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1  | INTRODUC TION

In November 2017, the American College of Cardiology and 
American Heart Association (ACC/AHA) released the new hy-
pertension guideline and changed the systolic/diastolic blood 

pressure (SBP/DBP) related to hypertension from 140/90 mm Hg 
to ≥ 130/80 mm Hg,1 which is the most notable change related to 
high blood pressure that differed from the seventh report of the 
Joint National Committee (JNC 7), which was released in 2003.2 
The direct short-term effects of the new hypertension threshold 
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Abstract
This study aimed to assess the impact of the 2017 American College of Cardiology 
and American Heart Association (ACC/AHA) guideline and the 2018 Chinese hy-
pertension guidelines on the different secular trends for hypertension prevalence. 
A total of 82 665 eligible individuals aged ≥20 years were selected from nine cross-
sectional study periods (1991-2015) from the China Health and Nutrition Survey 
(CHNS). Over the 24-year period, the long-term trend for the prevalence of the 2017 
ACC/AHA-defined age-adjusted hypertension showed an increase from 32.2% (95% 
confidence interval (CI): 31.0%-33.3%) in 1991 to 60.0% (95% CI: 58.6%-61.3%) in 
2015 (Ptrend  <  0.001). According to the 2018 Chinese guideline for hypertension, 
the weighted hypertension prevalence increased from 10.0% (95% CI: 9.4%-10.5%) in 
1991 to 28.7% (95% CI: 27.9%-29.6%) in 2015 (Ptrend < 0.001). However, slopes of in-
creasing prevalence of hypertension were significantly greater according to the 2017 
ACC/AHA guideline than that based on Joint National Committee (JNC 7) report 
(β = 1.00% vs β = 0.67% per year, respectively, P = 0.041). Based on the 2017 ACC/
AHA definition, the prevalence of stage 1 hypertension and elevated blood pressure 
significantly increase from 22.3% and 6.9% in 1991 to 31.2% and 10.1% in 2015 (all 
P < 0.05), respectively. The secular trend for the prevalence of hypertension accord-
ing to the 2017 ACC/AHA guideline showed a greater rate of increase compared with 
the prevalence based on the 2018 Chinese hypertension guidelines. Public health 
initiatives should focus on the current status of hypertension in China because of the 
possible high prevalence of hypertension and concomitant vascular risks.
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on the population include an increase in the hypertension preva-
lence.3-5 Recently, the data of several Chinese populations also in-
dicated that the 2017 ACC/AHA guideline substantially increased 
the hypertension prevalence.6-8 After the publication of the new 
guidelines, the use of the new guidelines by other countries is a 
focus point. However, the Hypertension Committee of China 
Medical Association published consensus that recommended 
not to change the 2010 Chinese hypertension guidelines 9 and 
the Chinese hypertension guideline have seriously considered 
the current situation of hypertension management in China.6 
Hypertension affects approximately 1 billion adults worldwide 
and is a critically important modifiable risk factor for cardiovascu-
lar morbidity and mortality, which is the leading cause of death in 
China.10-12 In addition, 44.7% of Chinese adults aged 35-75 years 
13 suffer from hypertension (≥140/90 mm Hg) and the numbers of 
hypertensive adults is now estimated to be more than 300 million 
in China. Also, data from the China Health and Nutrition Survey 
(CHNS) indicated an increasing trend of hypertension prevalence 
and blood pressure (BP) among Chinese adults from 1991 to 2009 
based on the Chinese hypertension guideline.14 However, the 
long-term potential impact of 2017 ACC/AHA guideline on hyper-
tension prevalence is poorly understood,15,16 especially in China. 
Determining the prevalence of hypertension and disparity based 
on the 2017 ACC/AHA guideline and Chinese hypertension guide-
line would be helpful in improving our understanding of the im-
pact of the 2017 ACC/AHA guidelines on the Chinese population. 
Therefore, we used CHNS data from 1991 to 2015 to evaluate the 
secular trends for the prevalence of hypertension and elevated 
BP based on 2017 ACC/AHA and 2018 Chinese hypertension 
guidelines.

