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ORIGINAL RESEARCH

Potential Impact of 2017 American College 
of Cardiology/American Heart Association 
Hypertension Guideline on Contemporary 
Practice: A Cross- Sectional Analysis From 
NCDR PINNACLE Registry
Aliza Hussain , MD; Salim S. Virani , MD, PhD; Luke Zheng , BS; Ty J. Gluckman, MD;  
William B. Borden , MD; Frederick A. Masoudi , MD, MSPH; Thomas M. Maddox , MD, MSc

BACKGROUND: Clinical implications of change in the 2017 American College of Cardiology (ACC)/American Heart Association 
(AHA) guideline on the diagnosis and management of hypertension, compared with recommendations by 2014 expert panel 
and Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood 
Pressure (JNC7), are not known.

METHODS AND RESULTS: Using data from the NCDR (National Cardiovascular Data Registry) PINNACLE (Practice Innovation 
and Clinical Excellence) Registry (January 2013- Decemver 2016), we compared the proportion and clinical characteristics of 
patients seen in cardiology practices diagnosed with hypertension, recommended antihypertensive treatment, and achieving 
blood pressure (BP) goals per each guideline document. In addition, we evaluated the proportion of patients at the level of 
practices meeting BP targets defined by each guideline. Of 6 042 630 patients evaluated, 5 027 961 (83.2%) were diagnosed 
with hypertension per the 2017 ACC/AHA guideline, compared with 4 521 272 (74.8%) per the 2014 panel and 4 545 976 
(75.2%) per JNC7. The largest increase in hypertension prevalence was seen in younger ages, women, and those with lower 
cardiovascular risk. Antihypertensive medication was recommended to 70.6% of patients per the ACC/AHA guideline com-
pared with 61.8% and 65.9% per the 2014 panel and JNC7, respectively. Among those on antihypertensive agents, 41.2% 
achieved BP targets per the ACC/AHA guideline, compared with 79.4% per the 2014 panel and 64.3% per JNC7. Lower pro-
portions of women, non- White (Black and "other") races, and those at higher cardiovascular risk achieved BP goals. Median 
practice- level proportion of patients meeting BP targets per the 2014 panel but not the ACC/AHA guideline was 37.8% (inter-
quartile range, 34.8%– 40.7%) and per JNC7 but not the ACC/AHA guideline was 22.9% (interquartile range, 19.8%– 25.9%).

CONCLUSIONS: Following publication of the 2017 guideline, significantly more people, particularly younger people and those 
with lower cardiovascular risk, will be diagnosed with hypertension and need antihypertensive treatment compared with previ-
ous recommendations. Significant practice- level variation in BP control also exists. Efforts are needed to improve guideline- 
concordant hypertension management in an effort to improve outcomes.
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The 2017 American College of Cardiology (ACC)/
American Heart Association (AHA) Guideline 
for the Prevention, Detection, Evaluation, and 

Management of High Blood Pressure in Adults1 pro-
vides blood pressure (BP) thresholds for the diag-
nosis of hypertension, initiation of antihypertensive 
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treatment, and targets for BP control. Compared with 
recommendations from the 2014 report from the ex-
pert panel, composed of members appointed to the 
intended Eighth Joint National Committee2 and the 
2003 Seventh Report of the Joint National Committee 
on Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure (JNC7),3 notable differences in 
definitions exist (Table 1).

First, the ACC/AHA guideline uses a lower systolic 
and diastolic BP threshold of 130/80  mm  Hg to define 

hypertension, compared with 140/90 mm Hg used by the 
previous 2014 expert panel report and JNC7. Although all 
3 documents recommend the use of antihypertensive ther-
apy in those with a BP ≥140/90 mm Hg, the most recent 
guideline also recommends therapy for individuals with a BP 
≥130/80 mm Hg and either a 10- year atherosclerotic cardio-
vascular disease (ASCVD) risk ≥10% or high- risk comorbidi-
ties (ischemic heart disease, heart failure [HF], diabetes, or 
chronic kidney disease). Based in part on data from SPRINT 
(Systolic Blood Pressure Intervention Trial),4 the 2017 ACC/
AHA guideline recommends a more aggressive BP target 
of <130/80 mm Hg in all adults. In contrast, the 2014 ex-
pert panel report recommends a goal of <140/90 mm Hg 
for all except those aged >60 years, for whom a target of 
<150/90 mm Hg is recommended. Similarly, the JNC7 set 
a BP goal of <140/90 mm Hg for the general population, 
reserving a more intensive goal of <130/80 mm Hg for those 
with diabetes or chronic kidney disease.

A previous study of 9623 participants in the National 
Health and Nutrition Examination Survey showed that the 
application of the 2017 ACC/AHA guideline significantly in-
creased the number of people diagnosed with hyperten-
sion as well as those warranting drug therapy.5 However, 
the applicability and clinical implications of the ACC/AHA 
thresholds for diagnosis of hypertension, initiation of anti-
hypertensive therapy, and aggressive treatment targets in 
a broader population seeking care in cardiology practices 
and particular subgroups (eg, women, underrepresented 
races and ethnicities, and those with varying cardiovas-
cular disease [CVD] risk) are not known. It is also unknown 
whether these findings are consistent across cardiology 
practices in which patients receive care.

We analyzed data from the NCDR (National 
Cardiovascular Data Registry) PINNACLE (Practice 
Innovation and Clinical Excellence) Registry to estimate 
the number, proportion, and clinical characteristics of 
patients (1) diagnosed with hypertension, (2) recom-
mended antihypertensive therapy, and (3) on antihy-
pertensive medications who achieved treatment goals 
according to the ACC/AHA guideline, compared with 
the 2014 expert panel report and the JNC7. In addi-
tion, to understand the impact of guideline changes 
on hypertension control rates of individual practices, 
we evaluated practice- level variation in the proportion 
of patients meeting BP targets as per either the 2014 
expert panel report or JNC7 but not the ACC/AHA cri-
teria. The current analysis is critical to inform the per-
centage of patients requiring treatment intensification 
to make their care guideline concordant.

METHODS
Data Source
The authors declare that all supporting data are available 
within the article (and its online supplementary files). The 

CLINICAL PERSPECTIVE

What Is New?
• This study demonstrates that applications of 

the most recent 2017 American College of 
Cardiology/American Heart Association hyper-
tension guidelines in cardiology practices will re-
sult in a substantially increased number of adults 
meeting criteria for diagnosis of hypertension.

• Moreover, a substantially higher proportion of 
adults are at risk of being short of the more inten-
sive blood pressure goal set by the 2017 guideline.

• This was most pronounced in women, under-
represented races and ethnicities, and those 
with higher atherosclerotic cardiovascular dis-
ease risk.

What Are the Clinical Implications?
• This study underscores a greater need to iden-

tify patients with hypertension and to initiate 
lifestyle changes and treatment approaches in 
appropriate patients to be guideline concordant.

• The 2017 American College of Cardiology/
American Heart Association guideline, however, 
may serve as a wake- up call to identify patients 
not meeting blood pressure goals.

• Although perfect attainment of these goals on a 
population level will never be achievable, recog-
nition of more patients being further from their 
goals may spur greater lifestyle and pharmaco-
logic efforts in appropriate patients to control 
blood pressure.

Nonstandard Abbreviations and Acronyms

ACC American College of Cardiology
AHA American Heart Association
JNC7 Seventh Report of the Joint National 

Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood 
Pressure

PCE pooled cohort risk equation
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NCDR PINNACLE Registry, established in 2008 by the 
ACC, is the first national, prospective, office- based qual-
ity improvement registry in the United States with volun-
tary participation from academic and community- based 
cardiology practices.6 It is the largest outpatient cardio-
vascular practice registry in the world, with >32 million 
patient visits to >6000 clinicians at 1954 office locations. 
The registry is focused on a comprehensive assessment 
of real- world management of common chronic cardio-
vascular conditions, including hypertension, HF, coro-
nary artery disease (CAD), and atrial fibrillation.

A detailed overview of the PINNACLE Registry data 
collection methods has been published previously.7 
Participation is voluntary; data are extracted from clin-
ical documentation using algorithms mapped to the 
electronic health record.8 Data quality is maintained 
through standardized data collection and transmission 
protocols, explicit data definitions, uniform data entry, 
and periodic data quality checks.9,10 Performance 
metrics for CAD, HF, and atrial fibrillation are en-
dorsed by the ACC, AHA, and the American Medical 
Association– Physician Consortium for Performance 
Improvement.11– 13 Given extraction of deidentified data 
from an electronic medical record under a quality im-
provement model, approval from an institutional review 
board and informed consent were waived.

Study Population
For the current analysis, we included all patients, 
aged ≥18  years, seeking care in practices enrolled 
in the PINNACLE Registry between January 2013 
and December 2016 (n=10  031  431). Patients with 
missing BP values were excluded from the analysis 
(n=886 484). Of 9 144 947 with BP values available, we 
excluded those aged <18 or >100  years (n=118 245) 
or with <2 BP measurements within the past 2 years 

(n=2 984 072) of index visit for a total of 6 042 630 pa-
tients in our analysis (Figure 1).

