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ABSTRACT
Objective
To examine the effect of the 2017 American College 
of Cardiology (ACC)/American Heart Association 
(AHA) hypertension guidelines on the prevalence 
of hypertension and eligibility for initiation 
and intensification of treatment in nationally 
representative populations from the United States  
and China.
DeSiGN
Observational assessment of nationally representative 
data.
SettiNG
US National Health and Nutrition Examination Survey 
(NHANES) for the most recent two cycles (2013-
14, 2015-16) and China Health and Retirement 
Longitudinal Study (CHARLS) (2011-12).
ParticiPaNtS
All 45-75 year old adults who would have a diagnosis 
of hypertension and be candidates for treatment on 
the basis of the ACC/AHA guidelines, compared with 
current guidelines.
MaiN OutcOMe MeaSureS
Diagnosis of hypertension and candidacy for initiation 
and intensification of antihypertensive treatment.
reSultS
Adoption of the 2017 ACC/AHA hypertension 
guidelines in the US would label 70.1 (95% 
confidence interval 64.9 to 75.3) million people in 

the 45-75 year age group as having hypertension, 
representing 63% (60.6% to 65.4%) of the 
population in this age group. Their adoption in China 
would lead to labeling of 266.9 (252.9 to 280.8) 
million people or 55% (53.4% to 56.7%) of the 
same age group as having hypertension. This would 
represent an increase in prevalence of 26.8% (23.2% 
to 30.9%) in the US and 45.1% (41.3% to 48.9%) 
in China. Furthermore, on the basis of treatment 
patterns and current guidelines, 8.1 (6.5 to 9.7) 
million Americans with hypertension are untreated, 
which would be expected to increase to 15.6 (13.6 
to 17.7) million after the implementation of the ACC/
AHA guidelines. In China, on the basis of current 
treatment patterns, 74.5 (64.1 to 84.8) million 
patients with hypertension are untreated, estimated 
to increase to 129.8 (118.7 to 140.9 million. In 
addition, the ACC/AHA guidelines would label 8.7 
(6.0 to 11.5) million adults in the US and 51 (40.3 
to 61.6) million in China as having hypertension 
that would not require antihypertensive treatment, 
compared with 1.5 (1.2 to 2.1) million and 23.4 
(12.1 to 35.1) million with the current guidelines. 
Finally, even among people receiving treatment, the 
proportion that are candidates for intensification 
of treatment is estimated to increase by 13.9 (12.2 
to 15.6) million (from 24.0% to 54.4% of treated 
patients) in the US, and 30 (24.3 to 35.7) million 
(41.4% to 76.2% of treated patients) in China, if the 
ACC/AHA treatment targets are adopted.
cONcluSiONS
If adopted, the 2017 ACC/AHA hypertension 
guidelines will markedly increase the number of 
people labeled as having hypertension and treated 
with drugs in both the US and China, leading to more 
than half of those aged 45-75 years in both countries 
being considered hypertensive.

Introduction
The American College of Cardiology (ACC) and the 
American Heart Association (AHA) recently released 
guideline recommendations for treatment strategies 
for hypertension with lower blood pressure values used 
to define elevated blood pressure, and lower treatment 
thresholds,1 than those recommended in current 
guidelines.2 These new guidelines define hypertension 
as a systolic blood pressure of 130 mm Hg or greater or 
a diastolic blood pressure of 80 mm Hg or greater,1 in 
contrast to a systolic blood pressure of 140 mm Hg or 
greater or a diastolic blood pressure of 90 mm Hg or 
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WhAT IS AlReAdy knoWn on ThIS TopIC
The 2017 American College of Cardiology (ACC)/American Heart Association 
(AHA) guideline recommendations for hypertension decreased the threshold 
blood pressure used to define hypertension
They also lowered the target blood pressures for antihypertensive treatment

WhAT ThIS STudy AddS
Adopting the new 2017 ACC/AHA hypertension guidelines would be associated 
with a substantial increase in the prevalence of hypertension in both the US and 
China
This would be accompanied by a marked increase in the recommendation to start 
and intensify treatment in several million patients
The number of people labeled as having hypertension in the US and China would 
increase by 26.8% and 45.1%, respectively
In the US and China, respectively, 7.5 million and 55.3 million people would 
be newly recommended for treatment, and 13.9 million and 30 million newly 
recommended for intensification
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greater that was used to define hypertension in all 
previous guidelines.

Furthermore, treatment recommendations have 
been extensively revised. The ACC/AHA guidelines 
recommend treatment of only a subset of patients 
with a diagnosis of hypertension. This includes all 
those with a systolic blood pressure of 140 mm Hg 
or greater or a diastolic blood pressure of 90 mm Hg 
or greater. Treatment is recommended for additional 
patients with lower blood pressures. Among people 
with a systolic blood pressure of 130-139 mm Hg or 
a diastolic blood pressure of 80-89 mm Hg, treatment 
is recommended only for those who meet any of 
the following criteria: aged 65 years or older, pre-
existing atherosclerotic cardiovascular disease or 
a 10 year predicated risk of developing it of 10% or 
greater, chronic kidney disease, or diabetes mellitus. 
Furthermore, a target systolic blood pressure below 
130 mm Hg and a target diastolic blood pressure 
below 80 mm Hg is recommended for all patients, 
regardless of their baseline blood pressures. These 
recommendations contrast with currently suggested 
systolic blood pressure targets of less than 140 mm Hg 
and diastolic targets of less than 90 mm Hg for most 
patients, other than targets of less than 150/90 mm Hg 
for those aged 60 years or over without concomitant 
diabetes or chronic kidney disease.2

The recommendations in these new guidelines 
received a mixed response from several clinical 
societies.3 4 They received criticism for labeling people 
at low risk as having hypertension, many of whom 
do not have any clear evidence for benefit from such 
intensive treatment,5-7 while putting patients at risk 
for psychological morbidity from the disease label,8 as 
well as inadvertent drug associated adverse events.9 
Furthermore, the choice of a predicted 10 year risk of 
atherosclerotic cardiovascular disease of 10% or higher 
to define the threshold for treatment and the use of the 
pooled cohort equations to quantify this risk—neither 
of which has been tested in clinical studies—have 
been challenged.3 10 Health policy makers would need 
to better understand the population impact of these 
changes on the identification and treatment of people 
with hypertension before instituting changes to their 
health programs based on these guidelines.11

The population impact of changes in guideline 
recommendations in the US has been evaluated, 
both previously and for the ACC/AHA guidelines.12-15 
However, an understanding of how these 
recommendations translate to non-US populations, 
in which they are often implemented, could also 
provide valuable insight into their overall impact. 
Furthermore, as several major clinical studies rely on 
non-US populations, such international assessments 
of US guidelines are essential to appreciate their effect 
in other countries. China, in particular, has a high 
prevalence of hypertension and the world’s largest 
population.16 Recent studies suggest that, even with 
current guidelines, a large proportion of adults in 
China are classified as hypertensive and few people 
achieve blood pressure targets.16-18 Therefore, it is 

important to understand the impact of the adoption of 
these standards in China.

Using nationally representative data from the United 
States and China, two diverse health systems, we 
examined the changes in prevalence of hypertension 
and eligibility for antihypertensive therapy and 
treatment intensification, on the basis of current 
guidelines and the revised 2017 ACC/AHA guidelines.