2  | METHODS

2.1 | Data source and study population

CHNS is a subsequent follow-up survey of nutrition and food safety 
of the Chinese Center for Disease Control and Prevention in collabo-
ration with the Population Center of the University of North Carolina 
in the United States. CHNS covered nine provinces (Liaoning, 
Heilongjiang, Jiangsu, Shandong, Henan, Hubei, Hunan, Guangxi, 
and Guizhou), a multistage, random cluster process was used to 
draw the samples surveyed in each of the provinces. Counties in 
the nine provinces were stratified by income (low, middle, and high), 
and four counties were randomly selected in each province. In ad-
dition, a provincial capital and a lower income city were selected 
when feasible, except in two provinces where large cities rather 
than provincial capitals had to be selected. Villages and townships 
within the counties and urban/suburban neighborhoods within the 
cities were selected randomly. Details of the CHNS survey data have 
been described elsewhere.17 The survey was approved by the in-
stitutional review committees of the University of North Carolina, 

the Chinese Institute of Nutrition and Food Safety, and the China 
Center for Disease Control and Prevention. The inclusion criteria of 
the study participants were as follows: (a) age ≥ 20 years; (b) com-
plete recorded information on individual's sex, height, weight, and 
region; (3) complete information record of hypertension and antihy-
pertensive drug usage. Finally, 8054, 7575, 8238, 9263, 8699, 8832, 
8333, 12 388, and 11 283 eligible individuals aged ≥20 years were 
selected from the 9 study periods (1991, 1993, 1997, 2000, 2004, 
2006, 2009, 2011, and 2015) for this study.

2.2 | BP measurements

BP was measured by trained examiners using a mercury sphygmoma-
nometer with a suitable cuff size according to a standard protocol.18 
Triplicate measurements were taken 10 minutes after rest, and the 
average of those three measurements was documented as the indi-
vidual's BP. According to the 2017 ACC/AHA guideline, hyperten-
sion was defined as BP ≥ 130/80 mm Hg or use of antihypertensive 
medications within the previous 2 weeks. Stage 1 hypertension was 
defined by SBP of 130-139 mm Hg or DBP of 80-89 mm Hg; and 
stage 2 hypertension was defined as SBP ≥ 140 or DBP ≥ 90 mm Hg 
or the use of antihypertensive medications, which is identical to 
2018 Chinese hypertension guideline.19 Elevated BP was defined by 
SBP of 120-129 mm Hg and DBP < 80 mm Hg according to the 2017 
ACC/AHA guideline.

2.3 | Statistical analysis

Continuous variables are presented as means and standard devia-
tion, and categorical variables are expressed as percentages. The 
secular trend for the key characteristics across survey years was 
calculated using multiple linear (continuous variable) or logistic re-
gression (categorical variable) models with adjustments for age, sex, 
region, and body mass index (BMI). Since the age distribution among 
the nine survey visits varied, the age-adjusted prevalence of hyper-
tension and elevated BP was weighted using the 2000 China Census 
data. We calculated the weighted prevalence from 1991 to 2015 
overall and by sex (men and women), age (<60 years and ≥60 years), 
and region type (urban and rural). The linear regression models were 
used to evaluate the secular trends for the prevalence of hyperten-
sion over the years, with the survey year as the independent vari-
able and the weighted prevalence as the dependent variable. The 
slope across survey years was used as a surrogate indicator of the 
average increase velocity, and we detected significant increasing 
trends across the nine survey years. The difference between slopes 
was examined using t test, which is recommended by Kleinbaum.20 
All statistical analyses were performed using SAS version 9.4 (SAS 
Institute Inc, Cary, NC) and SPSS statistical software version 22.0 
(IBM Corp). A 2-sided P value < 0.05 was considered to be statisti-
cally significant.
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3  | RESULTS

The key characteristics of the study participants across all survey 
visits are described in Table 1. The trend in mean SBP and DBP val-
ues increased significantly after the age, sex, region, and BMI (all 
Ptrend < 0.001) adjustment. In addition, the use of antihypertensive 
medications increased from 2.43% in 1991 to 14.75% in 2015 and an 
increased secular trend was observed (P < 0.001).

