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Background: Few studies investigated the concordance in hypertension status and
antihypertensive treatment recommendations between the 2018 Chinese Hypertension
League (CHL) guidelines and the 2017 American College of Cardiology (ACC)/American
Heart Association (AHA) guidelines and assessed the change of premature mortality risk
with hypertension defined by the ACC/AHA guidelines.

Methods: We used the baseline data of the China Health and Retirement Longitudinal
Study (CHARLS) to estimate the population impact on hypertension management
between CHL and ACC/AHA guidelines. Mortality risk from hypertension was estimated
using the data from China Health and Nutrition Survey (CHNS). Cox proportional
hazards model was used to estimate the hazard ratios (HRs) and their 95% confidence
intervals(Cls).

Results: Among 13,704 participants analyzed from the nationally representative data of
CHARLS, 42.64% (95% CI: 40.35, 44.96) of Chinese adults were diagnosed by both CHL
and ACC/AHA guidelines. 41.25% (39.17, 43.36) did not have hypertension according
to either guideline. Overall, the concordance in hypertension status was 83.89% (81.69,
85.57). A high percentage of agreement was also found for recommendation to initiate
treatment among untreated subjects (87.62% [86.67, 88.51]) and blood pressure
(BP) above the goal among treated subjects (71.68% [68.16, 74.95]). Among 23,063
adults from CHNS, subjects with hypertension by CHL had a higher risk of premature
mortality (1.75 [1.50, 2.04]) compared with those without hypertension. The association
diminished for hypertension by ACC/AHA (1.46 [1.07, 1.30]). Moreover, the excess
risk was not significant for the newly defined Grade 1 hypertension by ACC/AHA
(1.15 [0.95, 1.38]) when compared with BP <120/80 mmHg. This contrasted with the
estimate from CHL (1.54 [1.25, 1.89]). The same pattern was observed for total mortality.
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Conclusions: If ACC/AHA guidelines were adopted, a high degree of concordance
in hypertension status and initiation of antihypertensive treatment was found with
CHL guidelines. However, the mortality risk with hypertension was reduced with a
non-significant risk for Grade 1 hypertension defined by the ACC/AHA.

Keywords: blood pressure, mortality, hypertension, premature mortality, cohort study

INTRODUCTION

In 2017, the American College of Cardiology/American Heart
Association (ACC/AHA) released an updated blood pressure
(BP) guidelines and reduced the diagnostic threshold for
hypertension to systolic blood pressure (SBP)/diastolic blood
pressure (DBP) >130/80 mmHg (1). This contrasts with the
2018 Chinese Hypertension League (CHL) BP guidelines and the
2018 European Society of Cardiology (ESC)/European Society
of Hypertension (ESH) BP guidelines, where hypertension is
diagnosed based on a threshold of >140/90 mmHg (2, 3). This
new change substantially increases the prevalence and number of
subjects with hypertension and extensively revised the treatment
recommendations and goal of antihypertensive treatment (4-
7). However, few of them investigated the concordances
in hypertension management between 2018 CHL and 2017
ACC/AHA. This is of particular interest for the treatment
recommendations as the ACC/AHA employs a different strategy
to guide the antihypertensive medication treatment through
predicted cardiovascular disease (CVD) risk in conjunction with
BP (1).

Several studies have assessed the impact of a lower BP
threshold on the risk of a cardiovascular event and/or all-
cause mortality (8-12). However, a few of them compared the
effect of different BP thresholds (e.g., from ACC/AHA and
Chinese guidelines) simultaneously. Also, there are uncertainties
as to whether either definition of hypertension is associated
with premature mortality, which is a very important index
for public health surveillance (13). Although some studies
demonstrated the positive associations between hypertension
(i.e., >140/90 mmHg) and premature mortality (14-16), few
of them detailed the relationship of premature mortality with
different hypertension categories (e.g., stage 1 hypertension) and
did not include SBP or DBP to evaluate their specific associations
with premature mortality.

In our analysis, we aim to (1) compare the agreement
on the definition of hypertension, treatment initiation
recommendation, and control status of hypertension between
2017 ACC/AHA and 2018 CHL guideline; and (2) determine
whether hypertension or different hypertension categories, as
defined by either 2017 ACC/AHA or 2018 CHL guideline, is
associated with premature mortality.

METHODS

Study Populations
We used the baseline data of China Health and Retirement
Longitudinal Study (CHARLS) (2011-2012) to estimate the

population-level impact of utilizing 2017 ACC/AHA on
the prevalence or number of subjects with hypertension,
recommendation for antihypertensive treatment, and
intensification of therapy, in comparison with the 2018
CHL guidelines. The profile and data quality of this study has
been described elsewhere (17). Briefly, CHARLS is a nationally
representative survey for 17,708 subjects aged 45 years and older
in China and was conducted from 2011 to 2012. The participants
were selected through a multistage probability sampling method
and can be weighted to obtain national estimates.