Methods
Data sources and study population
We used contemporary data from large, nationally 
representative datasets from the US and China, which 
have been designed to assess the health status of 
people living in the community. For the US, we used 
the National Health and Nutrition Examination Survey 
(NHANES) for the most recent two cycles—2013-14 
and 2015-16; for China, we used the baseline survey 
of the China Health and Retirement Longitudinal Study 
(CHARLS) conducted in 2011-12.19 20 The structure of 
these datasets and their use to identify hypertensive 
adults have been described previously. Briefly, NHANES 
is a nationally representative database comprised 
of cross sectional national surveys with information 
on demographic characteristics, medical history, 
prescription drug use, and laboratory testing on a set 
of individuals.21 The data in NHANES can be weighted 
to obtain nationally representative estimates. CHARLS 
is a longitudinal study of 17 500 people aged over 45 
years from 150 counties/districts and 450 villages in 
China with a detailed baseline clinical evaluation in 
2011-12 when data on demographic characteristics, 
medical history, prescription drug use, and laboratory 
testing were collected.19 20 Similarly to NHANES, the 
data in CHARLS are nationally representative and can 
be weighted to obtain national estimates for China.

In both these datasets, we identified all adults 
aged 45 to 75 years with at least two blood pressure 
measurements and information on prescription drug 
use. This information was available for all participants.

Study variables
From each dataset, we obtained information on all 
blood pressure measurements as well as variables 
necessary to classify patients into risk groups for 
antihypertensive treatment. This included information 
on demographic characteristics (age, sex, and 
ethnicity) and clinical history (known atherosclerotic 
cardiovascular disease, defined as history of myocardial 
infarction, stroke, angina, or reported coronary heart 
disease; smoking; diabetes, defined as a hemoglobin 
A1c >6.5% or self reported history of diabetes; and use 
of antihypertensive treatment), as well as laboratory 
values for serum creatinine, total cholesterol, and high 
density lipoprotein cholesterol.

Statistical analysis
Firstly, we calculated the average systolic and diastolic 
blood pressures based on all available readings for 
each patient. Secondly, we assessed the prevalence of 
hypertension, defined as the number of people who 
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would have a diagnosis of hypertension on the basis 
of current guidelines for both study populations. 
We use the 2014 evidence based guidelines for 
the management of high blood pressure in adults 
developed by the panel members appointed to the 
eighth Joint National Committee (JNC-8). We used JNC-
8 as the current standard for both the US and China 
to allow for a comparative assessment of the impact 
of the new guidelines in both countries. The most 
recent Chinese hypertension guidelines from 2010 
are substantively similar to the recommendations 
from JNC-8,22 23 so the population assessments in this 
study likely capture current clinical practice in China. 
These guidelines defined hypertension as an average 
systolic blood pressure of 140 mm Hg or higher, and/
or a diastolic blood pressure of 90 mm Hg or higher, 
and/or treatment with an antihypertensive agent. We 
then identified people with hypertension on the basis 
of the 2017 ACC/AHA guidelines. This included all 
adults who met a definition based on the previous 
JNC-8 guidelines, but additionally included all adults 
with a systolic blood pressure of 130-139 mm Hg or a 
diastolic blood pressure of 80-89 mm Hg.

Next, we assessed the adults who qualified for 
treatment with one or more antihypertensive agents 
on the basis of the current guidelines and the 2017 
ACC/AHA guidelines but were not receiving treatment 
(“non-treatment”). This included all patients with a 
systolic blood pressure of 140 mm Hg or higher or a 
diastolic blood pressure of 90 mm Hg or higher in both 
guidelines. In addition, in the ACA/AHA guidelines, 
those with a systolic blood pressure of 130-139 mm 
Hg or a diastolic blood pressure of 80-89 mm Hg were 
also candidates for treatment if they were in one or 
more high risk group: age 65 years or above, a history 
of atherosclerotic cardiovascular disease (defined 
as history of myocardial infarction, stroke, angina, 
or reported coronary heart disease), chronic kidney 
disease (based on an estimated glomerular filtration 
rate of <60 mL/kg/h calculated using serum creatinine 
and the Modification of Diet in Renal Disease study 
equation), diabetes (defined as hemoglobin A1c >6.5% 
or self reported history of diabetes), or an expected 
10 year risk of atherosclerotic cardiovascular disease 
of 10% or greater (defined using the pooled cohort 
equations).24 Finally, we assessed the number of 
patients who would be considered “under-treated”, on 
the basis of being above the treatment targets defined 
in the older JNC-8 guidelines and the recent guidelines. 
In JNC-8, treatment thresholds for hypertension were 
set at below 150/90 mm Hg for adults aged 60 years 
or above without diabetes or chronic kidney disease 
and below 140/90 mm Hg for all others. In the ACC/
AHA guidelines, treatment targets were set at 130/80 
mm Hg for all patients. We used survey analyses with 
patient level weights to obtain national estimates for 
both the US and China.

All statistical tests were two sided, and the level of 
significance was set at an α of 0.05. The study was 
reported in accordance with the STrengthening the 
Reporting of OBservational studies in Epidemiology 

(STROBE) recommendations, and the corresponding 
checklist is included in the online supplement.

Patient involvement
No patients were involved in the development of the 
research question or the outcome measures, or in 
developing plans for the design and implementation 
of the study. The data are de-identified and, therefore, 
cannot be shared with the study participants directly.

Results
Prevalence of hypertension: united States
In NHANES, a nationally representative dataset from 
the US, we found 2973 participants, representing 
55.3 (95% confidence interval 51.1 to 59.5) million 
people nationally, or 49.7% (47.5% to 52.0%) of the 
population, who were labeled with the diagnosis of 
hypertension on the basis of the JNC-8 guidelines. An 
additional 685 people, representing 14.8 (12.9 to 16.7) 
million, or 13.3% (11.8% to 14.8%) of the population, 
would be classified as having hypertension with the 
use of blood pressure thresholds suggested in the 2017 
ACC/AHA guidelines. Therefore, 70.1 (64.9 to 75.3) 
million adults aged between 45 and 75 years would 
be classified as having hypertension on the basis of 
the 2017 ACC/AHA guidelines, representing a 26.8% 
(23.2% to 30.9%) relative increase. The proportion of 
the US adult population aged between 45 and 75 years 
classified as hypertensive would increase from 49.7% 
(47.5% to 52.0%) based on the JNC-8 guidelines to 
63.0% (60.6% to 65.4%) based on the 2017 ACC/AHA 
guidelines. The adoption of the new guidelines would 
be associated with a higher prevalence of hypertension 
across subgroups of sex and age (supplementary figure 
A). Compared with people labeled with a diagnosis of 
hypertension according to JNC-8 criteria, those newly 
labeled as hypertensive according to the 2017 ACC/
AHA guidelines were younger (mean age 60 v 56 years) 
and less frequently were of black ethnicity (14.1% 
v 9.9%) or had diabetes (26.7% v 9.6%), chronic 
kidney disease (11.3% v 4.3%), or atherosclerotic 
cardiovascular disease (15.9% v 3.7%) (P<0.01 for 
all). They also had a lower 10 year predicted risk of 
developing atherosclerotic cardiovascular disease 
among those without pre-existing disease (P<0.01) 
(table 1).