As shown in Figure  1, in 2015, the age-adjusted prevalence 
of hypertension was 60.0% (95% CI: 58.6% to 61.3%) based on 
the 2017 ACC/AHA guideline, which is 32.1% higher than the 
estimated prevalence (28.7%, 95% CI: 27.9% to 29.6%) accord-
ing to the 2018 Chinese guideline. Over the last 24-year period, 
the long-term trend of the 2017 ACC/AHA-defined age-adjusted 
hypertension prevalence among Chinese adults increased from 
32.2% (95% CI: 31.0% to 33.3%) in 1991 to 60.0% (95% CI: 58.6% 
to 61.3%) in 2015 (Ptrend < 0.001). Similarly, according to the 2018 
Chinese definition, the weighted prevalence of hypertension also 
increased from 10.0% (95% CI: 9.4% to 10.5%) in 1991 to 28.7% 
(95% CI: 27.9% to 29.6%) in 2015 (Ptrend < 0.001). However, slopes 
of increasing prevalence of hypertension during the last 24 years, 
measured as regression coefficients (β), were significantly greater 
according to the definition of 2017 ACC/AHA guideline than that 
based on JNC 7 (β = 1.00% per year versus β = 0.67% per year, P = 
0.041) (Figure 1).

Consequently, a similar secular trend of increased hypertension 
based on the 2017 ACC/AHA criteria and 2018 Chinese guideline 
for predefined subgroups such as sex, age, and region type were ob-
served (all Ptrend < 0.05) (Figure 2). Meanwhile, there was a similar 
greater slope of increasing age-adjusted prevalence of hypertension 
based on ACC/AHA criteria than that according to Chinese guideline, 
except for the subgroups older than 60 years (β = 0.48% per year 
versus β = 0.38% per year, P = 0.724) (Figure 2C) and urban regions 
(β = 0.72% per year vs β = 0.48% per year, P = 0.280) (Figure 2E). In 
addition, stage 1 hypertension and elevated BP based on 2017 ACC/
AHA definition also significantly increased from 22.3% (95% CI: 
21.3% to 23.3%) and 6.9% (95% CI: 6.3% to 7.4%) in 1991 to 31.2% 
(95% CI: 30.2% to 32.3%) and 10.1% (95% CI: 9.5% to 10.7%) in 2015 
(all P < 0.05), respectively (Figure 3).

In addition, there was a significant difference in slopes between 
urban region and rural region based on ACC/AHA criteria (β = 0.72% 
per year vs β = 1.15% per year, P = 0.023) (Supplementary Table S1).

4  | DISCUSSION

In the present study, we observed that when applying the 2017 
ACC/AHA guideline in comparison to the 2018 Chinese guideline, 
the prevalence of hypertension among Chinese adults significantly 
increased. Moreover, the present study demonstrated an increased 
secular trend of hypertension and elevated BP among Chinese 
adults based on 2017 ACC/AHA guideline over the past 24 years. 
Furthermore, the increased rate of hypertension prevalence based TA
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on the 2017 ACC/AHA guideline was significantly steeper than that 
estimated based on the 2018 Chinese guideline.

In the past decades, the prevalence of hypertension among 
adults and children in China has increased dramatically and has be-
come an important public health issue.14,21 Muntner et al analyzed 
the National Health and Nutrition Examination Survey (NHANES) 
data and showed that applying the 2017 ACC/AHA criteria increased 
the prevalence of hypertension in the United States from 31.9% to 
45.6%, with a relative increase of 43.0%.3 Wang et al 6 demonstrated 
that if a SBP/DBP of 130/80 mmHg is applied to the most recent 
data in China, the prevalence of hypertension would increase from 
approximately 25% to 50%. Using NHANES data from the most 
recent two periods (2013-14, 2015-16) and the China Health and 
Retirement Longitudinal Study (CHARLS) (2011-12), Khera et al 7 in-
dicated that the application of the 2017 ACC/AHA guideline would 
result in an increased hypertension prevalence of 26.8% (95%CI: 
23.2% to 30.9%) and 45.1% (95%CI: 41.3% to 48.9%) in United States 
and China among adults aged 45-75 years, respectively. Using longi-
tudinal CHNS data, the present study protracted the previous prev-
alence of hypertension from several cross-sectional studies in China 
6-8 and demonstrated an increasing secular trend of hypertension 
prevalence based on 2017 ACC/AHA guideline, which is different 
from the long-term trend among US adults.16,17