To further explore the mortality risk of different subgroups
of hypertension defined by ACC/AHA and CHL guidelines, we
analyzed the data from China Health and Nutrition Survey
(CHNS). CHNS started in 1989 from 9 China provinces that
varied substantially in geography, economic development, and
followed up every 2-4 years (i.e., in 1989, 1991, 1993, 1997,
2000, 2004, 2006, 2009, and 2011) (18). Since the conflicting
results have been repeatedly reported between BP and all-cause
mortality among the elderly population (19, 20) and disease
burden from early death is relevant to young and middle-aged
adults, we only included participants aged 18-75 years with the
key information available (e.g., measurements of BP).

The CHARLS and CHNS obtained each participant’s written
informed consent and were approved by institutional review
board of Peking university, and the University of North Carolina
at Chapel Hill and the National Institute for Nutrition and
Health, Chinese Center for Disease Control and Prevention,
respectively. This analysis has been approved by the Human
Research Ethics Committee of the Xi’an Jiaotong University
Health Science Center (No: 2021-6).

BP Measurement and Definition

Seated SBP and DBP for each participant were taken using
calibrated mercury sphygmomanometers in CHNS or the
attended automated BP device (Omron model HEM-7200) in
CHARLS following the standardized procedure of each study.
The mean value of 3 available BP measurements was used in the
current analysis.

The definitions of hypertension, initiation of antihypertensive
medication, and BP goals referred to the 2017 ACC/AHA
and the 2018 CHL guidelines are displayed in Appendix
Table 1 (Supplementary Material). According to the 2018
CHL guidelines, participants were classified into five categories:
Normal (untreated SBP <120 mmHg and DBP <80 mmHg);
High normal (untreated SBP 120-139 mmHg and/or DBP 80—
89 mmHg); Grade 1 hypertension (SBP 140-159 mmHg and/or
DBP 90-99 mmHg); Grade 2 hypertension (SBP 160-179 mmHg
and/or DBP 100-109 mmHg); Grade 3 hypertension (SBP >180
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mmHg and/or DBP >110 mmHg) (2). Similarly, according to
the 2017 ACC/AHA guideline, participants were reclassified into
four categories: Normal (untreated SBP <120 mmHg and DBP
<80 mmHg); Elevated (untreated SBP 120-129 mmHg and/or
DBP <80 mmHg); Grade 1 hypertension (SBP 130-139 mmHg
and/or DBP 80-89 mmHg); Grade 2 hypertension (SBP >140
mmHg and/or DBP >90 mmHg) (1).

Mortality

Data from the CHNS cohort study were used to estimate the
mortality risk from different BP categories defined by ACC/AHA
and Chinese guidelines. In the present study, premature death
is defined as mortality before age 73.64 years in men and 79.43
years in women, which was the average life expectancies in
China in 2015 (21). To overcome the issues related to the
arbitrary selection of age threshold for premature mortality, we
also adopted the definition from the Global Burden of Disease
(GBD) study, where a death that occurred before the potential
maximum life expectancy [refer to the standard life expectancy
(SLE)] observed at the age of the person who died. Here, the SLE
is intended to represent the potential achievable human life spans
of an individual at a given age. It is calculated based on the highest
national life expectancy projected for the year 2050 (22).

Assessment of Covariables

Body mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared. Some other variables
included educational level (illiterate, primary, middle/high
school, bachelor, or above), marital status (married, never),
residence status (rural, urban), smoking status (non-smoker,
current smoker, ex-smoker), drinking status (non-drinker,
drinker), self-reported health status in excellent/very good
condition (yes, no), and self-reported CVD (yes, no), diabetes
(yes, no), cancer (yes, no).

Statistical Analysis
The percentage and number (95% confidence interval [CI])
of adults with hypertension, recommended antihypertensive
treatment and control status of hypertension based on 2017
ACC/AHA guidelines only, 2018 CHL guidelines only, and
both or either guideline was estimated using CHARLS sampling
weights to extrapolate to Chinese population (>45 years).
Baseline characteristics of participants from CHNS were
compared between hypertension and non-hypertension groups
by t-tests for continuous variables expressed as mean (standard
deviation) or Chi-square tests for categorical variables expressed
as 1 (%). Kaplan-Meier (KM) curves were employed to estimate
the survival probabilities across different hypertension categories
and compared by the log-rank test. The incidence rate (per 1,000
person-years) for all-cause mortality and premature death was
calculated. The hazard ratios (HRs) and 95% ClIs of death among
different BP categories were estimated by Cox proportional
hazards model. To test the reliability of our analysis, we fitted
three models, with the first model adjusting for age and gender
(model 1). The second model included the variables model 1
plus educational level, marital status, rural residents, drinking,
or smoking status (model 2). The third model included the

variables in model 2 plus BMI, history of diabetes mellitus, CVD,
or cancer (model 3). p-values for trends were calculated using
the quartile median values of BP categories. To validate the
association between BP with premature mortality, we repeated
the main analyses but redefined the premature death by the
GBD approach.