Prevalence of hypertension: china
In CHARLS, a nationally representative dataset from 
China, 5133 people in the 45-75 year age group met 
the JNC-8 criteria for hypertension, representing 
184.2 (171.6 to 196.8) million, or 38.0% (36.1% 
to 39.9%) of the population, labeled as having 
hypertension nationally. An additional 2588 people, 
representing 82.7 (76.1 to 89.3) million, or 17.0% 
(15.8% to 18.4%) of the population, nationally would 
be classified as hypertensive according to the 2017 
ACC/AHA criteria. Therefore, 266.9 (252.9 to 280.8) 
million Chinese adults aged between 45 and 75 years 
would be classified as having hypertension on the 
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basis of the ACC/AHA criteria, representing a relative 
increase of 45.1% (41.3% to 48.9%). The proportion 
of the Chinese adult population between 45 and 75 
years of age classified as having hypertension would 
increase from 38.0% (36.1% to 48.9%) based on the 
JNC-8 guidelines to 55.0% (53.4% to 56.7%) based 
on the 2017 ACC/AHA guidelines. Similarly to the 
US, the adoption of the new guidelines would be 
associated with a higher prevalence of hypertension 
across subgroups of sex and age (supplementary 
figure A). Compared with people labeled with a 
diagnosis of hypertension on the basis of JNC-8 
criteria in China, those newly labeled as hypertensive 
on the basis of the 2017 ACC/AHA guidelines were 
more frequently men (46.3% v 55.1%; P<0.01). Also 
similarly to the US, these people less frequently had 
diabetes, chronic kidney disease, and atherosclerotic 
cardiovascular disease and had a lower 10 year risk 
of developing atherosclerotic cardiovascular disease 
(table 2).

eligibility for antihypertensive treatment: united 
States
In the US, of the 55.3 million people with hypertension 
according to JNC-8 criteria, 82.7% (80.1% to 85.1%) 
were receiving one or more antihypertensive drugs, 
whereas 14.6% (12.7% to 16.3%), or 8.1 (6.5 to 9.7) 
million people, were eligible for treatment but not 
receiving it. Furthermore, 1.5 (1.2 to 2.1) million people 
would be classified as hypertensive and would qualify 
for lifestyle modifications alone according to JNC-8. 
Of the 70.1 million classified as having hypertension 
according to the ACC/AHA guidelines, only 65.3% 
(62.6% to 67.9%) were receiving antihypertensive 
treatment, suggesting a recommendation to start 
treatment in 22.3% (20.9% to 23.5%) or 15.6 (13.6 to 
17.7) million people with hypertension (an additional 
7.5 (6.5 to 8.5) million people). Notably, under the 
2017 ACC/AHA guidelines, the remaining 12.4% (8.6% 
to 16.5%) or 8.7 (6.0 to 11.5) million US adults in the 
45-75 year age group would have hypertension but not 

table 1 | characteristics of people with diagnosis of hypertension, candidates for treatment, and candidates recommended treatment intensification in 
uS based on 2014 evidence based guidelines for management of high blood pressure in adults developed by eighth joint National committee (jNc-8) 
and 2017 acc/aHa hypertension guidelines. values are percentages (95% ci) unless stated otherwise

characteristics

Diagnosis of hypertension candidates for treatment
candidates recommended treatment  
intensification

jNc-8
acc/aHa minus 
jNc-8 P value* jNc-8

acc/aHa minus 
jNc-8 P value* jNc-8

acc/aHa minus 
jNc-8 P value*

No of people with 
 hypertension, million

55.3  
(51.1 to 59.5)

14.8  
(12.9 to 16.7)

- 8.1  
(6.5 to 9.7)

7.5  
(6.5 to 8.5)

<0.01 11.0  
(9.8 to 12.2)

13.9  
(12.2 to 15.6)

-

Demographics
Mean (95% CI) age, years 60  

(46 to 74)
56  
(45 to 73)

<0.01 57  
(45 to 73)

62  
(47 to 75)

<0.01 60  
(45 to 75)

61  
(46 to 74)

0.12

Sex: 0.92 0.58 0.76
 Men 48.6  

(46.0 to 51.3)
49  
(43.3 to 54.7)

56.8  
(49.9 to 63.5)

59.8  
(52.7 to 66.6)

49.3  
(43.3 to 55.2)

47.8  
(41.3 to 54.3)

 Women 51.3  
(48.7 to 54.0)

51  
(45.3 to 56.7)

43.2  
(36.4 to 50.1)

40.2  
(33.4 to 47.3)

50.7  
(44.8 to 56.7)

52.2  
(45.7 to 58.7)

Ethnicity: <0.01 0.68 <0.01
 Black 14.1  

(10.7 to 18.2)
9.9  
(7.4 to 12.9)

11.2  
(6.9 to 17.1)

10.3  
(7.5 to 13.7)

20.5  
(15.5 to 26.3)

13.4  
(9.8 to 17.9)

 Non-black 85.9  
(81.8 to 89.3)

90.1  
(87.1 to 92.6)

88.8  
(82.9 to 93.1)

89.7  
(86.3 to 92.5)

79.5  
(73.7 to 84.5)

86.6  
(82.1 to 90.2)

comorbidities
Diabetes 26.7  

(24.2 to 29.2)
9.6  
(6.5 to 13.6)

<0.01 16.2  
(12.9 to 20)

18.7  
(13.1 to 25.5)

0.39 35.5  
(29.7 to 41.7)

24.4  
(20.1 to 29.1)

<0.01

Smoking 67.1  
(63.1 to 70.9)

70  
(64.8 to 74.9)

0.35 67.2  
(57.6 to 75.9)

70.5  
(63 to 77.2)

0.47 72.3  
(67.1 to 77.1)

67.7  
(61.3 to 73.8)

0.15

Chronic kidney disease 11.3  
(10.0 to 12.8)

4.3  
(2.8 to 6.5)

<0.01 6.2  
(3.5 to 10.2)

8.5  
(5.3 to 12.7)

0.35 14.5  
(11.1 to 18.5)

7.3  
(5.4 to 9.6)

<0.01

ASCVD (MI, CHD, angina, 
stroke)

15.9  
(14.4 to 17.6)

3.7  
(2.2 to 5.8)

<0.01 6.2  
(3.9 to 9.2)

8.6  
(5.6 to 12.4)

0.09 14.6  
(10.5 to 19.5)

15.9  
(12.9 to 19.2)

0.61

Mean (95% CI) 10 year 
ASCVD risk, %

16.5  
(2.7 to 45.9)

9.4  
(0.9 to 26.4)

<0.01 14.6  
(1.9 to 41.5)

16.1  
(3.0 to 33.8)

<0.01 24.7  
(4.6 to 57.1)

18.2  
(3.9 to 44.2)

<0.01

Mean (95% ci) laboratory values
Glomerular filtration rate, 
mL/min/1.73 m2

83.0  
(38.6 to 114.4)

89.0  
(56.7 to 114.4)

<0.01 88.9  
(51.7 to 116.2)

82.9  
(50.3 to 111.8)

<0.01 83.1  
(34.1 to 115.5)

83.5  
(50.0 to 112.9)

0.81

Total cholesterol, mg/dL 195  
(121 to 291)

208  
(137 to 289)

<0.01 209  
(137 to 291)

210  
(125 to 300)

0.86 200  
(125 to 301)

194  
(168 to 289)

0.03

HDL cholesterol, mg/dL 54  
(28 to 99)

56  
(28 to 95)

0.05 53.7  
(28 to 100)

55.7  
(27.8 to 97.9)

0.38 55.5  
(26 to 98)

53  
(29 to 88)

0.26

Treatment with 
 antihypertensive agents, %

82.7  
(80.1 to 85.1)