In addition, we observed that the rate of increase in the preva-
lence of hypertension based on 2017 ACC/AHA guideline is signifi-
cantly steeper than that estimated by the 2018 Chinese guideline 
(β = 1.00% per year versus β = 0.67% per year, P = 0.041). With the 
new definition of 2017 ACC/AHA hypertension guideline, more in-
dividuals with BP ≥ 130-139/80-89 mmHg will be newly diagnosed 

as hypertension and the prevalence of hypertension in populations 
will increase significantly. Our analysis also indicated that stage 1 
hypertension defined as BP ≥ 130-139/80-89 mmHg according to 
the 2017 ACC/AHA guideline gradually increased in the last 24 years 
(β = 1.00% per year, P = 0.014). These findings have potential impli-
cations for the category of prehypertension defined by JNC 7 and 
stage 1 hypertension over the past two decades and the implica-
tions for patient outcomes. Based on the 2017 ACC/AHA guideline, 
elevated BP also increased significantly across the nine survey visits 
(β = 0.12% per year, P =0 .002). These results indicated that a more 
intensive BP management should be encouraged in China.

The advantages of lowering the definition of hypertension to 
130/80 mm Hg provide an opportunity for healthcare providers and 
patients to discuss the value of nonpharmacological treatments in 
lowering BP, that is, to implement recommended lifestyle changes 
and to emphasize that BP has a potential hazard that can be con-
trolled. The new definition of hypertension based on the 2017 ACC/
AHA guideline may have a potential impact on Chinese adults. In 
China, most cardiovascular specialists have suggested that the 
threshold BP of the 2017 ACC/AHA hypertension guideline may 
not be adaptable currently in China.6 Although prospective cohort 
studies from China and other countries have shown a positive as-
sociation of 130-139/80-89 mm Hg with the onset of subsequent 
cardiovascular diseases,22-24 whether or not the new definition of 
hypertension will improve the control of hypertension and reduce 
the risk of cardiovascular disease without a substantial increase of 
cost is still controversial.25,26

Limitations should be considered in light of these results. Firstly, 
the BP measurements in CHNS were obtained from a single visit which 

F I G U R E  1   Secular trends of age-adjusted prevalence of hypertension defined by 2017 ACC/AHA guideline and 2018 Chinese criteria 
among Chinese adults, 1991 to 2015. ACC = American College of Cardiology; AHA = American Heart Association [Color figure can be 
viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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may be induced misclassification. In addition, the research sample 
analyzed during the current study does not provide a national repre-
sentative sample of general Chinese population. However, the CHNS 
data are considered as a reliable source to estimate the prevalence and 
trends of hypertension in the general population, and they have been 
widely used in previous literature.14,18,21 Finally, the impact of the 2017 
ACC/AHA guideline and the JNC 7 on the prevalence of hypertension 
was not compared. However, we expect the outcomes and compari-
sons to be similar because the definition of hypertension according to 
the JNC 7 is the same as that of the 2018 Chinese guideline.

5  | CONCLUSION

The hypertension prevalence based on hypertension criteria defined 
by 2017 ACC/AHA guideline would be significantly increased, com-
pared to the prevalence estimates based on 2018 Chinese guideline. 
Moreover, the secular trend of hypertension prevalence according 
to 2017 ACC/AHA guideline has a steeper rate of increase than that 
based on 2018 Chinese guideline. Although different secular trends 
of hypertension prevalence are reported based on different hyper-
tension guidelines, public health initiatives are required to focus on 

F I G U R E  2   Secular trends of age-adjusted prevalence of hypertension among predefined subgroups among men (A), women (B), aged 
≥60 y (C), aged <60 y (D), urban region (E), and rural region (F) according to 2017 ACC/AHA guideline and 2018 Chinese criteria among 
Chinese adults, 1991 to 2015. ACC = American College of Cardiology; AHA = American Heart Association [Color figure can be viewed at 
wileyonlinelibrary.com]

(A) (B)

(C) (D)

(E) (F)

www.wileyonlinelibrary.com
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the current status of hypertension in China because of its high prev-
alence and concomitant vascular risks.