Study Outcomes and Statistical Analysis
All baseline demographic data, including comorbidities, 
were assessed at index event. We first assessed the 
number and proportion of patients meeting the definition 
of hypertension according to the 2017 ACC/AHA guide-
line, 2014 expert panel report, and JNC7 (Table 1) based 
on available BP measurements for the overall registry and 
selected subgroups by age (18– 44, 45– 54, 55– 64, 65– 
74, and ≥75 years), sex (men or women), race (White, 
Black, or other), ethnicity (Hispanic or non- Hispanic), 
10- year ASCVD risk categories using (PCEs) (<5%, 5%– 
<10%, 10%– <20%, or ≥20%), and history of CVD (yes 
or no). All proportions and 95% CIs were estimated using 
the Clopper- Pearson method. Given small number of pa-
tients in race categories other than White and Black, ie, 
Asian, American Indian/Alaskan Native, Native Hawaiin/
Pacific Islander in the PINNACLE registry, all other race 
categories were combined to form “other races.”

In addition to those who met previously noted 
criteria for hypertension, patients marked as having 
hypertension in the registry or who were on antihy-
pertensive medication (not solely for left ventricular 
ejection fraction ≤40%) were also regarded as having 
hypertension. Patients with ≥2 encounters with BP 
available within 2 years were included in the analysis. 
The first encounter was used as an index encounter. 
BPs were calculated as the mean of systolic BP or 
diastolic BP values for all encounters occurring within 
2  years of the index encounter, including the index 
event. Patients were defined as having hypertension 
based on BP definitions for systolic BP, diastolic BP, 
or both; for example, if a patient had systolic BP of 
136 mm Hg and diastolic BP of 72 mm Hg, the patient 

Table 1. BP Levels to Define Hypertension, Recommend Antihypertensive Therapy, and Provide Treatment Goals, 
According to the ACC/AHA Guideline, 2014 Expert Panel Report, and JNC7

Variable ACC/AHA1 2014 Expert report2 JNC73

Definition of hypertension General population ≥130/80 ≥140/90 ≥140/90

Aged ≥60 y without diabetes or CKD ≥130/80 ≥150/90 ≥140/90

Initiation of antihypertensive therapy General ≥140/90 ≥140/90 ≥140/90

Diabetes or CKD ≥130/80 ≥140/90 ≥130/80

Elevated CVD risk* ≥130/80 ≥140/90 ≥140/90

Aged ≥65 y ≥130/80 ≥150/90 ≥140/90

Aged ≥60 y without diabetes or CKD ≥140/90 ≥150/90 ≥140/90

Goal of BP treatment General <130/80 <140/90 <140/90

Diabetes or CKD <130/80 <140/90 <130/80

Aged ≥65 y <130/80 <150/90 <140/90

Aged ≥60 without diabetes or CKD <130/80 <150/90 <140/90

ACC indicates American College of Cardiology; AHA, American Heart Association; BP, blood pressure; CKD, chronic kidney disease; CVD, cardiovascular 
disease; and JNC7, Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.

*Elevated risk defined as estimated 10- year CVD risk >10%.
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was considered as having hypertension per the 2017 
ACC/AHA guideline.

For each individual study subject in the cohort, in-
dividual 10- year risk for ASCVD was calculated on the 
basis of the ACC/AHA PCE for estimation of 10- year risk 
of ASCVD. For the equation, the values for age, total cho-
lesterol, high- density lipoprotein cholesterol, and systolic 
BP are Ln transformed. Interactions between age and 
lipids or age and systolic BP use the natural log of each 
variable (eg, Ln[Age]×Ln[Total Cholesterol]). These val-
ues are then multiplied by the coefficients from the equa-
tion (used from 2013 ACC/AHA Cardiovascular Risk 
Assessment Guideline) for the specific race- sex group 
of the individual. The sum of the “Coefficient×Value” is 
then calculated for the individual according to race and 
sex group. The estimated 10- year risk of a first hard 
ASCVD event was then calculated for each individual as 
1 minus the survival rate at 10 years (also obtained from 
the above guideline document), raised to the power of 
the exponent of the “Coefficient×Value” sum minus the 
race-  and sex- specific overall mean “Coefficient×Value” 
sum or, in equation form: 1−S10(lndX’B– MeanX’B).

We then compared the characteristics of patients 
meeting each of the 3 definitions of hypertension. This 
included age (analyzed as a continuous variable and 
stratified into following groups: 18– 44, 45– 54, 55– 64, 
65– 74, and ≥75 years), sex (male or female), race (White, 
Black, or other), ethnicity (Hispanic or non- Hispanic), 
documented history of comorbidities, including di-
abetes, chronic kidney disease (CKD), CAD, stroke/
transient ischemic attack, and HF with preserved or 
reduced ejection fraction in the chart. For patients with 
hypertension without any of these comorbidities, we 
calculated and compared 10- year ASCVD risk using 
the PCE, with stratification as <5%, 5% to 10%, 10% to 
<20%, and >20%.

Second, we evaluated the number and proportion 
of PINNACLE Registry participants meeting criteria 
for initiation of antihypertensive therapy (Table  1) for 
the entire registry and across the above- listed sub-
groups. We also evaluated the number and propor-
tion of participants recommended antihypertensive 
therapy per the 2017 ACC/AHA guideline but not the 
2014 expert panel report or JNC7. We compared the 

Figure 1. Flow diagram of PINNACLE (Practice Innovation and Clinical Excellence) Registry patients with hypertension.
ACC indicates American College of Cardiology; AHA, American Heart Association; BP, blood pressure; and JNC7, Seventh Report of 
the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.
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clinical characteristics of patients recommended anti-
hypertensive therapy by age, sex, race, history of prior 
transient ischemic attack or stroke, history of ischemic 
heart disease, diabetes, CKD, HF, and 10- year ASCVD 
risk.

Third, we calculated the number and proportion of 
patients in the PINNACLE Registry meeting BP treat-
ment targets (Table 1) for the entire cohort and above 
noted subgroups. We compared the clinical character-
istics of patients meeting BP treatment targets by age, 
sex, race, history of prior transient ischemic attack or 
stroke, history of ischemic heart disease, diabetes, 
CKD, HF, and 10- year ASCVD risk. We performed sen-
sitivity analysis to include only visits in which patients on 
antihypertensive therapy for all visits with each patient 
having a minimum of at least 2 visits to calculate mean 
BP for the patient. We then calculated the number and 
proportions of these patients and compared clinical 
characteristics of patients on antihypertensive therapy 
meeting BP targets per each guideline document.

Finally, we assessed the implications of changes 
in guideline recommendations on hypertension man-
agement at the practice level because practices and 
providers are often incentivized to achieve specific lev-
els of BP control. Accordingly, we calculated median 

practice- level rates and interquartile range for the dif-
ference in the proportion of patients meeting BP targets 
per the 2014 expert panel report or JNC7 but not the 
2017 ACC/AHA guideline. All analyses were performed 
using SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS
Prevalence of Hypertension
Of the 6 042 630 patients included in the primary anal-
ysis, 5 027 961 (83.2%) were diagnosed with hyper-
tension per the 2017 ACC/AHA guideline, 4 521 272 
(74.8%) per the 2014 expert panel report, and 4 545 976 
(75.2%) per JNC7 (Figure 2). This amounts to an abso-
lute increase in the prevalence of hypertension of 8.4% 
and 8.0% when the 2017 ACC/AHA guideline is com-
pared with the 2014 expert panel report and JNC7, re-
spectively (Table 2). The proportion of patients meeting 
criteria of hypertension based on a history of hyperten-
sion or being on antihypertensive medications for the 
2014 expert panel and JNC7 is shown in Tables S1 
and S2, respectively.

The prevalence of hypertension was higher within all 
age, sex, race and ethnicity, and ASCVD risk categories 

Figure 2. Proportion of patients enrolled in the PINNACLE (Practice Innovation and Clinical Excellence) Registry, seeking 
care in cardiology practices between January 2013 and December 2016 and meeting criteria for the definition of hypertension, 
recommendations for antihypertensive therapies, and targets for blood pressure based on American College of Cardiology 
(ACC)/American Heart Association (AHA) guidelines, 2014 expert panel report, and Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC7).
Compared with the 2014 expert panel report and JNC7, a higher proportion of patients are diagnosed with hypertension and meet 
recommendations for antihypertensive therapy. Moreover, as the blood pressure (BP) treatment goals set by the ACC/AHA guidelines 
are more intensive, a higher proportion of adults will not meet BP goals.



J Am Heart Assoc. 2022;11:e024107. DOI: 10.1161/JAHA.121.024107 6

Hussain et al Potential Impact of ACC/AHA Hypertension Guideline

Ta
b

le
 2

. 
P

e
rc

e
n

ta
g

es
 o

f 
U

S
 A

d
u

lt
s,

 O
ve

ra
ll 

a
n

d
 in

 S
el

ec
te

d
 S

u
b

g
ro

u
p

s,
 M

e
et

in
g

 t
h

e 
D

ef
in

it
io

n 
fo

r 
H

yp
e

rt
e

n
si

o
n 

A
cc

o
rd

in
g

 t
o

 t
h

e 
A

C
C

/A
H

A
 G

u
id

el
in

e,
 2

01
4 

E
xp

e
rt

 P
a

n
el

 
R

e
p

o
rt

, a
n

d
 J

N
C

7 
B

as
e

d
 o

n 
th

e 
20

13
 t

o
 2

01
6 

P
IN

N
A

C
L

E
 R

eg
is

tr
y 

D
at

a

S
u

b
g

ro
u

p
s

A
C

C
/A

H
A

 g
u

id
el

in
e

20
14

 R
ep

o
rt

D
if

fe
re

n
ce

 b
et

w
ee

n 
A

C
C

/A
H

A
 

g
u

id
el

in
e 

an
d

 2
01

4 
re

p
o

rt
JN

C
7

D
if

fe
re

n
ce

 b
et

w
ee

n 
A

C
C

/A
H

A
 

g
u

id
el

in
e 

an
d

 J
N

C
7

O
ve

ra
ll 

(N
=

6 
04

2 
63

0)
83

.2
1 

(8
3.