0 <0.01 0 0 - 100 100 -

ACC=American College of Cardiology; AHA=American Heart Association; ASCVD=atherosclerotic cardiovascular disease; CHD=congestive heart disease; HDL=high density lipoprotein; 
MI=myocardial infarction.
Columns represent people meeting these criteria according to JNC-8, compared with those newly meeting these criteria under ACC/AHA guidelines (ACC/AHA minus JNC-8).
*P value for comparison of characteristics in “JNC-8” column and those in “ACC/AHA minus JNC-8” column.
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be candidates for antihypertensive treatment because 
they had a systolic blood pressure of 130-139 mm Hg 
and/or a diastolic blood pressure of 80-89 mm Hg and 
did not have any of the high risk conditions, such as age 
65 years or over, known atherosclerotic cardiovascular 
disease, a 10 year predicted risk of atherosclerotic 
cardiovascular disease of 10% or more, chronic kidney 
disease, or diabetes (table 1). Moreover, of those 
receiving antihypertensive treatment, 24.0% (21.5% 
to 26.6%) were above the treatment targets for JNC-8 
and 54.4% (50.7% to 58.1%) were above the treatment 
targets based on the ACC/AHA criteria. Therefore, an 
additional 13.9 (12.2 to 15.6) million people would 
be candidates for intensification of treatment (table 
1). The rates of non-treatment and under-treatment 
of hypertension among subgroups of age and sex are 
shown in supplementary figures B and C.

eligibility for antihypertensive treatment: china
In China, on the basis of JNC-8 blood pressure targets, 
46.8% (43.4% to 50.3%) of the 184.2 (171.6 to 196.8) 
million people with hypertension were receiving one or 
more antihypertensive drugs. Among the 266.9 (252.9 
to 280.8) million classified as having hypertension 

according to the 2017 ACC/AHA guidelines, 32.3% 
(30.0% to 34.7%) were receiving antihypertensive 
treatment. The use of JNC-8 and 2017 ACC/AHA 
criteria to define people eligible for treatment would 
recommend that treatment be started in 74.5 (64.1 
to 84.8) million and 129.8 (118.7 to 140.9) million 
patients (an additional 55.3 million), respectively. 
Those recommended for treatment on the basis of the 
new guidelines more frequently were women and had a 
history of atherosclerotic cardiovascular disease (table 
2). Furthermore, 23.4 (12.1 to 35.1) million people 
according to JNC-8 and 51.0 (40.3 to 61.60) million 
people according to the ACC/AHA guidelines would be 
classified as having hypertension and would qualify 
for lifestyle modifications alone. This group includes 
people with a systolic blood pressure of 130-139 mm 
Hg and/or a diastolic blood pressure of 80-89 mm Hg, 
without any of the high risk conditions, such as age 65 
years or over, known atherosclerotic cardiovascular 
disease, a 10 year predicted risk of atherosclerotic 
cardiovascular disease of at least 10%, chronic kidney 
disease, or diabetes.

Finally, of those receiving antihypertensive treatment 
in China in from 2011 to 2012, 41.4% (37.7% to 

table 2 | characteristics of people with diagnosis of hypertension, candidates for treatment, and candidates recommended treatment intensification in 
china based on 2014 evidence based guidelines for management of high blood pressure in adults developed by eighth joint National committee (jNc-8) 
and 2017 acc/aHa hypertension guidelines. values are percentages (95% ci) unless stated otherwise

characteristics

Diagnosis of hypertension candidates for treatment
candidates recommended treatment 
 intensification

jNc-8
acc/aHa minus 
jNc-8 P value* jNc-8

acc/aHa minus 
jNc-8 P value* jNc-8

acc/aHa minus 
jNc-8 P value*

No of people with 
 hypertension, million

184.2  
(171.6 to 196.8)

82.7  
(76.1 to 89.3)

- 74.5  
(64.1 to 84.8)

55.3  
(50.9 to 59.6)

<0.01 35.7  
(32.7 to 38.8)

30.0  
(24.3 to 35.7)

-

Demographics
Mean (95% CI) age, years 59  

(46 to 74)
57  
(46 to 74)

<0.01 57  
(45 to 74)

65  
(48 to 75)

<0.01 59  
(46 to 74)

61.5  
(46 to 75)

0.06

Sex: <0.01 <0.01 0.32
 Men 46.3  

(43.1 to 49.6)
55.1  
(51.8 to 58.3)

46.4  
(39.6 to 53.3)

57.8  
(54.2 to 61.3)

47.1  
(42.9 to 51.4)

41.9  
(32.5 to 51.8)

 Women 53.7  
(50.4 to 56.9)

44.9  
(41.7 to 48.2)

53.6  
(46.7 to 60.4)

42.2  
(38.7 to 45.8)

52.9  
(48.6 to 57.1)

58.1  
(48.2 to 67.5)

comorbidities
Diabetes 17.4  

(14.4 to 20.7)
11.2  
(7.9 to 15.2)

0.01 15  
(8.9 to 23.1)

16.7  
(12 to 22.3)

0.68 28.2  
(24 to 32.8)

12.3  
(9.4 to 15.7)

<0.01

Smoking 27.6  
(24.9 to 30.5)

33.3  
(29.8 to 36.9)

0.01 31.6  
(25.8 to 37.8)

37  
(33.4 to 40.7)

0.12 26.4  
(22.4 to 30.6)

18.4  
(14.2 to 23.1)

0.01

Chronic kidney disease 4.6  
(3.7 to 5.6)

1.8  
(0.9 to 3.2)

<0.01 3.8  
(2.7 to 5.2)

2.8  
(1.4 to 4.9)

0.34 8.2  
(6 to 10.8)

3.7  
(1.7 to 7)

0.02

ASCVD (MI, CHD, angina, 
stroke)

19.4  
(17.4 to 21.5)

9  
(7.5 to 10.7)

<0.01 9.4  
(7.1 to 12.1)

18.3  
(15.6 to 21.3)

<0.01 29  
(25.3 to 33)

27.7  
(21.6 to 34.6)

0.73

Mean (95% CI) 10 year 
ASCVD risk, %

14.4  
(1.3 to 43.7)

8.5  
(0.7 to 25.5)

<0.01 12.6  
(1.2 to 42.1)

14.9  
(2.2 to 30.0)

<0.01 19.1  
(1.8 to 51.8)

13.6  
(1.1 to 36.9)

<0.01

Mean (95% ci) laboratory values
Glomerular filtration rate, 
mL/min/1.73 m2

89.5  
(51.3 to 112.2)

93.6  
(61.9 to 116.2)

<0.01 91.8  
(54.3 to 
112.9)

87.5  
(59.3 to 110.9)

<0.01 87.7  
(49.2 to 111)

88.9  
(52.8 to 114)

0.27

Total cholesterol, mg/dL 197  
(131 to 281)

193  
(129 to 282)

0.03 196  
(133 to 278)

197  
(128 to 288)

0.87 198  
(134 to 281)

198  
(126 to 300)

0.91

HDL cholesterol, mg/dL 48  
(24 to 83)

50  
(27 to 86)

<0.01 48.5(23 to 85) 49.3  
(25 to 86)

0.44 46.5  
(23.7 to 80.8)

45.9  
(25.5 to 73.1)

0.56

Treatment with 
 antihypertensive agents, %

46.8  
(43.4 to 50.3)

0 <0.01 0 0 to 100 100 -

ACC=American College of Cardiology; AHA=American Heart Association; ASCVD=atherosclerotic cardiovascular disease; CHD=congestive heart disease; HDL=high density lipoprotein; 
MI=myocardial infarction.
Columns represent people meeting these criteria according to JNC-8, compared with those newly meeting these criteria under ACC/AHA guidelines (ACC/AHA minus JNC-8).
*P value for comparison of characteristics in the “JNC-8” column and those in the “ACC/AHA minus JNC-8” column.
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45.1%) were above the treatment targets for JNC-8 and 
76.2% (73.3% to 79.0%) were above the treatment 
targets based on the ACC/AHA criteria. Therefore, an 
additional 30 (24.3 to 35.7) million people would be 
candidates for intensification of treatment, on the 
basis of the change in the guidelines. Table 2 shows 
the characteristics of people who were candidates for 
treatment intensification according to both guidelines. 
The rates of non-treatment and under-treatment of 
hypertension among subgroups of age and sex are 
shown in supplementary figures B and C.