All p-values are two-sided and statistical analyses were done
with Stata 15.0.

RESULTS

Percentage and Number of Hypertension,
Recommended Initiating Antihypertensive
Medication, Above-The-Goal BP Defined
by Chinese and ACC/AHA Guidelines

Our current analysis was based on 13,704 subjects after
excluding 4,541 subjects who did not participate in the physical
examination with missing BP. Overall, we estimated 42.64%
(95%CI: 40.35, 44.96; representing 227.04 million) of Chinese
adults aged >45 years had hypertension according to the CHL,
but this would be 16.11% higher (14.13, 18.31; representing
85.79 million) if ACC/AHA guidelines were adopted. Also,
41.25% (39.17, 43.36; representing 219.63 million) did not
have hypertension according to either definition. As such, the
overall concordance in hypertension status was 83.89% (81.69,
85.57) (Figure 1—Left; Figure 2 and Appendix Table 2 in the
Supplementary Material).

Among participants who reported not taking antihypertensive
medication (N = 11,126), 12.38% (11.49, 13.33; representing
52.89 million) were recommended antihypertensive medication
by 2017 ACC/AHA guidelines only. However, 62.70% (60.65,
64.70; representing 267.83 million) were not recommended to
initiate antihypertensive medication by either ACC/AHA or CHL
guidelines and 24.92% (22.90, 27.06; representing 106.46 million)
were recommended to initiate treatment by both guidelines
(overall concordance 87.62% [86.67, 88.51]) (Figure 1—Middle;
Figure 2 and Appendix Table 2 in the Supplementary Material).

Among those with hypertension taking antihypertensive
medication (N = 2,578), 28.32% (25.05, 31.84; representing 29.82
million) and 51.93% (47.10, 56.72; representing 54.67 million),
19.75% (17.22, 22.54; representing 20.79 million) was above the
ACC/AHA goal only, both and neither guideline, respectively
(overall concordance 71.68% [68.16, 74.95]) (Figure 1—Right;
Figure 2 and Appendix Table 2 in the Supplementary Material).

Baseline Information of Participants
Included in CHNS Study

A total of 23,063 participants were included in the present
analysis. The mean age was 41.08 (range: 18-75) years; 45.24%
were male. Over a median of 6.06 years of follow-up, there were
1,673 deaths. Of these deaths, 74.06% (1,239/1,673) were defined
as premature. The prevalence of hypertension was 20.22%
(4,663/23,063) by CHL definition and 46.85% (10,805/23,063)
by ACC/AHA definition. Subjects with hypertension by both
definitions tended to be older, received lower education, had a
higher proportion of smoking and drinking, higher BMI levels,
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Prevalence of Hypertension
(among overall population)

Recommended antihypertensive medication initiation
(among those not taking medication)

Above goal blood pressure
(among those taking medication)

ACC/AHA but not CHL
12.38% (11.49, 13.33)

ACC/AHA but not CHL
28.32% (25.05, 31.84)

ACC/AHA but not CHL
16.11% (14.13, 18.31)

Neither ACC/AHA nor CHL
62.70% (60.65, 64.70)

Neither ACC/AHA nor CHL
19.75% (17.22, 22.54)

Neither ACC/AHA nor CHL
41.25% (39.17, 43.36)

Summary statistics: Summary statistics: Summary statistics:

Concordance between 83.89% (81.69, 85.57) Concordance between 87.62% (86.67. 88.51) Concordance between 71.68% (68.16, 74.95)

ACC/AHA and CHL: (42.64%+41.25%=83.89%) ACC/AHA and CHL: (24.929+62.70%=87.62%) ACC/AHA and CHL: (51.93%+19.75%=71.68%)
Disconcordance between i Disconcordance between & Disconcordance between 0
ACC/AHA and CHL: 16.11% (14.13, 18.31) ACC/AHA and CHL: 12.38% (1149, 13.33) ACCIAFIA md OFIT - 28.32% (25.05. 31.84)

FIGURE 1 | Percentage of hypertension, recommended to initiate antihypertensive medication, above-the goal blood pressure. Data used for estimating was from
CHARLS 2011-2012 baseline survey. (Left) Percentage of Chinese adults who have hypertension; (Middle) percentage of Chinese adults who are recommended to
initiate antihypertensive medication among those not taking antihypertensive medication; (Right) percentage of Chinese adults with above the goal blood pressure

among those taking antihypertensive medication.

higher prevalence of CVD, diabetes, and cancer (Appendix Table
3 in the Supplementary Material).