18
– 8

3.
24

)
74

.8
2 

(7
4.

79
– 7

4.
86

)
8.

39
 (8

.3
6

– 8
.4

1)
75

.2
3 

(7
5.

20
– 7

5.
27

)
7.

98
 (7

.9
5

– 8
.0

0)

A
ge

 g
ro

up
, y

18
– 4

4 
(N

=
89

2 
97

1)
53

.6
6 

(5
3.

55
– 5

3.
76

)
36

.0
6 

(3
5.

96
– 3

6.
16

)
17

.6
0 

(1
7.

52
– 1

7.
68

)
36

.0
6 

(3
5.

96
– 3

6.
16

)
17

.6
0 

(1
7.

52
– 1

7.
68

)

45
– 5

4 
(N

=
80

6 
20

2)
78

.4
1 

(7
8.

32
– 7

8.
50

)
66

.0
1 

(6
5.

91
– 6

6.
11

)
12

.4
0 

(1
2.

33
– 1

2.
47

)
66

.0
1 

(6
5.

91
– 6

6.
11

)
12

.4
0 

(1
2.

33
– 1

2.
47

)

55
– 6

4 
(N

=1
 2

80
 2

48
)

86
.1

3 
(8

6.
07

– 8
6.

19
)

77
.7

7%
 (7

7.
70

– 7
7.

84
)

8.
36

 (8
.3

2–
 8.

41
)

78
.1

6 
(7

8.
09

– 7
8.

23
)

7.
97

 (7
.9

3
– 8

.0
2)

65
– 7

4 
(N

=1
 5

69
 2

42
)

90
.7

3 
(9

0.
69

– 9
0.

78
)

85
.1

3 
(8

5.
07

– 8
5.

19
)

5.
60

 (5
.5

7–
 5.

64
)

85
.8

4 
(8

5.
78

– 8
5.

89
)

4.
90

 (4
.8

6
– 4

.9
3)

≥7
5 

(N
=1

 4
93

 9
67

)
93

.0
5 

(9
3.

01
– 9

3.
09

)
89

.4
0 

(8
9.

35
– 8

9.
45

)
3.

66
 (3

.6
3

– 3
.6

9)
89

.9
7 

(8
9.

93
– 9

0.
02

)
3.

08
 (3

.0
5

– 3
.1

1)

M
en

 (N
=

2 
88

8 
41

1)
87

.4
9 

(8
7.

45
– 8

7.
52

)
79

.3
8 

(7
9.

33
– 7

9.
43

)
8.

11
 (8

.0
7–

 8.
14

)
79

.7
6 

(7
9.

71
– 7

9.
80

)
7.

73
 (7

.7
0

– 7
.7

6)

W
om

en
 (N

=
3 

14
8 

98
3)

79
.2

7 
(7

9.
23

– 7
9.

32
)

70
.6

2 
(7

0.
57

– 7
0.

67
)

8.
65

 (8
.6

2–
 8.

68
)

71
.0

6 
(7

1.
01

– 7
1.

11
)

8.
21

 (8
.1

8
– 8

.2
4)

R
ac

e 
or

 e
th

ni
ci

ty

W
hi

te
 (N

=
3 

93
3 

30
7)

82
.7

4 
(8

2.
70

– 8
2.

77
)

74
.0

4 
(7

3.
99

– 7
4.

08
)

8.
70

 (8
.6

7–
 8.

73
)

74
.4

9 
(7

4.
45

– 7
4.

54
)

8.
24

 (8
.2

1–
 8.

27
)

B
la

ck
 (N

=
43

2 
20

2)
87

.4
5 

(8
7.

35
– 8

7.
54

)
79

.7
9 

(7
9.

67
– 7

9.
91

)
7.

66
 (7

.5
8

– 7
.7

4)
80

.0
8 

(7
9.

96
– 8

0.
20

)
7.

36
 (7

.2
9

– 7
.4

4)

O
th

er
 (N

=
28

 1
39

)*
81

.3
1 

(8
0.

85
– 8

1.
77

)
73

.1
2 

(7
2.

60
– 7

3.
64

)
8.

19
 (7

.8
7–

 8.
52

)
73

.4
4 

(7
2.

92
– 7

3.
96

)
7.

87
 (7

.5
6

– 8
.1

9)

H
is

pa
ni

c 
(N

=
25

5 
37

4)
79

.9
1 

(7
9.

76
– 8

0.
07

)
71

.5
0 

(7
1.

32
– 7

1.
67

)
8.

42
 (8

.3
1–

 8.
53

)
71

.7
8 

(7
1.

60
– 7

1.
95

)
8.

14
 (8

.0
3

– 8
.2

4)

N
on

- H
is

pa
ni

c 
(N

=
5 

78
7 

25
6)

83
.3

5 
(8

3.
32

– 8
3.

38
)

74
.9

7 
(7

4.
93

– 7
5.

01
)

8.
38

 (8
.3

6
– 8

.4
1)

75
.3

8 
(7

5.
35

– 7
5.

42
)

7.
97

 (7
.9

5
– 7

.9
9)

10
- y

 A
S

C
V

D
 r

is
k 

ca
te

go
rie

s,
 %

<
5 

(N
=

30
 7

96
)

70
.1

6 
(6

9.
65

– 7
0.

67
)

55
.2

1 
(5

4.
65

– 5
5.

76
)

14
.9

5 
(1

4.
56

– 1
5.

36
)

55
.2

8 
(5

4.
73

– 5
5.

84
)

14
.8

8 
(1

4.
48

– 1
5.

28
)

5
– <

10
 (N

=
21

 2
41

)
85

.3
9 

(8
4.

90
– 8

5.
86

)
74

.4
9 

(7
3.

90
– 7

5.
08

)
10

.8
9 

(1
0.

48
– 1

1.
32

)
74

.9
3 

(7
4.

34
– 7

5.
51

)
10

.4
6 

(1
0.

05
– 1

0.
88

)

10
– <

20
 (N

=
24

 6
09

)
91

.0
2 

(9
0.

65
– 9

1.
37

)
83

.6
0 

(8
3.

13
– 8

4.
06

)
7.

42
 (7

.0
9

– 7
.7

5)
84

.0
6 

(8
3.

60
– 8

4.
51

)
6.

96
 (6

.6
4

– 7
.2

8)

≥2
0%

 (N
=

21
 3

94
)

96
.4

0 
(9

6.
14

– 9
6.

64
)

92
.6

8 
(9

2.
33

– 9
3.

03
)

3.
71

 (3
.4

6
– 3

.9
7)

93
.1

1 
(9

2.
77

– 9
3.

45
)

3.
28

 (3
.0

5
– 3

.5
3)

H
is

to
ry

 o
f C

V
D

 (N
=

2 
58

5 
48

3)
92

.8
2 

(9
2.

79
– 9

2.
85

)
89

.4
9 

(8
9.

45
– 8

9.
52

)
3.

33
 (3

.3
1–

 3.
35

)
89

.6
8 

(8
9.

64
– 8

9.
72

)
3.

14
 (3

.1
2–

 3.
16

)

P
ro

p
or

tio
ns

 a
nd

 9
5%

 C
lo

p
p

er
- P

ea
rs

on
 (e

xa
ct

) C
Is

 w
er

e 
re

p
or

te
d.

 In
 e

ac
h 

ro
w

, w
e 

p
re

se
nt

ed
 t

he
 p

er
ce

nt
ag

e 
of

 p
at

ie
nt

s 
w

ith
 h

yp
er

te
ns

io
n 

an
d 

pa
tie

nt
s 

w
ith

 g
ui

d
el

in
e-

 re
co

m
m

en
d

ed
 a

nt
ih

yp
er

te
ns

iv
e 

m
ed

ic
at

io
n 

in
 

ea
ch

 s
ub

gr
ou

p.
 A

C
C

 in
d

ic
at

es
 A

m
er

ic
an

 C
ol

le
ge

 o
f C

ar
d

io
lo

gy
; A

H
A

, A
m

er
ic

an
 H

ea
rt

 A
ss

oc
ia

tio
n;

 A
S

C
V

D
, a

th
er

os
cl

er
ot

ic
 C

V
D

; C
V

D
, c

ar
d

io
va

sc
ul

ar
 d

is
ea

se
; J

N
C

7,
 S

ev
en

th
 R

ep
or

t o
f t

he
 J

oi
nt

 N
at

io
na

l C
om

m
itt

ee
 o

n 
P

re
ve

nt
io

n,
 D

et
ec

tio
n,

 E
va

lu
at

io
n,

 a
nd

 T
re

at
m

en
t o

f H
ig

h 
B

lo
od

 P
re

ss
ur

e;
 a

nd
 P

IN
N

A
C

LE
, P

ra
ct

ic
e 

In
no

va
tio

n 
an

d 
C

lin
ic

al
 E

xc
el

le
nc

e.
* D

ef
in

ed
 a

s 
co

m
b

in
at

io
n 

of
 a

ny
 r

ac
e 

ot
he

r 
th

an
 W

hi
te

 o
r 

B
la

ck
, i

nc
lu

d
in

g 
A

si
an

, A
m

er
ic

an
 In

d
ia

n/
A

la
sk

an
 N

at
iv

e,
 N

at
iv

e 
H

aw
ai

in
/P

ac
ifi

c 
Is

la
nd

er
.