discussion
The adoption of the 2017 ACC/AHA guidelines for 
hypertension would dramatically increase the number 
of people with hypertension and those recommended 
for treatment. In the US, the new guidelines would 
classify 70.1 million people in the 45-75 year age 
group as having hypertension, representing 63% of 
the population in this age group. The adoption of these 
guidelines in China would lead to the classification 
of 267 million (55%) people in the same group as 
having hypertension. This would represent a relative 
increase of 26.8% in the US and 45.1% in China from 
the prevalence based on current recommendations. 
Furthermore, based on the observed treatment 
patterns and current guidelines, 8.1 million Americans 
with hypertension are untreated. However, this 
number is expected to increase to 15.6 million after 
the implementation of the 2017 ACC/AHA guidelines. 
In China, based on current treatment patterns, 74.5 
million patients with hypertension are untreated, 
likely to increase to 129.8 million if the 2017 ACC/AHA 
guidelines are adopted. Finally, even among those 
treated with antihypertensive drugs, the proportion 
of undertreated patients—that is, those above target 
blood pressures despite receiving antihypertensive 
treatment—is likely to increase by 13.9 million (from 
24.0% to 54.4% of the treated patients) in the US 
and 30 million (from 41.4% to 76.2% of patients on 
treatment) in China if the 2017 ACC/AHA treatment 
targets are adopted into clinical practice.

The lowering of the treatment target for high risk 
subgroups in the 2017 ACC/AHA guideline is guided 
by evidence for a reduced rate of major adverse 
cardiovascular events.25-27 However, even with the more 
conservative guidelines, the appropriate management 
of patients with antihypertensive treatment has posed 
major implementation challenges, with high rates of 
non-treatment and under-treatment in both the US and 
China.16 21 28 The ACC/AHA guidelines would require 
expansion of the public health infrastructure necessary 
to manage the substantial increase in the public 
health burden of hypertension in the US and China. 
Health policy interventions focused on appropriately 
treating people in whom it is recommended would 
need to identify 7.5 million additional untreated 
Americans in the 45-75 year age group, beyond the 
8.1 million who are not receiving treatment based on 
current recommendations. However, a similar effort 
in China would require identification of an additional 

55.3 million untreated patients with hypertension, 
beyond the 74.5 million currently with an unmet 
need for antihypertensive treatment. The rates of 
non-treatment, in combination with rates of under-
treatment, suggest that health system interventions 
would need to provide treatment in nearly all patients 
with hypertension.

Health policy implications
The public health impact of these guidelines should 
be interpreted in light of the expected effects on 
outcomes. The guidelines would label 8.7 million 
adults in the US and 51 million adults in China, who 
are currently recommended only lifestyle modification, 
as having hypertension. Therefore, millions are at risk 
of psychological morbidity due to the label of a chronic 
disease,8 as well as for adverse events due to potential 
inappropriate use of drug therapy.9 Moreover, the 
expansion of treatment to people at lower risk may 
dilute the focus of health programs on identification 
and treatment of high risk groups, which are likely to 
derive the most benefit. This is particularly relevant 
as the number needed to prevent one major event for 
patients at age 40 is 13-fold higher than among those 
aged 70 (number needed to treat each year to prevent 
one event 333 v 26 for coronary heart disease and 
250 v 18 for stroke).29-31 Moreover, in people with 
low cardiovascular risk and mild hypertension, the 
risk:benefit ratio for treatment may be unfavorable.6 

7 These factors are vital for public health programs 
challenged by resources to identify and treat all people 
at high risk, who are likely to derive the most benefit 
from treatment. Expanding the pool of patients who 
merit treatment to include those at low risk could 
potentially render public health programs less efficient 
and viable.9

relation to published evidence
The recommendations are not firmly rooted in 
evidence. The improvement in outcomes among 
adults without diabetes who were at high risk for 
cardiovascular disease, which was observed in SPRINT 
and prompted the changes in recommendations in the 
ACC/AHA guidelines,27 has not been observed among 
people at low to intermediate risk or among those 
with diabetes.5 6 27 32 33 In addition, risk stratification 
based on the pooled cohort equations for treatment 
decisions in hypertension, and a 10 year threshold of 
10%, were not assessed in SPRINT, which used a 10 
year risk threshold of 15% using the Framingham risk 
score to define high risk. The use of these equations 
and risk thresholds translate to treatment eligibility 
for a vast majority of adults in their 70s who have a 
blood pressure over 130/80 mm Hg,3 without any 
consideration for lack of evidence among patients in 
this age group who were not included in SPRINT or 
those who experienced excess harm. Furthermore, the 
choice of the pooled cohort equations to quantify risk is 
fraught with potential limitations arising from possible 
overestimation of the predicted risk of cardiovascular 
disease in both the US and China.34-44 Patients’ 
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preference as well as the downsides of antihypertensive 
treatment, particularly adverse events, may therefore 
be underemphasized.10

The health policy implications of guideline 
recommendations for the diagnosis and management 
of hypertension have been frequently assessed using 
nationally representative data in the US. These 
include studies focusing on the impact of the JNC-
7 guidelines,45-49 JNC-8,14 50 and the 2017 ACC/
AHA guidelines.12 However, these analyses do not 
assess the international impact of such guideline 
recommendations, which is critical given their wide 
adoption. One such analysis from the US assessed the 
population impact of the 2017 ACC/AHA guidelines 
using NHANES data for the years 2011-14 and 
primarily compared them with the JNC-7 guidelines 
as the current standard.12 In our study, we used more 
contemporary US data (NHANES 2013-16). To allow 
for a direct comparison of the population impact of 
these guidelines in the US and China, we restricted 
this study to the assessment of adults aged 45 to 75 
years, the age group captured in data from China. In 
addition, to ensure comparability of estimates, we 
defined the study populations for both the US and 
China in a similar manner. Finally, in contrast to 
the other study from NHANES,12 we used the JNC-8 
guidelines as the current standard. This is because 
although the JNC-8 guidelines represented a period 
of transition from the administrative process used in 
previous guideline iterations and were not released 
by the National Institutes of Health directly, they have 
been published and are widely cited.2 Furthermore, 
whereas modest differences exist in national 
estimates between the two studies, these differences 
are due to our focus on adults in the 45-75 year age 
group compared with estimates that represent all US 
adults (>18 years of age) in the other study.12 Finally, 
since the publication of the preprint of this study,51 
the impact of the prevalence of hypertension based 
on these guidelines has been assessed in several 
countries.52-58 However, ours is the first assessment 
of nationally representative data from China and is 
the only head-to-head assessment of the impact of 
these guidelines in comparable data from two vastly 
different health systems.

limitations of study
The study has some limitations. Firstly, the data are 
based on cross sectional surveys, with a potential for 
sampling error. However, as our estimates are based on 
a large subset of sampled participants in both NHANES 
and CHARLS, and are associated with a relative 
standard error of less than 10% for all estimates, the 
observations are likely to be reliable. Secondly, the 
assessment of national estimates was limited to adults 
aged 45-75 years, corresponding to the age group of 
people surveyed for the CHARLS study. Therefore, 
additional people aged under 45 and over 75 years of 
age in both the US and China may have hypertension 
and be candidates for antihypertensive treatment. 
Thirdly, administrative differences exist between 