Associations Between Hypertension
Categories and Mortality

Kaplan-Meier curves indicated that the cumulative rate
of premature mortality was significantly different between
participants with and without hypertension defined by CHL
(P < 0.001) in Figure3A. A similar result was found for
hypertension defined by ACC/AHA in Figure 3B. However, we
could graphically identify that the difference in the cumulative
rate between hypertension and non-hypertension groups defined
by ACC/AHA was smaller than those defined by CHL. This was
supported by the adjusted Cox regression model. We found
that hypertension by CHL significantly increased the risk of
premature death by 75% (Model 3: 1.75, 1.50-2.04), whereas this
risk reduced to 46% (Model 3: 1.46, 1.26-1.69) for hypertension
by ACC/AHA (Table 1).

While further exploring the BP categories with premature
mortality, we found the curves for each BP categorized by CHL
diverged over time but not substantial for ACC/AHA, although
differences were significant across hypertension categories from
Figures 3C,D (both P < 0.001). This observation from KM
curves was proved by HRs of premature death in the Cox
model. Grade 1 hypertension (Model 3: 1.54, 1.25-1.89),
Grade 2 hypertension (Model 3: 2.01, 1.52-2.66), and Grade
3 hypertension (Model 3: 3.76, 2.81-5.04) by CHL could
significantly increase the risk of premature mortality over normal
BP (<120/80 mmHg), although not for high normal (Model
3: 1.10, 0.92-1.32). On the contrary, we only found Grade
2 hypertension by ACC/AHA reached statistical significance

(Model 3: 1.89, 1.58-2.28) but not for Grade 1 (Model 3: 1.15,
0.95-1.38) and elevated BP (Model 3: 0.96, 0.71-1.28), compared
with normal BP (<120/80 mmHg) (Table 1).

Like the estimates for premature mortality, we found a
weak but significant association with all-cause mortality for
hypertension by ACC/AHA (Model 3: 1.39, 1.23-1.57), in
comparison with the result by CHL (Model 3: 1.65, 1.45-
1.87). Also, a significant association was observed for Grade 1
hypertension by CHL (Model 3: 1.49, 1.26-1.77) but not by
ACC/AHA (Model 3: 1.14, 0.97-1.33) (Table 1). This could be
supported from our further analyses by SBP or DBP levels,
where positive association started from SBP >140 or DBP >90
(Appendix Table 4 in the Supplementary Material).

Sensitivity analyses for the association with premature
mortality defined by the GBD study revealed similar findings
as those using age threshold from life expectancy for defining
premature mortality, although the percentage of premature
mortality differs [99.04% (1,657/1,673) by GBD study vs.
74.06% (1,239/1,673) by the threshold of the expected life year]
(Appendix Table 5 in the Supplementary Material).

DISCUSSION

Our study identified that 2017 ACC/AHA guidelines
substantially increased the percentage and number of subjects
with hypertension, eligibility for antihypertensive medication
compared to 2018 CHL guidelines. Furthermore, we found
that the degree of concordance was high between CHL and
ACC/AHA guidelines with a few small differences. In addition,
we found that hypertension, both by CHL or ACC/AHA
definition, would significantly increase the risk of premature
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- (18.32,23.25)

g
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Prevalence of Recommended Above goal
hypertension antihypertensive blood pressure
medication initiation
FIGURE 2 | Number of hypertension cases, recommended to initiate antihypertensive medication, above the goal blood pressure. Data used for estimating were
collected from CHARLS 2011-2012 baseline survey.

death or total death among participants aged 18-75 years.
However, this excess risk was diminished for hypertension
and not observed for the newly defined Grade 1 hypertension
by ACC/AHA.

The lower SBP and DBP levels used to define hypertension and
the goal of antihypertensive treatment in the 2017 ACC/AHA is
the obvious reason for the substantial increase of the percentage
of hypertension and not reaching the goal of antihypertensive
treatment. A similar increase was also reported in Bangladesh
(23) and Korea (24). Our results also emphasized that a
high percentage of Chinese adults was provided identical
antihypertensive treatment recommendations by ACC/AHA and
CHL guidelines. This is in line with the data reported in adults
with diabetes in the United States (25). However, the decision
to initiate and intensify antihypertensive medication should
consider both the benefit and harm as well as the cost of drugs.
Therefore, a careful evaluation of the cost-effectiveness of 2017
ACC/AHA guidelines should be performed to provide evidence
for hypertension management, especially in China with a large
absolute number of hypertensive subjects. Also, we should note
that evidence for developing ACC/AHA guidelines as well as
ESC/ESH guidelines are mainly from studies in the Caucasian

population, which were interpreted carefully while developing
CHL guidelines with limited data among Chinese or Asians.

