tion intensification, use of a calcium channel blocker or 
thiazide or thiazide- like diuretic among Black patients 
prescribed at least one medication, and prescription 
of fixed- dose combination product among patients 
prescribed at least 2 classes of medications. Only BP 
measurements associated with ambulatory visits are in-
cluded, and as specified in the National Quality Forum 
0018,11 in the event >1 BP measurement is recorded 
during a visit, the lowest measurement is retained.

Each metric is calculated for each health system, 
then separately for subgroups defined by age, sex, and 
race and ethnicity. The SAS code used to generate 
metric results is available on GitHub (https://github.com/
markj pletc her/Blood - Press ure- Contr ol- Labor atory).

Statistical Analysis
We calculated weighted averages for each metric across 
health systems with weights proportional to the number 

(N) of observations contributed by each health system 
(or the number of observations divided by the square 
of the SD for continuous metrics). The total number of 
observations for each metric in the most recent meas-
urement period is provided in Table S3. Results are de-
scribed over time and stratified by 5 racial and ethnic 
categories: Asian (not Hispanic), Black (not Hispanic), 
White (not Hispanic), Hispanic (any race), and other/mul-
tiple/missing information about race and ethnicity.

For statistical testing, including data from all 25 
health systems, we fit generalized linear models clus-
tering by health system, using a binomial distribution 
for proportion metrics (specifying numerators and de-
nominators) or a Gaussian distribution for continuous 
metrics (specifying analytic weights=N/SD2). We first 
compared each metric across race and ethnicity in the 
most recent measurement period available from each 
health system. We then conducted a series of hypoth-
esis tests on BP control and BP improvement mea-
sures for the 19 health- system sample with complete 
data from January 2017 to December 2019 (Figure S3). 
We described and plotted results over time for each 
metric, and then tested a linear time trend adjusted 
for season, a main effect of race and ethnicity, and an 
interaction between the race and ethnicity group and 
the linear time trend. For a multivariable adjusted anal-
ysis of current disparities, we described each outcome 
metric across years, then analyzed racial and ethnic 
differences in the outcome (using calendar year 2019 
as the measurement period) with and without adjust-
ment for age and sex, then tested the statistical signif-
icance of the race and ethnicity group in an omnibus 
test. All analyses were conducted using Stata version 
16.1 (StataCorp, College Station, TX).

RESULTS
BP control metrics from 25 health systems across the 
United States passed BP Track quality control review 
and were included in the analysis. These health systems 
serve patients in urban, suburban, and rural settings, 
and most have an academic affiliation (Table S2). A total 
of 1  737  995 patients with hypertension in the most 
recent measurement period from each health system 
are included in our analysis. Ten percent of these pa-
tients were <45 years of age, 15% were Black, 9% were 
Hispanic, 52% were women, 28% had diabetes, 16% 
had coronary heart disease, and 16% had depression, 
with variability in patient characteristics by race and eth-
nicity as shown in Table 1. Baseline medication data (not 
available stratified by race and ethnicity) showed 70% of 
patients currently prescribed at least one antihyperten-
sive medication, including angiotensin- converting en-
zyme inhibitors or angiotensin receptor blockers (49%), 
calcium channel blockers (23%), β- blockers (28%), thi-
azide or thiazide- like diuretics (25%), another diuretic 

https://github.com/markjpletcher/Blood-Pressure-Control-Laboratory
https://github.com/markjpletcher/Blood-Pressure-Control-Laboratory
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(14%), and other antihypertensives (7%). SBP and di-
astolic BP baseline (from the patients’ first visit during 
the measurement period) were highest among Black 
patients (136/80±18/12 mm Hg) and lowest in White pa-
tients (132/77±17/11 mm Hg). The majority of patients 
within all racial and ethnic groups had stage 1 or stage 
2 hypertension, according to the 2017 Hypertension 
Clinical Practice Guidelines,13 at baseline, ranging from 
65% in White non- Hispanic patients to 74% in Black 
non- Hispanic patients.

On average, at the end of the most recent mea-
surement period, 62% of patients with hyperten-
sion achieved BP control to <140/<90  mm  Hg, with 
a range of 44% to 74% across health systems, and 
with substantial variation across racial and ethnic 
groups (Table 2). Using the 2017 guideline BP goal of 
<130/<80 mm Hg, substantially fewer patients were in 
control during the measurement period (30% overall; 
range, 20%– 38%). BP control comparing race and eth-
nicity was significantly different (P<0.0001), with Black 
patients having the lowest prevalence of BP control at 
<140/<90 mm Hg (57%) or <130/<80 mm Hg (25%).