J Am Heart Assoc. 2022;11:e024107. DOI: 10.1161/JAHA.121.024107 7

Hussain et al Potential Impact of ACC/AHA Hypertension Guideline



J Am Heart Assoc. 2022;11:e024107. DOI: 10.1161/JAHA.121.024107 8

Hussain et al Potential Impact of ACC/AHA Hypertension Guideline

and CVD subgroups (Figure  3A through 3F). Of the 
6 042 630 patients in our analysis, 2 585 483 had his-
tory of CVD. Among adults without CVD, 98  040 had 
available data to calculate ASCVD risk, with 98 040 hav-
ing complete lipid data. The largest increase was seen in 
the youngest age groups (aged 18– 45 years followed by 
aged 45- 54 years), women, and those with lower ASCVD 
risk (<5% and 5%– 10%) (Figure 3A and 3E and Table 2).

Baseline characteristics of patients diagnosed with 
hypertension based on 3 criteria are shown in Table 3. 
Patients were comparable in terms of age, sex, ASCVD 
risk, and prevalence of diabetes, CKD, stroke, HF, and 
CAD. Patients diagnosed with hypertension based on 
the ACC/AHA guideline alone were more likely to be 
younger, to be women, and with a lower predicted 10- 
year ASCVD risk and prevalence of diabetes, CKD, 
stroke, CAD, and HF.

Eligibility for Antihypertensive Therapy
Overall, 70.6%, 61.8%, and 65.9% qualified for anti-
hypertensive pharmacotherapy according to the 2017 
ACC/AHA guideline, 2014 expert panel report, and 
JNC7, respectively (Figure 2). This results in an additional 
8.8% and 4.7% qualifying for BP- lowering therapy when 
the 2017 ACC/AHA guideline was compared with the 
2014 expert panel report and JNC7 (Table 4). These find-
ings were consistent for patients regardless of age, sex, 
race and ethnicity, and ASCVD risk (Figure 3A through 
3E). The largest increase, however, was seen in older 
age groups (aged >65 years), those with an intermediate 
10- year ASCVD risk (10%– <20%), and those with a his-
tory of CVD (Figure 3A, 3E, and 3F and Table 4).

Baseline characteristics of individuals recommended 
antihypertensive therapy according to the 2017 ACC/
AHA guideline, the 2014 expert panel report, and the 
JNC7 are shown in Table 5. Individuals recommended 
antihypertensive therapy according to the 2017 ACC/
AHA guideline alone were more likely to be older, to be 
men, to be White race, to have less CKD, and to have 
a 10- year predicted ASCVD risk of 10% to <20% com-
pared with counterparts in other risk categories.

Achievement of BP Treatment Goals 
According to Different Guidelines
Among the patients taking antihypertensive medica-
tion, 41.2%, 79.4%, and 64.3% of patients achieved 

BP targets per the 2017 ACC/AHA guideline, the 
2014 expert panel report, and the JNC7, respectively 
(Figure 2 and Table 6). Similar trend was observed in 
additional sensitivity analysis, including only visits for 
each in which they were on antihypertensive therapy, 
where 41.6%, 79.8%, and 64.3% of patients achieved 
BP targets per the 2017 ACC/AHA guideline, the 
2014 expert panel report, and the JNC7, respectively 
(Table S3).

When stratified by age, sex, and race and ethnic-
ity, the percentage of patients reaching BP targets per 
the ACC/AHA guideline was higher among men, White 
race, and those with prevalent CVD compared with 
the overall population (Figure 3A through 3F). Among 
the ASCVD risk subgroups, the proportion of patients 
who achieved BP targets was highest for those with a 
10- year ASCVD risk <5%, and BP control decreased 
as 10- year ASCVD risk increased (Figure 3E). Similar 
trend was observed in sensitivity analysis, including 
only visits when patients were on antihypertensive 
therapy (Table S4).

Baseline characteristics of patients who achieved 
their target BP according to the 2017 ACC/AHA guide-
line, 2014 expert panel report, and JNC7 are shown in 
Table 7. Patients were comparable in terms of ASCVD 
risk and prevalence of diabetes, CKD, and CVD. 
Patients achieving their BP targets according to the 
2014 expert panel report and JNC7 but not the 2017 
ACC/AHA guideline were more likely to be middle- aged 
(aged 45– 64 years), women, and Black race, and less 
likely to have CAD, stroke/transient ischemic attack, or 
HF.

Median practice- level difference in the proportion 
of patients meeting their BP target according to the 
2014 panel but not the 2017 ACC/AHA guideline was 
37.8% (interquartile range, 34.8%– 40.7%) (Figure  4). 
The practice- level rates ranged widely, with several 
practices having <20% of patients with hypertension 
meeting BP goals per the 2014 panel report but not 
the 2017 ACC/AHA guideline and few having a >50% 
difference. Most practices demonstrated a difference 
of around 30% to 40%.

Similarly, the median practice- level rate in the pro-
portion of patients with hypertension meeting BP tar-
gets according to the JNC7 but not the 2017 ACC/
AHA guideline was 22.9% (interquartile range, 19.8%– 
25.9%) (Figure 5).

Figure 3. Proportion of patient enrolled in the PINNACLE (Practice Innovation and Clinical Excellence) Registry, between 
January 2013 and December 2016, meeting criteria for the definition of hypertension, recommendations for antihypertensive 
therapies, and targets for blood pressure based on the American Colleoge of Cardiology (ACC)/American Heart Association 
(AHA) guidelines, 2014 expert panel report, and Seventh Report of the Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of high blood pressure (JNC7) across age categories (A), sex (B), race (C), ethnicity (D), 10 year 
atherosclerotic cardiovascular disease (ASCVD) risk categories (E), and presence of CVD (F).
CVD indicates cardiovascular disease.
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Table 3. Baseline Characteristics of US Adults Meeting the Definition for Hypertension According to the ACC/AHA 
Guideline, 2014 Expert Panel Report, and JNC7 Based on the 2013 to 2016 PINNACLE Registry Data

Characteristics
ACC/AHA 
guideline 2014 Report

Difference between ACC/AHA 
guideline and 2014 report JNC7

Difference between ACC/AHA 
guideline and JNC7

Total No. 5 027 961 4 521 272 506 689 4 545 976 481 985

Age, y

Mean±SD 65.0±14.7 66.3±13.9 53.4±16.9 66.3±13.9 52.4±16.7

Median (Q1– Q3) 67.0 
(56.0– 76.0)

67.0 
(58.0– 76.0)

54.0 (41.0– 66.0) 68.0 
(58.0– 76.0)

53.0 (40.0– 65.0)

Range (minimum– 
maximum)

18.0– 100.0 18.0– 100.0 18.0– 100.0 18.0– 100.0 18.0– 100.0

18– 44 9.5 7.1 31.0 7.1 32.6

45– 54 12.6 11.8 19.7 11.7 20.7

55– 64 21.9 22.0 21.1 22.0 21.2

65– 74 28.3 29.5 17.4 29.6 15.9

≥75 27.6 29.5 10.8 29.6 9.5

Sex

Men 50.3 50.8 46.2 50.7 46.3

Women 49.7 49.2 53.8 49.3 53.7

Race

White 64.7 64.4 67.5 64.5 67.3

Black 7.5 7.6 6.5 7.6 6.6

Other* 0.5 0.5 0.5 0.5 0.5

Missing 27.3 27.5 25.5 27.5 25.7

History of stroke/TIA 10.9 11.5 5.9 11.4 5.8

History of stroke 8.5 8.9 4.9 8.8 4.9

History of TIA 3.4 3.7 1.4 3.7 1.4

Coronary artery 
disease

38.3 41.4 10.7 41.2 10.5

History of MI 9.1 9.9 2.3 9.8 2.3

History of PCI 13.0 14.1 2.9 14.1 2.9

History of CABG 6.5 7.1 1.2 7.1 1.2

Diabetes 22.4 24.0 7.8 23.9 8.2

Chronic kidney 
disease

3.9 4.3 0.6 4.3 0.6

Heart failure 15.1 16.3 4.7 16.2 4.7

10- y Predicted ASCVD risk, %

Mean±SD (N) 14.0±12.0 (82 
765)

14.8±12.3 (73 
227)

7.8±7.7 (9538) 14.8±12.3 (73 
548)

7.6±7.5 (9217)

Median (Q1– Q3) 10.6 
(4.8– 20.0)

11.5 (5.4– 21.1) 5.3 (2.3– 10.7) 11.5 
(5.4– 21.1)

5.0 (2.3– 10.4)

Range (minimum– 
maximum)

0.0– 95.1 0.0– 95.1 0.1– 63.1 0.0– 95.1 0.1– 63.1

<5 26.1 23.2 48.3 23.1 49.7

5– <10 21.9 21.6 24.3 21.6 24.1

10– <20 27.1 28.1 19.1 28.1 18.6

≥20 24.9 27.1 8.3 27.1 7.6

History of CVD 47.7 51.2 17.0 51.0 16.8

Data are given as percentages, unless otherwise indicated. ACC indicates American College of Cardiology; AHA, American Heart Association; ASCVD, 
atherosclerotic CVD; CABG, coronary artery bypass grafting; CVD, cardiovascular disease; JNC7, Seventh Report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure; MI, myocardial infarction; PCI, percutaneous coronary intervention; Q1, quartile 1; 
Q3, quartile 3; PINNACLE, Practice Innovation and Clinical Excellence; and TIA, transient ischemic attack.