The positive associations have been repeatedly reported
between hypertension with cardiovascular incidence and total
mortality among young or middle-aged adults (20, 26-30). This
is consistent with our study using the traditional BP threshold
for hypertension (140/90 mmHg). However, a few studies have
explored whether the excess risk persisted if a lower threshold
for hypertension by ACC/AHA was adopted. In our analysis,
we found a high risk of total mortality with the newly defined
hypertension but not stage 1 hypertension. This finding is
generally in line with results from a meta-analysis (31) and a
recent pooled analysis among the Chinese population (8). It is
noted that our analysis further found that the risk of all-cause
mortality significantly increased with higher systolic or diastolic
BP, in a dose-dependent manner. However, this increased risk
only reached statistical significance from SBP >140 or DBP
>90, respectively. This partly supported our finding on the null
association for the lower BP cut points for stage 1 hypertension
from ACC/AHA with mortality.

Although death is inevitable, evidence has shown that most
premature deaths in young or middle-aged adults could be highly
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4120
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Time(Years)

Grade 3 Hypertension 291 180 117 76 32 24
Grade 2 Hypertension 621 392 268 159 74 45
Grade 1 Hypertension 2544 1456 1023 683 355 245
High Normal 6339 4239 3295 2401 1501 1091
Normal 8335 5918 4908 3832 2619 1956

0

10

20

Number at risk Time(Years)
Hypertension defined by ACC/AHA 8265 5274 3913 2735 1585 1127
Normal 9865 6911 5698 4416 2996 2234

D
<
Grade 2 hypertension defined by ACC/AHA
irade 1 hypertension defined by ACC/AHA
Elevated defined by ACC/AHA
Normal defined by ACC/AHA
="] Logrank P<0.001
2
0 s 10 15 20 25
Number at risk Time(Years)
Grade 2 Hypertension 3023 1887 1321 864 440 300
Grade 1 Hypertension 5242 3387 2592 1871 1145 827
Elevated 1530 993 790 584 377 278
Normal 8335 5918 4908 3832 2619 1956

according to the 2017 ACC/AHA guidelines.

FIGURE 3 | Cumulative incidence of premature mortality according to hypertension categories by CHL and ACC/AHA definition. Premature death is defined as deaths
before the age of 73.64 years in men and 79.43 years in women. (A) Hypertension was defined as SBP >140 mmHg, DBP >90 mmHg, or taking antihypertensive
medication according to the CHL guidelines; (B) hypertension was defined as SBP >130 mmHg, DBP >80 mmHg, or taking antihypertensive medication according
to the 2017 ACC/AHA guidelines; (C) participants were categorized as having normal BP (untreated SBP <120 mmHg and DBP <80 mmHg); high normal BP
(untreated SBP 120-139 mmHg and/or DBP 80-89 mmHg); Grade 1 hypertension (SBP 140-159 mmHg and/or DBP 90-99 mmHg); Grade 2 hypertension (SBP
160-179 mmHg and/or DBP 100-109 mmHg); and Grade 3 hypertension (SBP >180 mmHg and/or DBP >110 mmHg) according to the CHL guidelines; (D)
participants were categorized as having normal BP (untreated SBP <120 mmHg and DBP <80 mmHg); elevated BP (untreated SBP 120-129 mmHg and/or DBP
<80 mmHg); Grade 1 hypertension (SBP 130-139 mmHg and/or DBP 80-89 mmHg); and Grade 2 hypertension (SBP >140 mmHg and/or DBP >90 mmHg)

preventable (13). A few studies have assessed the association
between BP categories and premature mortality. In our study,
we found that 74.06% of all deaths were premature, which is
higher than studies from He et al. (14) in China (55.3%) and
Nalini et al. (16) in Iran (63.6%). Furthermore, consistent with
the findings for the all-cause mortality, our study demonstrated
that hypertension would significantly increase the risk of early
death with an adjusted HR of 1.75. This was supported by
our additional analyses using the GBD definition for premature
death. Our study was consistent with a previous study in a sample
0f 169,871 Chinese adults aged 40 years and older (14). Our study
further indicated a moderate but significantly increased risk of
premature mortality with the lower BP criterion for hypertension
by ACC/AHA and a linear trend with the increasing SBP and

DBP. Meanwhile, we also found that this positive relationship
could not be observed for the newly defined stage 1 hypertension.

The limitations of our study need to be acknowledged. First,
our study did not report the association between hypertension
with cause-specific mortality, particularly cardiovascular death.
This will make the interpretation of hypertension effect on total
mortality not intuitive. However, we believed that selection of
all-cause mortality as an endpoint could avoid misclassification
issues compared with disease-specific ones. Meanwhile, our
examination of total or premature mortality could provide
substantial information from a public health perspective. Second,
BP was measured at a single visit for CHARLS, which is different
from the requirement from both guidelines about the diagnosis of
hypertension. Third, some covariates, such as cancer treatments,
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TABLE 1 | Hazard ratios of all-cause mortality and premature mortality according to hypertension categories by Chinese Hypertension League (CHL) and European
Society of Cardiology (ESC)/European Society of Hypertension (ESH) and American College of Cardiology (ACC)/American Heart Association (AHA) definitions®P.