ACKNOWLEDG MENTS
All of the investigators and staff members were gratefully acknowl-
edged. Thanks for all the dedicated participants.

CONFLIC T OF INTERE S T
None.

AUTHOR CONTRIBUTIONS
Tiesheng Niu and Liqiang Zheng had full access to all of the data in 
the study and take responsibility for the integrity of the data and 
the accuracy of the data analysis. Tiesheng Niu and Liqiang Zheng 
involved in study concept and design. Yue Dai involved in statistical 
analysis. Liqiang Zheng involved in drafting of the manuscript. Peng 
Fu and Tiangui Yang involved in critical revision of the manuscript for 
important intellectual content. Yanxia Xie, Jia Zheng and Jinyue Gao 
involved in review the English language and grammar. All authors 
read and approved the final manuscript.

ORCID
Liqiang Zheng   https://orcid.org/0000-0003-0101-9398 

R E FE R E N C E S
	 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. Circulation. 2018;138:e426-e483.

	 2.	 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 Pressure; National 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;289:2560-2572.

	 3.	 Muntner P, Carey RM, Gidding S, et al. Potential U.S. Population 
Impact of the 2017 American College of Cardiology/American 
Heart Association High Blood Pressure Guideline. J Am Coll Cardiol. 
2018;71:109-118.

	 4.	 Schiffrin EL. Global Impact of the 2017 American college of cardi-
ology/American heart association hypertension guidelines: a per-
spective from Canada. Circulation. 2018;137:883-885.

	 5.	 Wander GS, Ram CVS. Global Impact of the 2017 American College of 
Cardiology/American Heart Association Hypertension Guidelines: 
A Perspective From India. Circulation. 2018;137:549-550.

	 6.	 Wang JG, Liu L. Global Impact of 2017 American College of 
Cardiology/American Heart Association Hypertension Guidelines: 
A Perspective From China. Circulation. 2018;137:546-548.

	 7.	 Khera R, Lu Y, Lu J, et al. Impact of 2017 ACC/AHA guidelines on 
prevalence of hypertension and eligibility for antihypertensive 
treatment in United States and China: nationally representative 
cross sectional study. BMJ. 2018;362:k2357.

	 8.	 Yang C, Wang J, Gao B, et al. Prevalence and treatment of hyper-
tension in China: impacts of 2017 American College of Cardiology/
American Heart Association High Blood Pressure Guideline. Science 
Bulletin. 2018;63:488-493.

	 9.	 Chinese Medical Doctor Association. Chinese Medical Doctor 
Association Scientific Statement: the Diagnostic Criteria and the 
Therapeutic Target of Hypertension in China. Chin J Hypertens. 
2018;26:107-109. (in Chinese).

F I G U R E  3   Secular trends of age-adjusted prevalence of stage 1 hypertension and elevated blood pressure according to 2017 ACC/AHA 
guideline among Chinese adults, 1991 to 2015. ACC = American College of Cardiology; AHA = American Heart Association [Color figure can 
be viewed at wileyonlinelibrary.com]

https://orcid.org/0000-0003-0101-9398
https://orcid.org/0000-0003-0101-9398
www.wileyonlinelibrary.com


34  |     ZHENG et al.

	10.	 Rapsomaniki E, Timmis A, George J, et al. Blood pressure and in-
cidence of twelve cardiovascular diseases: lifetime risks, healthy 
life-years lost, and age-specific associations in 1·25 million people. 
Lancet. 2014;383(9932):1899-1911.