NHANES and CHARLS; whereas NHANES data are 
collected by an agency of the US federal government, 
CHARLS is designed and conducted by the National 
School of Development at Peking University in China. 
However, the datasets have a similar structure and 
are designed to collect nationally representative 
data. Fourthly, certain variables in NHANES and 
CHARLS are based on self reporting and are subject 
to recall bias. However, wherever appropriate we used 
objective data to define conditions (for example, serum 
creatinine to assess chronic kidney disease status) or 
complement the diagnoses derived from self reporting 
(for example, the use of hemoglobin A1c data to assess 
diabetes status). Furthermore, data in NHANES and 
CHARLS are collected by trained and experienced 
interviewers with the goal of reducing the effect 
of such biases. Fifthly, a history of atherosclerotic 
cardiovascular disease in CHARLS includes people 
who may have congestive heart failure or other heart 
disease in addition to previous myocardial infarction, 
stroke, coronary heart disease, and angina. Hence, 
the rates of atherosclerotic cardiovascular disease are 
higher than in the US. This did not affect classification 
of participants as having hypertension, which was 
solely based on a blood pressure above 130/80 mm 
Hg. A total of 3.7 million patients (that is, 1.3% of 
overall patients) became eligible for treatment owing 
to atherosclerotic cardiovascular disease status in 
CHARLS. However, the vast majority of these patients 
likely had true atherosclerotic cardiovascular disease, 
and the proportion of those with solely “congestive 
heart failure” or “other heart disease” is likely to be 
small.

Sixthly, we compared the recent guidelines against 
definitions of and target for blood pressure suggested 
by the members of the expert panel of the 8th Joint 
National Commission, but physicians may follow 
different guidelines. However, hypertension has been 
defined consistently across all previous guidelines as a 
blood pressure of 140/90 mm Hg or higher. Moreover, 
treatment targets in guidelines such as the JNC-7 
were more stringent,59 thereby suggesting an even 
higher rate of non-treatment and under-treatment of 
hypertension in patients. Seventhly, whereas we used 
the most contemporary data from the US and China, 
those from China were collected in the years 2010-
11, compared with the US data from 2013 to 2016. 
Therefore, although underestimation of the current 
use of antihypertensive treatment in China is possible, 
other contemporary investigations from China would 
argue against any major recent improvements in 
either the use or the adequacy of antihypertensive 
treatment.16 17 Finally, we do not know whether China 
will adopt these guidelines. Our study, however, 
focuses only on the potential impact of the uptake of 
these guidelines in China.

conclusions
The adoption of the new 2017 ACC/AHA guidelines 
would be associated with a marked increase in the 
prevalence of hypertension in the US and China. More 
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than 7 million more US adults would require treatment, 
but adoption in China would increase the number of 
patients eligible for treatment by more than 55 million. 
The change occurs at a time when both countries have 
substantial numbers of people who are not aware 
of having hypertension and who have hypertension 
that is not controlled even according to the previous 
standards.

autHOr aFFiliatiONS
1Division of Cardiology, University of Texas Southwestern Medical 
Center, Dallas, TX 75219, USA
2Center for Outcomes Research and Evaluation, Yale-New Haven 
Hospital, New Haven, CT 06510, USA
3National Clinical Research Center for Cardiovascular Diseases, 
Fuwai Hospital, National Center for Cardiovascular Diseases, 
Chinese Academy of Medical Sciences and Peking Union Medical 
College, Beijing 102308, China
4Center for Healthcare Advancement and Outcomes, Baptist Health 
South Florida, Miami Beach, FL 33139, USA
5Section of Cardiovascular Medicine, Department of Internal 
Medicine, Yale School of Medicine, New Haven, CT 06510, USA
6State Key Laboratory of Cardiovascular Disease, National Clinical 
Research Center for Cardiovascular Diseases, Fuwai Hospital, 
National Center for Cardiovascular Diseases, Chinese Academy 
of Medical Sciences and Peking Union Medical College, Beijing 
102308, China
7Department of Health Policy and Management, Yale School of 
Public Health, New Haven, CT 06510, USA

Contributors: RK and YL contributed equally to the study. All authors 
were responsible for the study concept and design. RK, YL, and AS 
were responsible for the acquisition and analysis of data. All authors 
contributed to the interpretation of the data. RK and YL drafted the 
manuscript. All authors critically revised the manuscript for important 
intellectual content and approved the final version. The corresponding 
author attests that all listed authors meet authorship criteria and 
that no others meeting the criteria have been omitted. HMK is the 
guarantor.
Funding: This research received no specific grant from any funding 
agency in the public, commercial, or not for profit sectors.
Competing interests: All authors have completed the ICMJE uniform 
disclosure form at www.icmje.org/coi_disclosure.pdf (available on 
request from the corresponding author) and declare: RK is supported 
by the National Heart, Lung, and Blood Institute (5T32HL125247-02) 
and the National Center for Advancing Translational Sciences 
(UL1TR001105) of the National Institutes of Health; HMK is a 
recipient of research agreements from Medtronic and from Johnson 
and Johnson (Janssen), through Yale University, to develop methods 
of clinical trial data sharing, is the recipient of a grant from the Food 
and Drug Administration and Medtronic to develop methods for 
post-market surveillance of medical devices, works under contract 
with the Centers for Medicare & Medicaid Services to develop and 
maintain performance measures, chairs a cardiac scientific advisory 
board for UnitedHealth, is a participant/participant representative of 
the IBM Watson Health Life Sciences Board, is on the Advisory Board 
for Element Science, is on the Physician Advisory Board for Aetna, and 
is the founder of Hugo, a personal health information platform; no 
other relationships or activities that could appear to have influenced 
the submitted work.
Ethical approval: The study was exempt from the purview of Yale’s 
Institutional Review Board as it uses de-identified data.
Data sharing: The technical appendix, statistical code, and dataset 
are available from the corresponding author.
Transparency: The lead author affirms that this manuscript is 
an honest, accurate, and transparent account of the study being 
reported; that no important aspects of the study have been omitted; 
and that any discrepancies from the study as planned (and, if relevant, 
registered) have been explained.
This is an Open Access article distributed in accordance with the 
terms of the Creative Commons Attribution (CC BY 4.0) license, which 
permits others to distribute, remix, adapt and build upon this work, 
for commercial use, provided the original work is properly cited. See: 
http://creativecommons.org/licenses/by/4.0/.

1  Whelton  PK, Carey  RM, Aronow  WS, et al. 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the 
Prevention, Detection, Evaluation, and Management of High Blood 
Pressure in Adults: A Report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice 
Guidelines. J Am Coll Cardiol 2018;71:e127-248. doi:10.1016/j.
jacc.2017.11.006 

2  James  PA, Oparil  S, Carter  BL, et al. 2014 evidence-based 
guideline for the management of high blood pressure in adults: 
report from the panel members appointed to the Eighth Joint 
National Committee (JNC 8). JAMA 2014;311:507-20. doi:10.1001/
jama.2013.284427 

3  Wilt  TJ, Kansagara  D, Qaseem  A, Clinical Guidelines Committee of 
the American College of Physicians. Hypertension limbo: balancing 
benefits, harms, and patient preferences before we lower the bar on 
blood pressure. Ann Intern Med 2018;168:369-70. doi:10.7326/
M17-3293 

4  Crawford C. AAFP decides to not endorse AHA/ACC 
hypertension guideline: academy continues to endorse JNC8 
guideline. 2017. https://www.aafp.org/news/health-of-the-
public/20171212notendorseaha-accgdlne.html.

5  Lonn  EM, Bosch  J, López-Jaramillo  P, et al, HOPE-3 Investigators. 
Blood-pressure lowering in intermediate-risk persons without 
cardiovascular disease. N Engl J Med 2016;374:2009-20. 
doi:10.1056/NEJMoa1600175 

6  Musini  VM, Gueyffier  F, Puil  L, Salzwedel  DM, Wright  JM. 
Pharmacotherapy for hypertension in adults aged 18 to 59 years. 
Cochrane Database Syst Rev 2017;8:CD008276.