N Death or Incidence rate Model 1* Model 2r Model 3*
premature per 1,000
Person-years HR 95%CI HR 95%Cl HR 95%Cl
ALL-CAUSE MORTALITY
CHL?
Normal 18,400 1,113 5.75 Reference Reference Reference
Hypertension 4,663 560 16.10 1.35 1.21-1.50 1.49 1.33-1.69 1.65 1.45-1.87
P for trend <0.001 <0.001 <0.001
CHL?
Normal 10,229 574 4,98 Reference Reference Reference
High Normal 8,171 539 6.90 1.03 0.92-1.16 1.05 0.90-1.21 1.12 0.97-1.30
Grade 1 Hypertension 3,453 330 12.91 117 1.02-1.35 1.31 1.11-1.54 1.49 1.26-1.77
Grade 2 Hypertension 833 140 22.05 1.61 1.33-1.95 1.78 1.45-2.20 2.07 1.66-2.57
Grade 3 Hypertension 377 90 31.38 2.35 1.87-2.96 2.46 1.92-3.15 2.96 2.30-3.81
P for trend <0.001 <0.001 <0.001
ACC/AHAP
Normal 12,258 716 5.33 Reference Reference Reference
Hypertension 10,805 957 10.18 1.15 1.04-1.27 1.28 1.14-1.44 1.39 1.23-1.57
P for trend <0.001 <0.001 <0.001
ACC/AHAP
Normal 10,229 574 4.98 Reference Reference Reference
Elevated 2,029 142 7.50 1.1 0.92-1.33 1.03 0.82-1.30 1.08 0.86-1.35
Grade 1 Hypertension 6,801 427 6.87 0.99 0.88-1.13 1.06 0.91-1.23 1.14 0.97-1.33
Grade 2 Hypertension 4,004 530 16.68 1.42 1.25-1.60 1.56 1.35-1.80 1.78 1.54-2.07
P for trend <0.001 <0.001 <0.001
PREMATURE DEATHC
CHL?
Normal 18,400 865 4.47 Reference Reference Reference
Hypertension 4,663 374 10.75 1.40 1.23-1.59 1.67 1.36-1.82 1.75 1.60-2.04
P for trend <0.001 <0.001 <0.001
CHL?
Normal 10,229 463 4.02 Reference Reference Reference
High Normal 8,171 402 5.15 1.08 0.90-1.18 1.01 0.85-1.21 1.10 0.92-1.32
Grade 1 Hypertension 3,453 218 8.53 1.18 0.99-1.40 1.33 1.09-1.62 1.54 1.25-1.89
Grade 2 Hypertension 833 87 13.70 1.60 1.26-2.04 1.71 1.31-2.24 2.01 1.52-2.66
Grade 3 Hypertension 377 69 24.06 2.90 2.23-3.76 3.06 2.31-4.07 3.76 2.81-6.04
P for trend <0.001 <0.001 <0.001
ACC/AHA®
Normal 12,258 561 4.18 Reference Reference Reference
Hypertension 10,805 678 7.22 1.18 1.05-1.33 1.33 1.15-1.53 1.46 1.26-1.69
P for trend <0.001 <0.001 <0.001
ACC/AHA®
Normal 10,229 463 4.02 Reference Reference Reference
Elevated 2,029 98 5.18 1.03 0.83-1.29 0.90 0.68-1.21 0.96 0.71-1.28
Grade 1 Hypertension 6,801 322 5.18 1.01 0.87-1.17 1.05 0.88-1.26 1.156 0.95-1.38
Grade 2 Hypertension 4,004 356 11.20 1.47 1.27-1.71 1.62 1.36-1.93 1.89 1.58-2.28
P for trend <0.001 <0.001 <0.001

aCHL classification of blood pressure: normal BP (untreated SBP <120 mmHg and DBP <80 mmHg); high normal BP (untreated SBP 120-149 mmHg and/or DBP 80-89 mmHg);
Grade 1 hypertension (SBP 140-159 mmHg and/or DBP 90-99 mmHg); Grade 2 hypertension (SBP 160-179 mmHg and/or DBP 100-109 mmHg); Grade 3 hypertension (SBP >180
mmHg and/or DBP >110).
b2017 ACC/AHA classification of blood pressure: Normal BP (untreated SBP <120 mmHg and DBP <80 mmHg); elevated BP (untreated SBP 120~129 mmHg and/or DBP <80
mmHg); Grade 1 hypertension (SBP 130-139 mmHg and/or DBP 80-89 mmHg); Grade 2 hypertension (SBP >140 mmHg and/or DBP =90 mmHg).
¢Premature death is defined as deaths before the age of 73.64 years in men and 79.43 years in women.
"Model 1: adjusted for age, gender.