*Defined as combination of any race other than White or Black, including Asian, American Indian/Alaskan Native, Native Hawaiin/Pacific Islander.
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Table 5. Baseline Characteristics of US Adults Recommended Antihypertensive Medication According to the ACC/AHA 
Guideline, 2014 Expert Panel Report, and JNC7 Based on the 2013 to 2016 PINNACLE Registry Data

Characteristics
ACC/AHA 
guideline 2014 Report

Difference between ACC/
AHA guideline and 2014 
report JNC7

Difference between 
ACC/AHA guideline and 
JNC7

Total No. 4 266 118 3 734 134 531 984 3 983 633 282 485

Age, y

Mean±SD 66.5±13.8 66.3±13.9 68.1±12.6 66.3±13.8 68.5±12.7

Median (Q1– Q3) 68.0 (58.0– 76.0) 67.0 (58.0– 76.0) 69.0 (62.0– 77.0) 68.0 (58.0– 76.0) 70.0 (63.0– 77.0)

Range 
(minimum– maximum)

18.0– 100.0 18.0– 100.0 18.0– 100.0 18.0– 100.0 18.0– 100.0

18– 44 6.9 7.2 5.1 7.1 5.1

45– 54 11.5 11.9 8.3 11.7 8.4

55– 64 21.5 22.0 17.8 22.0 14.5

65– 74 30.3 29.3 37.8 29.7 40.1

≥75 29.8 29.6 30.9 29.6 32.0

Sex

Men 50.9 51.0 50.0 50.8 51.3

Women 49.1 49.0 50.0 49.2 48.7

Race

White 64.1 63.4 69.1 63.7 69.2

Black 7.5 7.7 6.3 7.7 4.9

Other* 0.5 0.5 0.4 0.5 0.3

Missing 27.9 28.4 24.2 28.1 25.6

History of stroke/TIA 12.0 11.9 12.1 11.8 14.8

History of stroke 9.3 9.3 10.0 9.1 12.8

History of TIA 3.7 3.8 3.2 3.7 3.3

Coronary artery disease 41.6 42.3 36.8 41.5 42.9

History of MI 9.9 10.3 7.6 10.0 9.4

History of PCI 14.2 14.6 11.3 14.3 12.8

History of CABG 7.1 7.4 4.9 7.2 5.2

Diabetes 24.0 24.1 23.1 25.7 0.0

Chronic kidney disease 4.2 4.5 2.7 4.5 0.0

Heart failure 16.4 16.7 14.0 16.4 16.5

10- y Predicted ASCVD risk, %

Mean±SD (N) 15.5±12.3 (69 294) 15.5±12.6 (60 416) 15.3±9.2 (8878) 15.5±12.5 (64 697) 14.7±7.1 (4597)

Median (Q1– Q3) 12.4 (6.1– 21.7) 12.1 (5.7– 22.0) 13.6 (9.0– 20.1) 12.2 (5.8– 22.0) 13.6 (10.3– 18.9)

Range 
(minimum– maximum)

0.1– 95.1 0.1– 95.1 0.2– 86.8 0.1– 95.1 0.2– 56.2

<5 20.4 21.8 10.3 21.3 6.9

5– <10 20.7 21.1 17.8 21.1 14.9

10– <20 30.4 28.0 46.7 28.5 57.1

≥20 28.6 29.1 25.2 29.1 21.1

History of CVD 52.0 52.4 49.1 51.5 59.4

Data are given as percentages, unless otherwise indicated. Please note that all adults with hypertension, according to the 2014 expert panel member report 
definition of hypertension, are recommended treatment with antihypertensive medications. ACC indicates American College of Cardiology; AHA, American 
Heart Association; ASCVD, atherosclerotic CVD; CABG, coronary artery bypass grafting; CVD, cardiovascular disease; JNC7, Seventh Report of the Joint 
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure; MI, myocardial infarction; PCI, percutaneous coronary 
intervention; PINNACLE, Practice Innovation and Clinical Excellence; Q1, quartile 1; Q3, quartile 3; and TIA, transient ischemic attack.

*Defined as combination of any race other than White or Black, including Asian, American Indian/Alaskan Native, Native Hawaiin/ Pacific Islander.
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DISCUSSION
These analyses from the ACC’s NCDR PINNACLE 
Registry demonstrate that application of the 2017 
ACC/AHA guideline recommendations in a cohort 
of patients treated at cardiology practices resulted 
in 83.2% of patients meeting criteria for hyperten-
sion, 70.6% being recommended antihypertensive 

medication, and 41.2% achieving their BP goal before 
the publication and uptake of the 2017 guidelines into 
cardiology practices (Figure  2). Compared with the 
criteria put forth in the 2014 expert panel report and 
JNC7, there is a significant increase in the prevalence 
of hypertension and the proportion of patients need-
ing antihypertensive therapy. Moreover, there was an 

Table 7. Baseline Characteristics of US Adults Taking Antihypertensive Medication Who Meet BP Treatment Goal per ACC/
AHA Guideline, 2014 Expert Panel Report, and JNC7 Based on the 2013 to 2016 PINNACLE Registry Data

Characteristics
ACC/AHA 
guideline 2014 Report

Difference between 
ACC/AHA guideline and 
2014 report JNC7

Difference between ACC/
AHA guideline and JNC7

Total No. 1 404 435 2 703 939 1 299 504 2 189 612 785 177

Age, y

Mean±SD 67.7±13.7 67.6±13.4 67.4±13.0 67.0±13.7 68.5±13.8

Median (Q1– Q3) 69.0 (60.0– 78.0) 69.0 (60.0– 77.0) 69.0 (60.0– 77.0) 69.0 (58.0– 77.0) 67.0 (57.0– 75.0)

Range 
(minimum– maximum)

18.0– 100.0 18.0– 100.0 18.0– 100.0 18.0– 100.0 18.0– 100.0

18– 44 5.8 5.6 5.4 6.4 7.4

45– 54 9.9 10.1 10.3 11.1 13.2

55– 64 20.8 21.2 21.7 21.7 23.3

65– 74 30.3 31.1 31.9 29.8 28.8

≥75 33.2 32.0 30.8 31.1 27.3

Sex

Men 52.5 51.7 50.8 52.0 51.1

Women 47.5 48.3 49.2 48.0 48.9

Race

White 64.8 64.3 63.7 64.6 64.1

Black 5.4 6.3 7.2 5.9 6.7

Other* 0.5 0.5 0.5 0.5 0.4

Missing 29.2 29.0 28.6 29.1 28.8

History of stroke/TIA 12.7 12.5 12.2 12.1 11.1

History of stroke 9.8 9.6 9.4 9.4 8.6

History of TIA 4.0 3.9 3.9 3.8 3.4

Coronary artery 
disease

49.1 46.4 43.4 46.1 40.7

History of MI 13.2 11.8 10.3 12.1 10.3

History of PCI 17.5 16.3 15.0 16.2 14.0

History of CABG 9.3 8.4 7.4 8.2 6.3

Diabetes 23.9 21.6 19.1 15.3 0.0

Chronic kidney disease 4.7 4.0 3.3 3.0 0.0

Heart failure 21.5 18.9 16.0 19.2 14.9

10- y Predicted ASCVD risk, %

Mean±SD (N) 13.3±10.8 (18 590) 14.6±11.4 (40 092) 15.6±11.7 (21 502) 12.7±10.1 (32 192) 11.9±9.1 (13 602)

Median (Q1– Q3) 10.6 (4.9– 19.1) 11.8 (5.6– 20.9) 12.8 (6.4– 22.4) 10.1 (4.8– 18,3) 9.4 (4.7– 17.1)

Range 
(minimum– maximum)

0.1– 80.7 0.1– 80.7 0.1– 72.2 0.1– 80.7 0.1– 63.1

<5 25.5 22.1 19.1 26.2 27.1

5– <10 22.3 21.6 21.0 23.6 25.4

10– <20 29.0 29.4 29.7 28.8 28.6

≥20 23.2 26.9 30.2 21.4 18.9

History of CVD 60.1 57.0 53.7 56.8 51.0

Proportions and 95% Clopper- Pearson (exact) CIs were reported. ACC indicates American College of Cardiology; AHA, American Heart Association; 
ASCVD, atherosclerotic CVD; BP, blood pressure; CABG, coronary artery bypass grafting; CVD, cardiovascular disease; JNC7, Seventh Report of the Joint 
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure; MI, myocardial infarction; PCI, percutaneous coronary 
intervention; PINNACLE, Practice Innovation and Clinical Excellence; Q1, quartile 1; Q3, quartile 3; and TIA, transient ischemic attack.