Improvement in BP by the end of the measurement 
period, defined as a reduction of 10 mm Hg in SBP or 
SBP <140 mm Hg in previously uncontrolled patients, 
was achieved by 29% (range, 17%– 41%; Table 2). In 
contrast to BP control metrics, improvement in BP was 
similar across racial and ethnic groups.

The BP control process metrics varied substantially 
across health systems, and some racial and ethnic dis-
parities were observed (Table 2). In 23% of visits where 
uncontrolled BP (>140/90 mm Hg) was noted, a con-
firmatory repeated BP measurement was documented 
(health system range, 0%– 100%), medication intensifi-
cation with prescription of a new class of BP medica-
tions occurred in 12% (range, 1%– 25%), and a repeat 
visit in 4 weeks occurred in 35% (range, 15%– 47%). In 
patients prescribed at least 2 classes of medications, 
prescription of a fixed- dose combination product was 
documented in 25% (range, 0%– 90%). When a medi-
cation intensification event occurred, the average SBP 
reduction at the subsequent visit was large (15 mm Hg; 
range, 5%– 18% mm Hg). Among Black patients, use of 
a calcium channel blocker or thiazide or thiazide- like 

Table 1. Characteristics of Patients With Hypertension Included in the Most Recent Measurement Period* by Race and 
Ethnicity (N=1 737 995)

Characteristics

Asian, not 
Hispanic, 
N=43 295, 2.5%

Black, not 
Hispanic, 
N=258 018, 
14.7%

White, not 
Hispanic, 
N=1 227 966, 
70.7%

Hispanic, 
any race, 
N=153 904, 
8.9%

Other/multiple/
missing, 
N=54 812, 3.2%

Age, y, %

18– 44 10% 15% 8% 15% 14%

45– 64 42% 52% 37% 53% 46%

65+ 48% 33% 55% 32% 40%

Sex, %

Women 54% 62% 49% 55% 49%

Men 46% 38% 51% 45% 51%

Other 0% 0% 0% 0% 0%

Diabetes, % 37% 34% 25% 36% 29%

Heart failure, % 2.9% 7.8% 6.6% 3.6% 4.5%

Coronary artery disease, % 11% 10% 18% 9% 13%

Depression, % 8.6% 12% 18% 14% 13%

Baseline systolic blood pressure, 
mm Hg, mean±SD†

132±17 136±18 132±17 134±17 133±18

Baseline diastolic blood pressure, 
mm Hg, mean±SD†

78±11 80±12 77±11 78±11 79±11

Baseline blood pressure stage, %†

Normal, <120/<80 18% 14% 18% 16% 16%

Elevated, 120– 129/<80 15% 12% 16% 14% 14%

Stage 1, 130– 139/80– 89 34% 32% 34% 32% 34%

Stage 2, 140+/90+ 32% 42% 31% 37% 36%

*Measurement periods are 1 year in duration. The most recent measurement period available from each of the 25 participating health systems was used for 
this analysis (Figure S2).

†Baseline blood pressure measurements are taken from the first visit during the 1- year measurement period. When more than 1 measurement is available 
during a given visit, the lowest measurement is used. Stage is categorized independently for systolic and diastolic blood pressure, and then the patient 
is categorized by the higher of the systolic blood pressure stage and the diastolic blood pressure stage. All blood pressure measurements are in units of 
millimeters mercury.
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diuretic was common (75%; range, 32%– 80%). A small 
disparity in quality- of- care process measures for Black 
patients was evident for confirmatory repeated BP 
measurement (20% versus 23%) and average SBP re-
duction after medication intensification (14±20 mm Hg 
versus 15±20 mm Hg).

To assess the change in BP control and BP im-
provement over time, we conducted longitudinal trend 
analyses including 11  956  509 patient- years of data 
from the 19 health- system samples with complete data 
from January 2017 to December 2019. Health systems 
not included in the longitudinal trend analysis were 
smaller, and had a higher proportion of younger pa-
tients and Hispanic patients (Table S4), but were other-
wise similar (Table S5). As summarized in Table 3 and 
Figure 1A, BP control to <140/<90 mm Hg improved 
in all racial and ethnic groups (Black patients, +2.3%; 
White patients, +1.5%; Asian patients, +1.4%; Hispanic 
patients, +1.3%; and other +0.5%; P interaction=0.032 

for interaction between time trend and race and eth-
nicity). Similar trends were observed for BP control 
to <130/80  mm  Hg (Figure  1B, P interaction <0.001) 
and BP improvement (Figure 1C, P interaction=0.005). 
However, there was wide variability in BP control to 
both <140/<90 and <130/<80 mm Hg based on health 
system (Figure 1, light gray lines).