Model 2: adjusted for age, gender, educational level, marital status, whether rural residents, history of drinking, or smoking.
*Model 3: adjusted for age, gender, educational level, marital status, whether rural residents, history of drinking or smoking, body mass index, previous history of diabetes mellitus, CVD,
or cancer.
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glucose or lipid level, or nutraceuticals, which have been reported
to be associated with participants’ health outcomes, were not
collected in the CHNS study, thus, we could not include them in
our analysis. However, we assessed our estimates by adding the
variable sequentially and found that they were insensitive to the
variables included.

CONCLUSION

In summary, our study indicated a high degree of concordance
between CHL and ACC/AHA guidelines in terms of hypertension
status and antihypertensive treatment recommendations.
Moreover, this study provided evidence of attenuated mortality
risk from hypertension and non-significant risk from newly
defined Grade 1 hypertension by ACC/AHA.

Therefore, we should pay more attention to the impact
of the 2017 ACC/AHA guidelines and carefully consider the
need to increase the appropriate use of antihypertensive
medication  to  reduce  hypertension-related  burden
in China.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available upon application. The two public-access study
data can be downloaded from http://charls.pku.edu.cn/index/
en.html (For CHARLS) and https://www.cpc.unc.edu/projects/
china (for CHNS).

REFERENCES
1. Whelton PK, Carey  RM, Aronow WS, Casey  DE
Jr.,  Collins K], Dennison Himmelfarb C, 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
Task Force on Clinical Practice Guidelines. Hypertension.
71:1269-324. doi: 10.1161/HYP.0000000000000066

2. Joint Committee for Guideline Revision. 2018 Chinese guidelines

Association
(2018)

for prevention and treatment of hypertension—a report of
the Revision Committee of Chinese Guidelines for Prevention
and Treatment of Hypertension. ] Geriatr  Cardiol.  (2019)

16:182-241. doi: 10.11909/j.issn.1671-5411.2019.03.014

3. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al.
2018 ESC/ESH guidelines for the management of arterial hypertension. Eur
Heart J. (2018) 39:3021-104. doi: 10.1093/eurheartj/ehy339

4. Jiao Y, Sun Z, Xie Y, Zheng ], Li Z, Guo X, et al. Potential impacts
of the 2017 American College of Cardiology/American Heart Association
high blood pressure guideline on Chinese adults and how to address
them. BMC Cardiovasc Disord. (2020) 20:237. doi: 10.1186/s12872-020-015
23-z

5. KheraR,LuY,Lu]J, Saxena A, Nasir K, Jiang L, 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. doi: 10.1136/bmj.k2357

6. Muntner P, Carey RM, Gidding S, Jones DW, Taler SJ, Wright
JT Jr, et al. Potential US population impact of the 2017

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Xi'an Jiaotong University Health Science Center.
The patients/participants provided their written informed
consent to participate in the CHARLS and CHNS study.

AUTHOR CONTRIBUTIONS

KC was responsible for drafting the article and for the overall
content. HS and QW assisted with the drafting and revision of
the article. RS, FY, JY, XY, RQ, ZZ, and ZH provided inputs to
the study concept and design, critically reviewed the results of
analyses, and reviewed and contributed significantly to article
revision. CL and ZW performed the statistical analyses. TC and
CL provided full access to the study data as well as study oversight
and article revision. All authors contributed to the article and
approved the submitted version.

ACKNOWLEDGMENTS

We thank all study participants for their participation in
CHARLS and CHNS. This analysis is partially supported by the
National Natural Science Foundation of China (No. 81803264).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.
2022.784433/full#supplementary-material

ACC/AHA  high blood pressure guideline. Circulation.
137:109-18. doi: 10.1161/CIRCULATIONAHA.117.032582

7. Wang Z, Chen Z, Zhang L, Wang X, Hao G, Zhang Z, et
al. Status of hypertension in China: results from the China
hypertension  survey, 2012-2015.  Circulation.  (2018)  137:2344-
56. doi: 10.1161/CIRCULATIONAHA.117.032380

8. Liu N, Yang JJ, Meng R, Pan XF, Zhang X, He M, et al. Associations of blood
pressure categories defined by 2017 ACC/AHA guidelines with mortality in
China: pooled results from three prospective cohorts. Eur J Prev Cardiol.
(2020) 27:345-54. doi: 10.1177/2047487319862066

9. McEvoy JW, Daya N, Rahman F, Hoogeveen RC, Blumenthal RS, Shah AM,
et al. Association of isolated diastolic hypertension as defined by the 2017
ACC/AHA blood pressure guideline with incident cardiovascular outcomes.
JAMA. (2020) 323:329-38. doi: 10.1001/jama.2019.21402

10. Atasoy S, Johar H, Peters A, Ladwig KH. Association of hypertension cut-off
values with 10-year cardiovascular mortality and clinical consequences: a real-
world perspective from the prospective MONICA/KORA study. Eur Heart J.
(2019) 40:732-8. doi: 10.1093/eurheartj/ehy694