*Defined as combination of any race other than White or Black, including Asian, American Indian/Alaskan Native, Native Hawaiin/ Pacific Islander.
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absolute decrease of 38.2% and 23.1% in the propor-
tion of patients taking antihypertensive treatment who 
achieved the 2017 ACC/AHA guideline- recommended 
BP goal compared with the 2014 expert panel report 
and JNC7, respectively. Women, patients belonging to 
underrepresented racial and ethnic groups, and those 
with higher 10- year ASCVD risk demonstrated the low-
est degree of BP control. Finally, there was significant 
practice- level variation in BP control. Collectively, these 
findings underscore a greater need to identify patients 
with hypertension and to initiate lifestyle changes and 
treatment approaches to be guideline concordant.

Compared with the prior 2014 expert panel report 
and JNC7, there was an absolute increase in the prev-
alence of hypertension by about 8% Much of the in-
crease in the prevalence of hypertension stems from 
adults with a systolic BP of 130 to 139 mm Hg or a 
diastolic BP of 80 to 89 mm Hg (stage 1 hypertension), 
consistent with findings from other US and international 
studies.4,14– 19 The largest increase in hypertension 

was noted in young patients referred to cardiology 
practices with low cardiovascular risk (ie, 10- year 
predicted CVD risk <10%) and without CKD, diabe-
tes, CAD, and HF. A substantial proportion of these 
individuals would not be recommended drug therapy 
outright based on their lower baseline cardiovascular 
risk.20– 22 Correspondingly, we observed a smaller in-
crease in number warranting antihypertensive therapy. 
Therefore, the application of the 2017 ACC/AHA guide-
line provides an opportunity to discuss and implement 
healthy nonpharmacological lifestyle interventions, 
such as weight loss, a healthy diet, sodium restriction, 
physical activity, and moderation in alcohol consump-
tion, particularly in those who are young and relatively 
healthy, but with hypertension.

Failure to achieve BP targets has been a common 
issue based on prior BP goals; however, with the 2017 
ACC/AHA guideline, BP control was lower. About 60% 
of patients on antihypertensive therapy did not achieve 
their BP goal per the 2017 ACC/AHA guideline. Lack of 

Figure 4. Differences in the proportion of patients meeting blood pressure (BP) targets as per 2014 expert panel report 
but not as per American College of Cardiology (ACC)/American Heart Association (AHA) guideline across participating 
practices in the PINNACLE (Practice Innovation and Clinical Excellence) Registry.
The x axis shows random practice identifier; the y axis shows difference in the proportion of patients meeting BP target per 2014 
expert panel report but not ACC/AHA guidelines. IQR indicates interquartile range; JNC8, Eighth Joint National Committee; Max, 
maximum; Min, minimum; Q1, quartile 1; and Q3, quartile 3.
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BP control was most pronounced in women, Black and 
Hispanic individuals, and those with higher CVD risk. 
Previous studies have shown that women have consis-
tently lower BPs compared with men of the same age 
group.23 In this analysis, women were less likely to achieve 
their BP goal. The difference in awareness and behavior 
of both patients and clinicians24 may explain this sex dis-
parity. Women are less likely to recognize CVD and CVD 
risk factors as a health problem,25 with Hispanic women 
demonstrating lower hypertension awareness than their 
Black or White counterparts. Clinicians are also less likely 
to identify and diagnose CVD and CVD risk factors in 
women,26,27 and women with CVD or CVD risk factors 
are less likely to receive guideline- recommended preven-
tive therapies because of therapeutic inertia.27– 30

We also observed significant differences in hyperten-
sion management based on race and ethnicity, with a 
lower proportion of Black and Hispanic patients achiev-
ing their BP goal. A previous study from the US National 

Health and Nutrition Examination Survey also high-
lighted similar differences, with lower BP control rates in 
non- Hispanic Black, non- Hispanic Asian, and Hispanic 
adults compared with non- Hispanic White adults.31 
Causes of racial and ethnic disparities are multifactorial 
and, in part, relate to insurance coverage and access 
to health care, socioeconomic status, patient- provider 
communication, and medication adherence.32,33 In ad-
dition, the 2017 ACC/AHA guideline recommends the 
use of the PCE to estimate 10- year cardiovascular risk. 
Because the PCE calculation attributes higher risk to 
Black than White individuals in its calculation, more 
Black individuals will have higher 10- year cardiovascular 
risk scores and with a BP of 130 to 139/80 to 89 mm Hg 
will be in need of pharmacotherapy. On the other hand, 
the PCE may underestimate risk for certain races and 
ethnicities, including some Asian Americans (eg, South 
Asian ancestry), American Indians/Alaska Natives, 
and some Hispanics (eg, Puerto Ricans),34 potentially 

Figure 5. Difference in the proportion of patients meeting blood pressure (BP) targets as per Seventh Report of the Joint 
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC7) but not as per 
American College of Cardiology (ACC)/American Heart Association (AHA) guideline across participating practices in the 
PINNACLE (Practice Innovation and Clinical Excellence) Registry.
The x axis shows random practice identifier; the y axis shows difference in the proportion of patients meeting BP target per JNC7 but 
not ACC/AHA guidelines. IQR indicates interquartile range; Max, maximum; Min, minimum; Q1, quartile 1; Q3, quartile 3.
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resulting in underuse of antihypertensive therapy in 
these populations. Taken together, the clinically import-
ant differences in BP treatment and control among dif-
ferent sexes and races and ethnicities highlighted in our 
study may in fact be markers of true health disparities 
that could have important downstream effects, includ-
ing a higher risk of stroke, myocardial infarction, and 
renal failure in these specific population groups.

Many practical issues and challenges may limit the 
widespread implementation of guideline recommenda-
tions, accounting for the lack of hypertension control, 
and substantial practice- level variation seen in this reg-
istry. Globally, a considerable proportion of adults with 
hypertension are either unaware of their diagnosis or 
do not achieve BP control per previous guideline rec-
ommendations.35– 38 In our study, more than one third 
of patients with hypertension did not achieve their BP 
goal, as defined by the JNC7 criteria. Application of the 
2017 ACC/AHA guideline recommendations will result 
in significant up- front health care costs to care for the 
substantially greater number of hypertensive patients, 
but potentially lower long- term costs with reduced car-
diovascular complications.

Second, the disproportionate increase in people di-
agnosed with hypertension compared with those rec-
ommended antihypertensive therapies5,14 will require a 
greater emphasis on lifestyle modification to achieve 
BP reduction. Cardiology practices across the United 
States need a coordinated effort and multidisciplinary 
approach to achieve improved hypertension treatment 
and control. Doing so will most certainly require more 
time and resources, which may deter the implemen-
tation of recommendations in the 2017 ACC/AHA 
guideline. Moreover, the uneven distribution of patients 
meeting BP targets across practices seen in our study 
is likely to result in significant variation in the quality of 
care if more stringent BP targets were to be approved 
as performance measures or quality metrics.

The 2017 ACC/AHA guideline, however, may serve 
as a wake- up call to identify patients not meeting BP 
goals. Although perfect attainment of these goals on a 
population level will never be achievable, recognition of 
more patients being further from their goals may spur 
greater lifestyle and pharmacologic efforts in appropri-
ate patients to control BP.

Study Limitations
First, our study population has selected to be seen 
in outpatient US cardiology practices that participate 
in the PINNACLE Registry. Accordingly, a higher pro-
portion of patients in our study have cardiovascular 
comorbidities and, consequently, hypertension com-
pared with the general population.39 This limits the 
generalizability of these findings to primary care set-
ting and requires future studies in different cohorts. 
Second, the results were based on data between 

2013 and 2016, which reflects a time before guideline 
changes and may predate broad uptake into practice. 
Third, use of average BP values derived from multiple 
measurements in registry visits may not be accurate to 
arrive at a clinical diagnosis of hypertension as defined 
by the guidelines, beyond patients who have a docu-
mented diagnosis or are on antihypertensive treatment. 
However, these may be sufficient to highlight between- 
group differences but not to estimate prevalence of 
hypertension or antihypertensive therapy within the 
cohort. Furthermore, BP measurement protocols were 
not standardized across practices and, as such, may 
account for variability in the measurement of BP.

In addition, assessment of the proportion of pa-
tients achieving their BP goal based on an average BP 
measurement of all visits over a 2- year period does 
not reflect real- life practice. Because some may have 
been initiated on pharmacotherapy on follow- up, we 
may have underestimated BP control. Last, our study 
assessed outpatient care for patients receiving care 
in cardiology practices enrolled in the PINNACLE 
Registry. These results, therefore, may not apply to 
other cardiology or primary care practices.