Despite differential improvements, BP control by the 
end of 2019, for both <140/90 and <130/80 thresholds, 
remained substantially lower in Black patients than in 
other racial and ethnic groups (Table  3, P<0.0001 for 
racial and ethnic differences). After adjustment for age 
and sex, Black patients were 21% less likely to achieve BP 
control to <140/90 mm Hg compared with White patients 
(odds ratio [OR], 0.79; 95% CI, 0.66– 0.94). A similar 
pattern is present for BP control to <130/<80 mm Hg. In 
contrast, Black patients showed identical improvement 
in BP during calendar year 2019 compared with White 
patients (OR, 1.00; 95% CI, 0.94– 1.07).

Table 2. Blood Pressure Control Metrics in the Most Recent Measurement Period* Overall and by Race and Ethnicity

Blood pressure control metrics By race/ethnicity, weighted average†

P value§No. Name (range)
Overall, weighted 
average† (range‡)

Asian, not 
Hispanic

Black, not 
Hispanic

White, not 
Hispanic

Hispanic, 
any race

Other/
multiple/
missing

1 Blood pressure control, 
<140/<90 mm Hg, % of patients

62% (44%– 74%) 66% 57% 62% 62% 61% <0.0001

2 Blood pressure control to 2017 
Hypertension Clinical Practice 
Guidelines goal, <130/<80 mm Hg, % 
of patients

30% (20%– 38%) 33% 25% 31% 30% 29% <0.0001

3 Improvement in blood pressure, % 
of patients

29% (17%– 41%) 30% 29% 29% 29% 24% <0.0001

4 Confirmatory repeated blood 
pressure measurement, % of visits

23% (0%– 100%) 39% 20% 22% 33% 24% <0.0001

5 Medication intensification after 
uncontrolled blood pressure, % of 
visits

12% (0.6%– 25%) 14% 13% 11% 14% 14% <0.0001

6 Repeat visit in 4 weeks after 
uncontrolled blood pressure, % of 
visits

35% (15%– 47%) 30% 37% 35% 34% 32% <0.0001

7 Average SBP reduction after 
medication intensification, 
mm Hg±SD

15±20 (5– 18) 15±19 14±20 15±20 15±19 16±20 0.005

8 Prescription of a CCB or thiazide or 
thiazide- like diuretic among Black 
patients prescribed at least one 
medication, % of patients

75% (32%– 80%) N/A 75% N/A 69% N/A <0.0001

9 Prescription of fixed- dose 
combination product among patients 
prescribed at least 2 classes of 
medications, % of patients

25% (0%– 90%) 22% 26% 24% 25% 27% 0.082

CCB indicates calcium channel blocker; and SBP, systolic blood pressure.
*Measurement periods are 1 year in duration. The most recent measurement period available from each of the 25 participating health systems was used for 

this analysis (Figure S3).
†Overall results are calculated as weighted averages of health system– specific results weighted by the total number of observations from each health system 

meeting eligibility criteria for metric calculation (see definitions in Table S1). The total number of observations for each metric overall and by race and ethnicity 
are provided in Table S3.

‡Range represents the lowest and highest metric result from across the 25 participating health systems.
§P values represent a hypothesis test of differences across race and ethnicity calculated via generalized linear models (see Methods).



J Am Heart Assoc. 2021;10:e022224. DOI: 10.1161/JAHA.121.022224 6

Cooper- DeHoff et al Tracking Blood Pressure Control Metrics

Among patients with a BP >140/90 mm Hg, med-
ication intensification with prescription of a new class 
of antihypertensive occurred at a low overall rate at 
just 12% (Figure 2A). However, among those patients 
in whom medication intensification occurred, the sub-
sequent SBP was lower by an average of 15 mm Hg 
(Figure 2B). These metrics were relatively stable over 
time on average, although there was variability by 
health system (Figure 2, light gray lines).