7  Diao  D, Wright  JM, Cundiff  DK, Gueyffier  F. Pharmacotherapy 
for mild hypertension. Cochrane Database Syst 
Rev 2012;8:CD006742.

8  Mechanic  D. Illness behaviour: an overview. Springer, 1986: 101-
910.1007/978-1-4684-5257-0_6.

9  Wallis  EJ, Ramsay  LE, Jackson  PR. Cardiovascular and coronary risk 
estimation in hypertension management. Heart 2002;88:306-12. 
doi:10.1136/heart.88.3.306 

10  Bakris  G, Sorrentino  M. Redefining hypertension - assessing the 
new blood-pressure guidelines. N Engl J Med 2018;378:497-9. 
doi:10.1056/NEJMp1716193 

11  Krumholz  HM. Blood pressure guidelines as starting point in clinical 
decisions. BMJ 2018;360:j5862. doi:10.1136/bmj.j5862 

12  Muntner  P, Carey  RM, Gidding  S, et al. Potential US Population 
Impact of the 2017 ACC/AHA High Blood Pressure Guideline. 
Circulation 2017;71:109-18.

13  Wang  Y, Wang  QJ. The prevalence of prehypertension and 
hypertension among US adults according to the new joint national 
committee guidelines: new challenges of the old problem. Arch Intern 
Med 2004;164:2126-34. doi:10.1001/archinte.164.19.2126 

14  Navar-Boggan  AM, Pencina  MJ, Williams  K, Sniderman  AD, Peterson  
ED. Proportion of US adults potentially affected by the 2014 
hypertension guideline. JAMA 2014;311:1424-9. doi:10.1001/
jama.2014.2531 

15  Murthy  VL, Shah  RV, Rubenfire  M, Brook  RD. Comparison of the 
Treatment Implications of American Society of Hypertension and 
International Society of Hypertension 2013 and Eighth Joint National 
Committee Guidelines: an analysis of National Health and Nutrition 
Examination Survey. Hypertension 2014;64:275-80. doi:10.1161/
HYPERTENSIONAHA.114.03703 

16  Lu  J, Lu  Y, Wang  X, et al. Prevalence, awareness, treatment, and 
control of hypertension in China: data from 1·7 million adults in a 
population-based screening study (China PEACE Million Persons 
Project). Lancet 2017;390:2549-58. doi:10.1016/S0140-
6736(17)32478-9 

17  Su  M, Zhang  Q, Bai  X, et al. Availability, cost, and prescription 
patterns of antihypertensive medications in primary health care in 
China: a nationwide cross-sectional survey. Lancet 2017;390:2559-
68. doi:10.1016/S0140-6736(17)32476-5 

18  Lu  Y, Wang  P, Zhou  T, et al. Comparison of prevalence, awareness, 
treatment, and control of cardiovascular risk factors in China and the 
United States. J Am Heart Assoc 2018;7:e007462. doi:10.1161/
JAHA.117.007462 

19  National Institute on Aging, National Natural Science Foundation of 
China, World Bank. China Health and Retirement Longitudinal Study. 
http://charls.pku.edu.cn/en.

20  Zhao  Y, Hu  Y, Smith  JP, Strauss  J, Yang  G. Cohort profile: the 
China Health and Retirement Longitudinal Study (CHARLS). Int J 
Epidemiol 2014;43:61-8. doi:10.1093/ije/dys203 

21  Egan  BM, Zhao  Y, Axon  RN. US trends in prevalence, 
awareness, treatment, and control of hypertension, 1988-2008. 
JAMA 2010;303:2043-50. doi:10.1001/jama.2010.650 

22  Wang  JG. Chinese Hypertension Guidelines. Pulse 
(Basel) 2015;3:14-20. doi:10.1159/000382025 

23  Writing group of 2010 Chinese Guidelines for the management 
of hypertension. 2010 Chinese guidelines for the management of 
hypertension. Chin J Hypertens 2011;19:701-43.

http://www.icmje.org/coi_disclosure.pdf
http://creativecommons.org/licenses/by/4.0/
https://www.aafp.org/news/health-of-the-public/20171212notendorseaha-accgdlne.html
https://www.aafp.org/news/health-of-the-public/20171212notendorseaha-accgdlne.html
http://charls.pku.edu.cn/en


RESEARCH

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

24  Goff  DC Jr, Lloyd-Jones  DM, Bennett  G, et al, American College 
of Cardiology/American Heart Association Task Force on Practice 
Guidelines. 2013 ACC/AHA guideline on the assessment of 
cardiovascular risk: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. 
Circulation 2014;129(Suppl 2):S49-73. doi:10.1161/01.
cir.0000437741.48606.98 

25  Bangalore  S, Toklu  B, Gianos  E, et al. Optimal systolic blood 
pressure target after SPRINT: insights from a network meta-analysis of 
randomized trials. Am J Med 2017;130:707-719.e8. doi:10.1016/j.
amjmed.2017.01.004 

26  Bundy  JD, Li  C, Stuchlik  P, et al. Systolic blood pressure reduction 
and risk of cardiovascular disease and mortality: a systematic 
review and network meta-analysis. JAMA Cardiol 2017;2:775-81. 
doi:10.1001/jamacardio.2017.1421 

27  Wright  JTJr, Williamson  JD, Whelton  PK, et al, SPRINT Research 
Group. A randomized trial of intensive versus standard blood-
pressure control. N Engl J Med 2015;373:2103-16. doi:10.1056/
NEJMoa1511939 

28  Hyman  DJ, Pavlik  VN. Characteristics of patients with uncontrolled 
hypertension in the United States. N Engl J Med 2001;345:479-86. 
doi:10.1056/NEJMoa010273 

29  Kassaï  B, Boissel  JP, Cucherat  M, Boutitie  F, Gueyffier  F. 
Treatment of high blood pressure and gain in event-free life 
expectancy. Vasc Health Risk Manag 2005;1:163-9. doi:10.2147/
vhrm.1.2.163.64086 

30  Reboussin  DM, Allen  NB, Griswold  ME, et al. Systematic Review 
for the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/
NMA/PCNA Guideline for the Prevention, Detection, Evaluation, 
and Management of High Blood Pressure in Adults: A Report of the 
American College of Cardiology/American Heart Association Task 
Force on Clinical Practice Guidelines. Hypertension 2018;71:e116-
35. doi:10.1161/HYP.0000000000000067 

31  Whelton  PK, Carey  RM, Aronow  WS, et al. 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the 
Prevention, Detection, Evaluation, and Management of High Blood 
Pressure in Adults: Executive Summary: A Report of the American 
College of Cardiology/American Heart Association Task Force on 
Clinical Practice Guidelines. Hypertension 2018;71:1269-324. 
doi:10.1161/HYP.0000000000000066 

32  Cushman  WC, Evans  GW, Byington  RP, et al, ACCORD Study 
Group. Effects of intensive blood-pressure control in type 2 
diabetes mellitus. N Engl J Med 2010;362:1575-85. doi:10.1056/
NEJMoa1001286 

33  Patel  A, MacMahon  S, Chalmers  J, et al, ADVANCE Collaborative 
Group. Effects of a fixed combination of perindopril and indapamide 
on macrovascular and microvascular outcomes in patients with 
type 2 diabetes mellitus (the ADVANCE trial): a randomised 
controlled trial. Lancet 2007;370:829-40. doi:10.1016/S0140-
6736(07)61303-8 