CONCLUSIONS
In conclusion, our study illustrates that implementation 
of the 2017 ACC/AHA hypertension guideline results 
in a substantially increased number of adults referred 
to cardiology practices meeting criteria for hyperten-
sion, particularly among young patients with low car-
diovascular risk and without history of diabetes, CKD, 
and CAD. The increase in number of individuals likely 
to be recommended antihypertensive therapy from the 
outset will be smaller, as pharmacological treatment is 
reserved for those with higher ASCVD risk. Moreover, 
based on this cross- sectional analysis predating the 
2017 ACC/AHA guideline, a substantially higher pro-
portion of adults are at risk of being short of the more 
intensive BP goal set by the 2017 guideline. This was 
most pronounced in women, underrepresented races 
and ethnicities, and those with higher ASCVD risk. 
Outreach efforts should be targeted at the practice 
level, given the significant practice- level variation ob-
served in the proportion of patients meeting BP targets.
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Supplemental Material 



Table S1. Baseline Characteristics of U.S. Adults Meeting the Definition for Hypertension and Recommended Antihypertensive Medication According 

to the 2017 ACC/AHA Guideline and the JNC8 Guideline Based on the 2013–2016 PINNACLE Data. 

2017 ACC/AHA Guideline JNC8 Guidelines 
Difference (2017 ACC/AHA, But Not 

JNC8)  

Characteristics 
Hypertension (N = 

5027961)  

Recommended 

Antihypertensive 

Medication 

(N = 4266118)  

Hypertension (N = 

4521272)  

Recommended 

Antihypertensive 

Medication 

(N = 3734134)  

Hypertension (N 

= 506689)  

Recommended 

Antihypertensive 

Medication 

(N = 531984)  

History of Hypertension 
75.4% 

(3793378/5027961)  

78.3% 

(3339820/4266118) 

83.9% 

(3793378/4521272)  

80.5% 

(3006240/3734134) 
0.0% (0/506689) 

62.7% 

(333580/531984) 

On Antihypertensive 

Medications  

66.9% 

(3365371/5027961)  

78.8% 

(3363807/4266118) 

74.2% 

(3353197/4521272)  

89.8% 

(3353197/3734134) 

2.4% 

(12174/506689) 
2.0% (10610/531984)  

Number of BP 

Measurements Used 

Mean ± SD (N) 2.0±0.1 (5027961) 2.0±0.1 (4266118) 2.0±0.1 (4521272) 2.0±0.1 (3734134) 2.0±0.1 (506689)  2.0±0.1 (531984) 

Median (Q1,Q3) 2.0 (2.0,2.0) 2.0 (2.0,2.0) 2.0 (2.0,2.0) 2.0 (2.0,2.0) 2.0 (2.0,2.0) 2.0 (2.0,2.0) 

Range (Min,Max) (2.0,6.0) (2.0,6.0) (2.0,6.0) (2.0,6.0) (2.0,6.0) (2.0,5.0) 

Ejection Fraction ≤40 
9.9% 

(190324/1919712) 

9.8% 

(172856/1758731) 

9.6% 

(175670/1834413) 

9.4% 

(150237/1596142) 

17.2% 

(14654/85299) 

13.9% 

(22619/162589) 

Ejection Fraction ≤40 

among those without 

hypertension and on 

antihypertensive meds 

5.1% 

(12187/238602) 
4.6% (10841/237256) 0.4% (933/227348) 0.4% (933/227348) 

100.0% 

(11254/11254) 
100.0% (9908/9908) 

ACC=American College of Cardiology, AHA=American Heart Association; JNC7= Seventh Joint National Committee (JNC7); ASCVD= atherosclerotic cardiovascular disease; CVD= 
cardiovascular disease; SD=standard deviation; Q=quartile; min=minimum; max=maximum; US=United States, N=number 



Table S2. Baseline Characteristics of U.S. Adults Meeting the Definition for Hypertension and Recommended Antihypertensive Medication According 

to the 2017 ACC/AHA Guideline and the JNC7 Guideline Based on the 2013–2016 PINNACLE Data.  

 2017 ACC/AHA Guideline  JNC7 Guidelines  
Difference (2017 ACC/AHA, But Not 

JNC7)  

Characteristics  
Hypertension (N = 

5027961)  

Recommended 

Antihypertensive 

Medication 

(N = 4266118)  

Hypertension (N = 

4545976)  

Recommended 

Antihypertensive 

Medication 

(N = 3983633)  

Hypertension (N 

= 481985)  

Recommended 

Antihypertensive 

Medication 

(N = 282485)  

History of Hypertension  
75.4% 

(3793378/5027961)  

78.3% 

(3339820/4266118)  

83.4% 

(3793378/4545976)  

80.1% 

(3189874/3983633)  
0.0% (0/481985)  

53.1% 

(149946/282485)  

On Antihypertensive 

Medications  

66.9% 

(3365371/5027961)  

78.8% 

(3363807/4266118)  

73.8% 

(3353850/4545976)  

84.2% 

(3355983/3983633)  

2.4% 

(11521/481985)  
2.8% (7824/282485)  

Number of BP 

Measurements Used  
      

Mean ± SD (N)  2.0±0.1 (5027961)  2.0±0.1 (4266118)  2.0±0.1 (4545976)  2.0±0.1 (3983633)  2.0±0.1 (481985)  2.0±0.1 (282485)  

Median (Q1,Q3)  2.0 (2.0,2.0)  2.0 (2.0,2.0)  2.0 (2.0,2.0)  2.0 (2.0,2.0)  2.0 (2.0,2.0)  2.0 (2.0,2.0)  

Range (Min,Max)  (2.0,6.0)  (2.0,6.0)  (2.0,6.0)  (2.0,6.0)  (2.0,6.0)  (2.0,5.0)  

Ejection Fraction ≤40  
9.9% 

(190324/1919712)  

9.8% 

(172856/1758731)  

9.6% 

(176501/1838559)  

9.5% 

(158348/1659307)  

17.0% 

(13823/81153)  
14.6% (14508/99424)  

Ejection Fraction ≤40 

among those without 

hypertension and on 

antihypertensive meds  

5.1% 

(12187/238602)  
4.6% (10841/237256)  0.7% (1541/227956)  1.5% (3547/229962)  

100.0% 

(10646/10646)  
100.0% (7294/7294)  

 
ACC=American College of Cardiology, AHA=American Heart Association; JNC7= Seventh Joint National Committee (JNC7); ASCVD= atherosclerotic cardiovascular disease; CVD= 
cardiovascular disease; SD=standard deviation; Q=quartile; min=minimum; max=maximum; US=United States, N=number 

 

  



Table S3. Percentage of U.S. Adults Taking Antihypertensive Medication Who Meet BP Treatment Goal Per 2017 ACC/AHA Guideline, JNC7 

Guideline and JNC8 Guideline Based on the 2013–2016 PINNACLE Data, Sensitivity Analysis. 
 

Subgroups 2017 ACC/AHA Guideline JNC7 Guideline 

JNC7 Guideline, But Not 
the 2017 ACC/AHA 

Guideline JNC8 Guideline 

JNC8 Guideline, But Not 
the 2017 ACC/AHA 

Guideline 

Overall (N = 2971934) 41.63% (41.58%, 41.69%) 64.41% (64.35%, 64.46%) 22.78% (22.73%, 22.82%) 79.77% (79.73%, 79.82%) 38.14% (38.08%, 38.20%) 

Age group, yrs      

    18-44 (N = 160497) 39.63% (39.39%, 39.87%) 67.77% (67.54%, 68.00%) 28.14% (27.92%, 28.36%) 73.75% (73.53%, 73.96%) 34.12% (33.88%, 34.35%) 

    45-54 (N = 315997) 37.50% (37.33%, 37.67%) 64.79% (64.62%, 64.96%) 27.29% (27.14%, 27.45%) 73.08% (72.93%, 73.24%) 35.59% (35.42%, 35.75%) 

    55-64 (N = 642559) 39.79% (39.67%, 39.91%) 64.14% (64.03%, 64.26%) 24.35% (24.25%, 24.46%) 77.69% (77.59%, 77.79%) 37.90% (37.78%, 38.02%) 

    65-74 (N = 908912) 41.74% (41.63%, 41.84%) 63.54% (63.44%, 63.64%) 21.80% (21.72%, 21.89%) 81.87% (81.79%, 81.95%) 40.13% (40.03%, 40.24%) 

    ≥75 (N = 943969) 44.51% (44.41%, 44.61%) 64.73% (64.63%, 64.82%) 20.22% (20.14%, 20.30%) 82.43% (82.36%, 82.51%) 37.92% (37.83%, 38.02%) 

Male (N = 1533143) 42.73% (42.65%, 42.80%) 65.40% (65.32%, 65.47%) 22.67% (22.60%, 22.74%) 80.38% (80.31%, 80.44%) 37.65% (37.57%, 37.73%) 

Female (N = 1436305) 40.46% (40.38%, 40.54%) 63.35% (63.28%, 63.43%) 22.89% (22.82%, 22.96%) 79.12% (79.06%, 79.19%) 38.66% (38.58%, 38.74%) 

Race      

    White (N = 1875019) 42.78% (42.71%, 42.85%) 65.91% (65.85%, 65.98%) 23.13% (23.07%, 23.19%) 81.27% (81.22%, 81.33%) 38.49% (38.42%, 38.56%) 

    Black (N = 215758) 30.69% (30.49%, 30.88%) 51.27% (51.06%, 51.49%) 20.59% (20.42%, 20.76%) 67.91% (67.71%, 68.11%) 37.22% (37.02%, 37.43%) 