DISCUSSION
In this analysis of real- world healthcare use data from 
1.7 million patients with hypertension, we documented 
major opportunities for improvement in BP control 
(62% control to <140/<90 mm Hg and 30% control to 
<130/<80 mm Hg). Racial/ethnic disparities in BP con-
trol (especially among Black patients), variability across 
health systems, and BP control– related healthcare 
process metrics indicate substantial and specific gaps 
in quality of care. In particular, prescription of a new 
class of BP medication for uncontrolled BP (medica-
tion intensification), which was associated with large 
reductions in SBP (15 mm Hg on average), occurred 

in only 12% of visits for patients with uncontrolled BP. 
Fixed dose combination medications also appear to be 
substantially underused (prescribed to only 25% of pa-
tients). The current study examines data collected from 
contemporary patient health visits that occurred since 
the release of the 2017 Hypertension Clinical Practice 
Guidelines13 and shows only a slight improvement from 
2017 to 2019.

The results of this study complement a recently pub-
lished analysis of BP control rates based on NHANES 
data, which reported BP control (<140/<90 mm Hg) in 
43.7% overall and 38.5% among non- Hispanic Black 
patients in 2017 to 2018. NHANES data are collected 
during in- home interviews or at a mobile examination 
center. All BP measurements were obtained during the 
in- person interviews, and although in 2017 to 2018 it is 
reported that 93% of NHANES participants had a health-
care visit in the past year, the BP measurements do not 
reflect data from health systems.3 Our data, obtained 
exclusively from EHR data collected from a substantially 
larger hypertensive cohort during the same period and 
beyond, indicate that across race and ethnicity, average 
BP control rates are higher among patients receiving 
routine medical care at health systems, although with 

Table 3. Relative Likelihood of Blood Pressure Control and Improvement by Race and Ethnicity

Race and ethnicity

Metric result, % Odds ratio (95% CI)

2017 2018 2019 Unadjusted* Adjusted for age and sex

Metric 1, blood pressure control, <140/<90 mm Hg, % of patients

Asian, not Hispanic 64.2% 65.4% 65.6% 1.17 (1.07– 1.27) 1.16 (1.07– 1.26)

Black, not Hispanic 54.2% 55.4% 56.5% 0.80 (0.66– 0.96) 0.79 (0.66– 0.94)

White, not Hispanic 60.5% 61.3% 62.0% 1 (Ref) 1 (Ref)

Hispanic, any race 61.5% 62.6% 62.8% 1.03 (0.86– 1.25) 1.02 (0.86– 1.22)

Other/multiple/missing 59.6% 59.3% 60.1% 0.93 (0.84– 1.02) 0.92 (0.84– 1.01)

P value† <0.0001 <0.0001

Metric 2, blood pressure control to 2017 Hypertension Clinical Practice Guidelines goal, <130/<80 mm Hg, % of patients

Asian, not Hispanic 32.4% 33.6% 33.6% 1.10 (1.04– 1.17) 1.13 (1.06– 1.20)

Black, not Hispanic 24.0% 24.7% 25.0% 0.73 (0.66– 0.81) 0.77 (0.69– 0.85)

White, not Hispanic 30.4% 31.1% 31.4% 1 (Ref) 1 (Ref)

Hispanic, any race 29.9% 30.9% 31.1% 0.99 (0.87– 1.11) 1.05 (0.94– 1.17)

Other/multiple/missing 29.0% 28.3% 28.9% 0.89 (0.84– 0.94) 0.93 (0.88– 0.98)

P value* <0.0001 <0.0001

Metric 3, improvement in blood pressure, % of patients

Asian, not Hispanic 29.8% 30.1% 30.9% 1.04 (0.91– 1.19) 1.03 (0.92– 1.15)

Black, not Hispanic 28.6% 28.9% 29.4% 0.97 (0.90– 1.04) 1.00 (0.94– 1.07)

White, not Hispanic 29.2% 29.6% 30.1% 1 (Ref) 1 (Ref)

Hispanic, any race 30.1% 30.5% 29.2% 0.96 (0.85– 1.08) 1.00 (0.91– 1.11)

Other/multiple/missing 22.4% 25.1% 25.5% 0.80 (0.72– 0.88) 0.83 (0.75– 0.92)

P value* <0.0001 <0.0001

Ref indicates reference.
*All results account for clustering by health system. Regression results are limited to the final measurement period (calendar year 2019).
†P values represent an omnibus test of the contribution of race and ethnicity to the model.
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substantial variability across systems (range, 44%– 74%). 
Similarly, recent data from the National Cardiovascular 
Data Registry PINNACLE (Practice Innovation and 
Clinical Excellence), which is a registry of ambulatory vis-
its among cardiovascular practice sites, demonstrated 
BP control in ≈72% of patients with a previous diagnosis 
of cardiovascular disease, for whom guidelines recom-
mend more intensive BP lowering.13,16