	11.	 Lewington S, Lacey B, Clarke R, et al. The Burden of Hypertension 
and Associated Risk for Cardiovascular Mortality in China. JAMA 
Intern Med. 2016;176:524-532.

	12.	 He J, Gu D, Wu X, et al. Major causes of death among men and 
women in China. N Engl J Med. 2005;353:1124-1134.

	13.	 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;390:2549-2558.

	14.	 Xi B, Liang Y, Reilly KH, et al. Trends in prevalence, awareness, 
treatment, and control of hypertension among Chinese adults 
1991–2009. Int J Cardiol. 2012;158:326-329.

	15.	 Liu B, Sun Y, Xu G, et al. Long-Term Trends in Hypertension and 
Elevated Blood Pressure Among U.S. Adults, 1999 to 2016. J Am 
Coll Cardiol. 1999;2018(72):2089-2091.

	16.	 Dorans KS, Mills KT, Liu Y, et al. Trends in Prevalence and Control 
of Hypertension According to the 2017 American College of 
Cardiology/American Heart Association (ACC/AHA) Guideline. J 
Am Heart Assoc. 2018;7(11):e008888.

	17.	 Popkin BM, Du S, Zhai F, et al. Cohort profile: The China Health 
and Nutrition Survey-monitoring and understanding socio-eco-
nomic and health change in China, 1989–2011. Int J Epidemiol. 
2010;39:1435-1440.

	18.	 Wu Y, Huxley R, Li L, et al. Prevalence, awareness, treat-
ment, and control of hypertension in China: data from the 
China National Nutrition and Health Survey 2002. Circulation. 
2008;118:2679-2686.

	19.	 Joint Committee for Guideline Revision. 2018 Chinese Guidelines 
for Prevention and Treatment of Hypertension-A report of the 
Revision Committee of Chinese Guidelines for Prevention and 
Treatment of Hypertension. J Geriatr Cardiol. 2019;16(3):182-241.

	20.	 Kupper K, Muller N. Applied Regression Analysis and Other 
Multivariable Methods (4th edn). Belmont: Thomson Higher 
Education. 2008:222-224.

	21.	 Xi B, Liang Y, Mi J. Hypertension trends in Chinese children in the 
national surveys, 1993 to 2009. Int J Cardiol. 2013;165:577-579.

	22.	 Yano Y, Reis JP, Colangelo LA, et al. Association of Blood Pressure 
Classification in Young Adults Using the 2017 American College 
of Cardiology/American Heart Association Blood Pressure 
Guideline With Cardiovascular Events Later in Life. JAMA. 
2018;320:1774-1782.

	23.	 Qi Y, Han X, Zhao D, et al. Long-Term Cardiovascular Risk Associated 
With Stage 1 Hypertension Defined by the 2017 ACC/AHA 
Hypertension Guideline. J Am Coll Cardiol. 2018;72:1201-1210.

	24.	 Xie Y, Gao J, Guo R, et al. Stage 1 hypertension defined by the 
2017 ACC/AHA guideline predicts future cardiovascular events 
in elderly Chinese individuals. J Clin Hypertens (Greenwich). 
2019;21:1637-1644.

	25.	 Talaei M, Hosseini N, Koh AS, et al. Association of "Elevated 
Blood Pressure" and "Stage 1 Hypertension" With Cardiovascular 
Mortality Among an Asian Population. J Am Heart Assoc. 
2018;7:e008911.

	26.	 Atasoy S, Johar H, Peters A, Ladwig K-H. Association of hy-
pertension cut-off values with 10-year cardiovascular mor-
tality and clinical consequences: a real-world perspective 
from the prospective MONICA/KORA study. Eur Heart J. 
2019;40:732-738.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Zheng L, Dai Y, Fu P, et al. Secular 
trends of hypertension prevalence based on 2017 ACC/AHA 
and 2018 Chinese hypertension guidelines: Results from CHNS 
data (1991-2015). J. Clin. Hypertens.2021;23:28–34. https://doi.
org/10.1111/jch.14060

https://doi.org/10.1111/jch.14060
https://doi.org/10.1111/jch.14060