34  Ridker  PM, Cook  NR. The pooled cohort equations 3 years on: 
building a stronger foundation. Circulation 2016;134:1789-91. 
doi:10.1161/CIRCULATIONAHA.116.024246 

35  Ridker  PM, Cook  NR. Comparing cardiovascular risk 
prediction scores. Ann Intern Med 2015;162:313-4. doi:10.7326/
M14-2820 

36  Loprinzi  PD, Addoh  O. Predictive validity of the American College of 
Cardiology/American Heart Association pooled cohort equations in 
predicting all-cause and cardiovascular disease-specific mortality in a 
national prospective cohort study of adults in the United States. Mayo 
Clin Proc 2016;91:763-9. doi:10.1016/j.mayocp.2016.03.019 

37  Emdin  CA, Khera  AV, Natarajan  P, et al. Evaluation of the 
pooled cohort equations for prediction of cardiovascular risk in a 
contemporary prospective cohort. Am J Cardiol 2017;119:881-5. 
doi:10.1016/j.amjcard.2016.11.042 

38  Zhang  Z, Gillespie  C, Bowman  B, Yang  Q. Prediction of 
atherosclerotic cardiovascular disease mortality in a nationally 
representative cohort using a set of risk factors from pooled cohort 
risk equations. PLoS One 2017;12:e0175822. doi:10.1371/journal.
pone.0175822 

39  Kavousi  M, Leening  MJG, Nanchen  D, et al. Comparison of 
application of the ACC/AHA guidelines, Adult Treatment Panel 
III guidelines, and European Society of Cardiology guidelines 
for cardiovascular disease prevention in a European cohort. 
JAMA 2014;311:1416-23. doi:10.1001/jama.2014.2632 

40  Shum  K, Zheng  P, Dinh  T, et al. Recommended use of the 
pooled cohort equations over-estimates cardiovascular risk 
in hispanics: evidence from the antihypertensive and lipid-
lowering treatment to prevent heart attack trial (ALLHAT) 
and the multi-ethnic study of atherosclerosis (MESA). 
Circulation 2014;130(Suppl 2):A19716.

41  Lee  CH, Woo  YC, Lam  JKY, et al. Validation of the Pooled Cohort 
equations in a long-term cohort study of Hong Kong Chinese. J Clin 
Lipidol 2015;9:640-6.e2. doi:10.1016/j.jacl.2015.06.005 

42  Vilaiwatanakorn  K, Vathesatogkit  P, Yingchoncharoen  T, et 
al. Accuracy of 10 year-risk calculation for first atherosclerotic 
cardiovascular event from new pooled cohort equations and WHO 
risk calculation in EGAT population. Eur Heart J 2015;36:805.

43  DeFilippis  AP, Young  R, McEvoy  JW, et al. Risk score overestimation: 
the impact of individual cardiovascular risk factors and preventive 
therapies on the performance of the American Heart Association-
American College of Cardiology-Atherosclerotic Cardiovascular 
Disease risk score in a modern multi-ethnic cohort. Eur Heart 
J 2017;38:598-608.

44  Rana  JS, Tabada  GH, Solomon  MD, et al. Accuracy of the 
atherosclerotic cardiovascular risk equation in a large contemporary, 
multiethnic population. J Am Coll Cardiol 2016;67:2118-30. 
doi:10.1016/j.jacc.2016.02.055 

45  Wong  ND, Lopez  V, Tang  S, Williams  GR. Prevalence, treatment, 
and control of combined hypertension and hypercholesterolemia 
in the United States. Am J Cardiol 2006;98:204-8. doi:10.1016/j.
amjcard.2006.01.079 

46  Gu  Q, Burt  VL, Dillon  CF, Yoon  S. Trends in antihypertensive 
medication use and blood pressure control among United States 
adults with hypertension: the National Health And Nutrition 
Examination Survey, 2001 to 2010. Circulation 2012;126:2105-14. 
doi:10.1161/CIRCULATIONAHA.112.096156 

47  Gu  Q, Paulose-Ram  R, Dillon  C, Burt  V. Antihypertensive medication 
use among US adults with hypertension. Circulation 2006;113:213-
21. doi:10.1161/CIRCULATIONAHA.105.542290 

48  Jackson  JH, Sobolski  J, Krienke  R, Wong  KS, Frech-Tamas  F, 
Nightengale  B. Blood pressure control and pharmacotherapy 
patterns in the United States before and after the release of the Joint 
National Committee on the Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure (JNC 7) guidelines. J Am Board Fam 
Med 2008;21:512-21. doi:10.3122/jabfm.2008.06.080025 

49  Keenan  NL, Rosendorf  KA, Centers for Disease Control 
and Prevention (CDC). Prevalence of hypertension and 
controlled hypertension - United States, 2005-2008. MMWR 
Suppl 2011;60(1):94-7.

50  Sakhuja  A, Textor  SC, Taler  SJ. Uncontrolled hypertension by the 
2014 evidence-based guideline: results from NHANES 2011-2012. 
J Hypertens 2015;33:644-51, discussion 652. doi:10.1097/
HJH.0000000000000442 

51  Khera  R, Lu  Y, Saxena  A, et al. The impact of 2017 ACC/AHA 
guidelines on the prevalence of hypertension and eligibility for anti-
hypertensive therapy in the United States and China. bioRxiv 2017. 
doi:10.1101/218859.

52  Mancia  G, Corrao  G. Global Impact of the 2017 American College of 
Cardiology/American Heart Association Hypertension Guidelines: A 
Perspective From Italy. Circulation 2018;137:889-90. doi:10.1161/
CIRCULATIONAHA.117.032850 

53  Brunström  M, Carlberg  B, Lindholm  LH. Perspective From Sweden 
on the Global Impact of the 2017 American College of Cardiology/
American Heart Association Hypertension Guidelines: A “Sprint” 
Beyond Evidence in the United States. Circulation 2018;137:886-8. 
doi:10.1161/CIRCULATIONAHA.118.033632 

54  Schiffrin  EL. Global Impact of the 2017 American College of 
Cardiology/American Heart Association Hypertension Guidelines: 
A Perspective From Canada. Circulation 2018;137:883-5. 
doi:10.1161/CIRCULATIONAHA.117.032849 

55  Wander  GS, Ram  CVS. Global Impact of 2017 American Heart 
Association/American College of Cardiology Hypertension 
Guidelines: A Perspective From India. Circulation 2018;137:549-50. 
doi:10.1161/CIRCULATIONAHA.117.032877 

56  Wang  JG, Liu  L. Global Impact of 2017 American College of 
Cardiology/American Heart Association Hypertension Guidelines: A 
Perspective From China. Circulation 2018;137:546-8. doi:10.1161/
CIRCULATIONAHA.117.032890 

57  Kario  K. Global Impact of 2017 American Heart Association/
American College of Cardiology Hypertension Guidelines: A 
Perspective From Japan. Circulation 2018;137:543-5. doi:10.1161/
CIRCULATIONAHA.117.032851 

58  Wang  Z, Chen  Z, Zhang  L, et al, China Hypertension Survey 
Investigators. Status of hypertension in China: results from the China 
Hypertension Survey, 2012-2015. Circulation 2018;137:2344-56. 
doi:10.1161/CIRCULATIONAHA.117.032380 

59  Chobanian  AV, Bakris  GL, Black  HR, et al, National Heart, Lung, and 
Blood Institute Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood PressureNational High 
Blood Pressure Education Program Coordinating Committee. The 
Seventh Report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood Pressure: 
the JNC 7 report. JAMA 2003;289:2560-72. doi:10.1001/
jama.289.19.2560

Supplementary materials