Adherence to the 2017 guidelines recommend-
ing BP control to <130/80  mm  Hg13 appears to be 
low, with only 30% of patients attaining this level of 
control in the most recent measurement period ob-
served for each health system, a maximum of 38% in 

our sample, and only a small increasing trend during 
the time range that we observed. The lag between 
publication of new guidelines and uptake into clinical 
practice is known, and barriers to clinician adoption 
of new guidelines include time constraints, staffing 
resources, clinician skepticism and/or knowledge of 
the guidelines, and clinician age.17 If new treatment 
guidelines were accompanied by implementation 
tools designed to overcome these barriers, it might be 
possible to reduce the lag between guideline release 
and clinician uptake.

The racial and ethnic disparities in BP control we 
demonstrated are consistent with recent NHANES- 
based estimates3 of lower BP control in Black patients. 
BP Track data collected from patients with recent 
healthcare use indicate that this disparity appears to 
have slightly narrowed in the last 2 years (2017– 2019), 
yet a 5% absolute difference in BP control remains when 
comparing White versus Black patients with hyper-
tension. However, we detected only minor healthcare 
process measure differences related to hypertension 
management, and no difference in improvement in BP 
among Black patients with uncontrolled BP compared 
with patients from other racial/ethnic groups when ex-
amined over the course of each 1- year measurement 
period. One potential explanation for this discrepancy is 
that Black patients exhibited higher baseline SBP and 
diastolic BP levels at the start of each measurement pe-
riod, so greater reductions in BP are required to attain 
control. It is also possible that the process measures 
available in BP Track do not capture critical clinic- , cli-
nician- , or patient- level factors that might contribute 
to this ongoing disparity. Results from meta- analyses 
indicate significant associations between perceived 
discrimination and hypertension.18 Perceived discrimi-
nation caused by racial trauma induced from everyday 
discrimination and major life discrimination has also 
been associated with health behaviors that negatively 
influence BP (eg, smoking, fewer daily hours of sleep).19 
Race-  and ethnicity- related factors, such as discrimina-
tion and provider implicit bias, are likely contributors to 
the racial disparities in hypertension and hypertension 
control rates observed in the current study.

Medication intensification has a substantial im-
pact on BP trajectories over time and on downstream 
cardiovascular outcomes such as myocardial infarc-
tion and revascularization.20 There are many ways to 
classify medication intensification.21 The approach 
developed for BP Track counts only prescriptions 
for a new class of antihypertensive medication, and 
is limited to visits with SBP ≥140  mm  Hg.22 As ex-
pected, we observed substantial reductions in SBP 
at the visit following medication intensification, but 
low rates of medication intensification were observed 
in all racial/ethnic groups (11%– 14%). The results in 
the current study are similar to prior analyses of the 

Figure 1. Time trends in blood pressure (BP) control 
outcomes, 2017 to 2019.
Outcomes were BP control to <140/90 mm Hg (A), BP control to 
<130/80 mm Hg (B), and improvement in BP (defined as either a 
reduction of 10 mm Hg in systolic BP or achievement of systolic 
BP <140 mm Hg in months 10 to 12 of the measurement period 
among hypertensive patients with a systolic BP not previously 
controlled) (C). Each data point represents metric results from 
a 1- year measurement period. Dates on the x axis represent the 
ends of those measurement periods (ie, the first measurement 
period starts on January 1, 2017 and ends December 31, 2017 
(Figure S2). Results are weighted averages across participating 
health systems and are given overall and by race and ethnicity. 
Light gray lines represent the BP control outcomes for each of 
the individual health systems included in the time trend analyses, 
and demonstrate a wide degree of variability based on health 
system.
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National Ambulatory Medical Care Survey, which re-
ported medication intensification (similarly defined as 
initiation or addition of a new medication) occurring 
in only 17% of patients with SBP ≥140 mm Hg.22 Both 
physician inertia and patient preferences can con-
tribute to missed opportunities for medication inten-
sification; our study could not distinguish them. The 
long- term consequences of missed opportunities for 
medication intensification are substantial for patients 
including stroke and death.23 These findings high-
light a major opportunity to improve BP control in the 
United States.