    Other (N = 14678) 41.42% (40.62%, 42.22%) 60.98% (60.19%, 61.77%) 19.57% (18.93%, 20.22%) 76.97% (76.28%, 77.64%) 35.55% (34.77%, 36.33%) 

Hispanic (N = 128486) 39.32% (39.05%, 39.58%) 59.59% (59.32%, 59.86%) 20.27% (20.05%, 20.49%) 76.67% (76.44%, 76.90%) 37.35% (37.09%, 37.62%) 

Non-Hispanic (N = 
2843448) 

41.74% (41.68%, 41.79%) 64.63% (64.57%, 64.68%) 22.89% (22.84%, 22.94%) 79.91% (79.87%, 79.96%) 38.18% (38.12%, 38.23%) 

10-Year ASCVD Risk 
categories 

     

    <5% (N = 9209) 42.87% (41.86%, 43.89%) 75.76% (74.87%, 76.64%) 32.89% (31.93%, 33.86%) 79.72% (78.88%, 80.53%) 36.84% (35.86%, 37.84%) 

    5% to <10% (N = 9412) 37.60% (36.62%, 38.59%) 68.61% (67.67%, 69.55%) 31.01% (30.08%, 31.96%) 78.22% (77.37%, 79.05%) 40.62% (39.62%, 41.62%) 

    10% to <20% (N = 
13101) 

35.55% (34.73%, 36.37%) 60.90% (60.06%, 61.74%) 25.36% (24.61%, 26.11%) 76.92% (76.19%, 77.64%) 41.37% (40.53%, 42.22%) 

    ≥20% (N = 13771) 27.35% (26.61%, 28.11%) 43.42% (42.59%, 44.25%) 16.06% (15.45%, 16.69%) 67.77% (66.98%, 68.55%) 40.42% (39.60%, 41.24%) 

History of CVD (N = 
1705314) 

44.68% (44.61%, 44.76%) 65.57% (65.50%, 65.64%) 20.89% (20.83%, 20.95%) 81.39% (81.33%, 81.45%) 36.71% (36.64%, 36.78%) 

 
ACC=American College of Cardiology, AHA=American Heart Association; JNC7= Seventh Joint National Committee (JNC7); ASCVD= atherosclerotic cardiovascular disease; CVD= 
cardiovascular disease; US=United States, N=number. 

 
 



Table S4. Baseline Characteristics of U.S. Adults Taking Antihypertensive Medication Who Meet BP Treatment Goal Per ACC/AHA Guideline, JNC8 

Expert Report and JNC7 Guideline Based on the 2013–2016 PINNACLE Data, Sensitivity Analysis. 
 

Characteristics 
ACC/AHA Guideline (N 

= 1237263) 
JNC8 Guideline (N = 

2370758) 

Difference between 
ACC/AHA guideline and 

JNC8 report (N = 
1133495) 

JNC7 Guideline (N = 
1914176) 

Difference between 
ACC/AHA and JNC7 

guidelines (N = 676913) 

Age (Years)      

    Mean ± SD (N) 68.2±13.4 (1237263) 68.0±13.1 (2370758) 67.8±12.8 (1133495) 67.4±13.5 (1914176) 66.0±13.5 (676913) 

    Median (Q1,Q3) 69.0 (60.0,78.0) 69.0 (60.0,77.0) 69.0 (60.0,77.0) 68.0 (59.0,77.0) 67.0 (57.0,76.0) 

    Range (Min,Max) (18.0,100.0) (18.0,100.0) (18.0,100.0) (18.0,100.0) (18.0,100.0) 

    18-44 5.1% (63607/1237263) 5.0% (118362/2370758) 4.8% (54755/1133495) 5.7% (108770/1914176) 6.7% (45163/676913) 

    45-54 9.6% (118491/1237263) 9.7% (230943/2370758) 9.9% (112452/1133495) 10.7% (204735/1914176) 12.7% (86244/676913) 

    55-64 20.7% (255679/1237263) 21.1% (499186/2370758) 21.5% (243507/1133495) 21.5% (412162/1914176) 23.1% (156483/676913) 

    65-74 30.7% (379337/1237263) 31.4% (744127/2370758) 32.2% (364790/1133495) 30.2% (577516/1914176) 29.3% (198179/676913) 

    ≥75 34.0% (420149/1237263) 32.8% (778140/2370758) 31.6% (357991/1133495) 31.9% (610993/1914176) 28.2% (190844/676913) 

Sex      

    Male 53.0% (655057/1236237) 52.0% (1232284/2368750) 51.0% (577227/1132513) 52.4% (1002627/1912588) 51.4% (347570/676351) 

    Female 47.0% (581180/1236237) 48.0% (1136466/2368750) 49.0% (555286/1132513) 47.6% (909961/1912588) 48.6% (328781/676351) 

Race      

    White 64.8% (802134/1237263) 64.3% (1523880/2370758) 63.7% (721746/1133495) 64.6% (1235904/1914176) 64.1% (433770/676913) 

    Black 5.4% (66209/1237263) 6.2% (146519/2370758) 7.1% (80310/1133495) 5.8% (110628/1914176) 6.6% (44419/676913) 

    Other 0.5% (6079/1237263) 0.5% (11297/2370758) 0.5% (5218/1133495) 0.5% (8951/1914176) 0.4% (2872/676913) 

    Missing 29.3% (362841/1237263) 29.1% (689062/2370758) 28.8% (326221/1133495) 29.2% (558693/1914176) 28.9% (195852/676913) 

History of Stroke/TIA 13.0% (161058/1237263) 12.8% (304160/2370758) 12.6% (143102/1133495) 12.5% (238572/1914176) 11.5% (77514/676913) 

    History of Stroke 10.1% (124908/1237263) 9.9% (235121/2370758) 9.7% (110213/1133495) 9.7% (184720/1914176) 8.8% (59812/676913) 

    History of TIA 4.1% (50509/1237263) 4.0% (95730/2370758) 4.0% (45221/1133495) 3.9% (74309/1914176) 3.5% (23800/676913) 

Coronary Artery Disease 50.5% (625204/1237263) 47.8% (1133258/2370758) 44.8% (508054/1133495) 47.6% (910715/1914176) 42.2% (285511/676913) 

    History of MI 13.5% (166872/1237263) 12.0% (285585/2370758) 10.5% (118713/1133495) 12.4% (237735/1914176) 10.5% (70863/676913) 

    History of PCI 18.0% (222978/1237263) 16.9% (399473/2370758) 15.6% (176495/1133495) 16.8% (322516/1914176) 14.7% (99538/676913) 

    History of CABG 9.6% (119289/1237263) 8.7% (206440/2370758) 7.7% (87151/1133495) 8.6% (164408/1914176) 6.7% (45119/676913) 

Diabetes 24.5% (303663/1237263) 22.2% (525846/2370758) 19.6% (222183/1133495) 15.9% (303663/1914176) 0.0% (0/676913) 

Chronic Kidney Disease 4.9% (60307/1237263) 4.2% (99773/2370758) 3.5% (39466/1133495) 3.2% (60307/1914176) 0.0% (0/676913) 

Heart Failure 22.2% (274241/1237263) 19.4% (460751/2370758) 16.5% (186510/1133495) 19.8% (378683/1914176) 15.4% (104442/676913) 

10-Year Predicted CVD 
Risk (%) 

     

    Mean ± SD (N) 13.5±10.8 (15911) 14.7±11.4 (34113) 15.8±11.8 (18202) 12.9±10.2 (27393) 12.0±9.1 (11482) 

    Median (Q1,Q3) 10.8 (5.0,19.3) 11.9 (5.8,21.1) 13.0 (6.5,22.6) 10.3 (4.9,18.5) 9.6 (4.8,17.4) 

    Range (Min,Max) (0.1,80.7) (0.1,80.7) (0.1,72.2) (0.1,80.7) (0.1,63.1) 



    <5% 24.8% (3948/15911) 21.5% (7341/34113) 18.6% (3393/18202) 25.5% (6977/27393) 26.4% (3029/11482) 

    5% to <10% 22.2% (3539/15911) 21.6% (7362/34113) 21.0% (3823/18202) 23.6% (6458/27393) 25.4% (2919/11482) 

    10% to <20% 29.3% (4657/15911) 29.5% (10077/34113) 29.8% (5420/18202) 29.1% (7979/27393) 28.9% (3322/11482) 

    ≥20% 23.7% (3767/15911) 27.4% (9333/34113) 30.6% (5566/18202) 21.8% (5979/27393) 19.3% (2212/11482) 

History of CVD 61.6% (761986/1237263) 58.5% (1387969/2370758) 55.2% (625983/1133495) 58.4% (1118226/1914176) 52.6% (356240/676913) 

ACC=American College of Cardiology, AHA=American Heart Association; JNC7= Seventh Joint National Committee (JNC7); ASCVD= atherosclerotic cardiovascular disease; CVD= 
cardiovascular disease; SD=standard deviation; Q=quartile; min=minimum; max=maximum; TIA=transient ischemic attack; MI=myocardial infarction; PCI=percutaneous coronary 
intervention; CABG=coronary artery bypass graft; US=United States, N=number. 
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