The 2014 Eighth Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure,24 and the subsequent 2017 
Hypertension Clinical Practice Guidelines13 recom-
mend that non- Hispanic Black patients be treated with 
a thiazide or thiazide- like diuretic or a calcium channel 
blocker as initial monotherapy or as part of combination 
therapy for treatment of uncomplicated hypertension. 
Recent data from a cohort of Medicare beneficiaries in-
dicated that in 2018, fewer than 20% of Black patients 
were receiving a thiazide- type diuretic, whereas al-
most 40% were receiving a calcium channel blocker as 

Figure 2. Time trends in medication intensification and systolic blood pressure (SBP) change, 
2017 to 2019.
Medication intensification (prescription of a new drug class) (A) occurred in only 12% of patients overall, 
and occurred less commonly among White participants than other racial and ethnic groups. SBP change 
(B) among those patients in whom a medication intensification did occur, a drop in SBP of −15 mm Hg 
was observed on average, and this drop in SBP was consistent across all racial/ethnic groups. Each data 
point represents metric results from a 1- year measurement period. Dates on the x axis represent the ends 
of those measurement periods (ie, the first measurement period starts on January 1, 2017 and ends on 
December 31, 2017 (Figure S2). Results are weighted averages across participating health systems and 
are given overall and by race and ethnicity. Light gray lines represent the blood pressure control outcomes 
for each of the individual health systems included in the time trend analyses, and demonstrate a wide 
degree of variability based on health system.
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monotherapy.25 Our BP Track data, collected through 
2019, show high levels of compliance with this race- 
based quality metric, with 75% of Black patients (albeit 
younger than the Medicare population) treated with 
a thiazide- type diuretic or calcium channel blocker. 
Whether differential treatment by race is warranted, 
given that race is a social construct without biological 
merit, remains controversial.26 A race- conscious ap-
proach to this issue would urge consideration of all an-
tihypertensive options for Black patients, with the goal 
of BP control and minimal adverse effects.27

The 2017 Hypertension Clinical Practice Guidelines13 
recommends that fixed- dose combination antihyper-
tension products be prescribed whenever feasible 
based on the associated improved adherence be-
cause of decreased pill burden and costs. Our data 
indicate that although 25% of patients had a fixed- 
dose combination product prescribed, the variability 
was wide (0%– 90%), indicating substantial room for 
improvement. Considering the need for multiple BP- 
lowering medications in most patients with hyperten-
sion, and that almost every commercially available 
fixed- dose combination product is available in a low- 
cost generic formulation, there is likely a fixed- dose 
combination product suitable for most patients with 
hypertension.

This analysis is subject to some important limita-
tions. First, the 25 health systems included in BP Track 
represent a collection of health systems that had al-
ready opted into PCORnet, with overrepresentation 
of academic medical centers. Consequently, these 
results may not generalize to nonacademic health sys-
tems or to all US patients with hypertension. Second, 
BP Track does not currently collect individual- level pa-
tient or visit data from health systems, so the analysis is 
limited to reporting prespecified and preprogrammed 
BP control metrics. No adjustments can be made for 
individual patient characteristics beyond age, sex, and 
race/ethnicity. Third, inconsistency and inaccuracy in 
collection of racial and ethnic data is known to occur 
in electronic medical records, and our categorizations 
are crude (eg, the Hispanic ethnicity label masks dif-
ferences by national origin); these data limitations may 
influence the associations reported.28 Fourth, anti-
hypertensive medication dose escalation cannot be 
accounted for because medication dose is not consis-
tently recorded and captured in the PCORnet common 
data model. Fifth, there is presumably variability in the 
techniques used for obtaining usual- care BP measure-
ments across our 25 health systems, including use of 
manual versus automated technologies and attended 
versus unattended measurement protocols. Finally, the 
average SBP reduction after medication intensifica-
tion metric likely reflects some regression to the mean 
along with true SBP- lowering effects of medication 
intensification.

Despite these limitations, the results of the current study 
provide strong evidence of substantial and specific gaps 
in quality of care for patients diagnosed with hypertension, 
and a persistent disparity in BP control for Black adults 
compared with White adults. Discovery of uncontrolled 
BP during a clinic visit represents a prime opportunity for 
clinical intervention; this event should trigger confirmatory 
measurement, medication intensification where appro-
priate, and timely follow- up; our data demonstrate how 
infrequently (and unevenly across health systems) such 
interventions occur in practice. In particular, medication 
intensification, the addition of a new class of antihyperten-
sive medication, is clearly effective at lowering BP, but this 
occurs at rates that remain quite low. BP Track and the BP 
Control Laboratory infrastructure5 can be used to identify 
specific gaps in BP control quality of care at specific health 
systems, tailor interventions to address those gaps, and 
track improvements over time.
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