11. Talaei M, Hosseini N, Koh AS, Yuan JM, Koh WP. Association of
“elevated blood pressure” and “stage 1 hypertension” with cardiovascular
mortality among an Asian population. | Am Heart Assoc. (2018)
7:€008911. doi: 10.1161/JAHA.118.008911

12. Yano Y, Reis JP, Colangelo LA, Shimbo D, Viera AJ, Allen NB, 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-
82. doi: 10.1001/jama.2018.13551

13. Norheim OF Jha P, Admasu K, Godal T, Hum RJ, Kruk ME, et al.
Avoiding 40% of the premature deaths in each country, 2010-30: review of

(2018)

Frontiers in Cardiovascular Medicine | www.frontiersin.org

February 2022 | Volume 9 | Article 784433


http://charls.pku.edu.cn/index/en.html
http://charls.pku.edu.cn/index/en.html
https://www.cpc.unc.edu/projects/china
https://www.cpc.unc.edu/projects/china
https://www.frontiersin.org/articles/10.3389/fcvm.2022.784433/full#supplementary-material
https://doi.org/10.1161/HYP.0000000000000066
https://doi.org/10.11909/j.issn.1671-5411.2019.03.014
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1186/s12872-020-01523-z
https://doi.org/10.1136/bmj.k2357
https://doi.org/10.1161/CIRCULATIONAHA.117.032582
https://doi.org/10.1161/CIRCULATIONAHA.117.032380
https://doi.org/10.1177/2047487319862066
https://doi.org/10.1001/jama.2019.21402
https://doi.org/10.1093/eurheartj/ehy694
https://doi.org/10.1161/JAHA.118.008911
https://doi.org/10.1001/jama.2018.13551
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Chen et al.

ACC/AHA Versus Chinese BP Guidelines

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

national mortality trends to help quantify the UN sustainable development
goal for health. Lancet. (2015) 385:239-52. doi: 10.1016/S0140-6736(14)6
1591-9

He J, Gu D, Chen ], Wu X, Kelly TN, Huang J-F, et al. Premature deaths
attributable to blood pressure in China: a prospective cohort study. Lancet.
(2009) 374:1765-72. doi: 10.1016/s0140-6736(09)61199-5

Muller DC, Murphy N, Johansson M, Ferrari P, Tsilidis KK, Boutron-
Ruault MC, et al. Modifiable causes of premature death in middle-age in
Western Europe: results from the EPIC cohort study. BMC Med. (2016)
14:87. doi: 10.1186/s12916-016-0630-6

Nalini M, Oranuba E, Poustchi H, Sepanlou SG, Pourshams A,
Khoshnia M, et al. Causes of premature death and their associated
risk factors in the Golestan Cohort Study, Iran. BMJ] Open. (2018)
8:¢021479. doi: 10.1136/bmjopen-2018-021479

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

Popkin BM, Du S, Zhai E Zhang B. Cohort profile: the China Health
and Nutrition Survey-monitoring and understanding socio-economic and
health change in China, 1989-2011. Int ] Epidemiol. (2010) 39:1435-
40. doi: 10.1093/ije/dyp322

Lv YB, Gao X, Yin ZX, Chen HS, Luo JS, Brasher MS, et al. Revisiting
the association of blood pressure with mortality in oldest old people
in China: community based, longitudinal prospective study. BMJ. (2018)
361:k2158. doi: 10.1136/bmj.k2158

Murakami Y, Hozawa A, Okamura T, Ueshima H, Evidence for Cardiovascular
Prevention from Observational Cohorts in Japan Research Group
(EPOCH-JAPAN). Relation of blood pressure and all-cause mortality
in 180,000 Japanese participants: pooled analysis of 13 cohort studies.
Hypertension. (2008) 51:1483-91. doi: 10.1161/HYPERTENSIONAHA.107.10
2459

National Bureau of Statistics of China. China Statistics Yearbook. Beijing:
China Statistics Press (2019).

Martinez R, Soliz P, Caixeta R, Ordunez P. Reflection on modern
methods: years of life lost due to premature mortality-a versatile and
comprehensive measure for monitoring non-communicable disease
mortality. Int ] Epidemiol. (2019) 48:1367-76. doi: 10.1093/ije/d
yy254

Kibria GMA, Swasey K, Choudhury A, Burrowes V, Stafford KA, Uddin
SMI, et al. The new 2017 ACC/AHA guideline for classification of
hypertension: changes in prevalence of hypertension among adults in
Bangladesh. ] Hum Hypertens. (2018) 32:608-16. doi: 10.1038/s41371-018-
0080-z

Lee JH, Kim SH, Kang SH, Cho JH, Cho Y, Oh IY, et al. Blood pressure control
and cardiovascular outcomes: real-world implications of the 2017 ACC/AHA
hypertension guideline. Sci Rep. (2018) 8:13155. doi: 10.1038/s41598-018-
31549-5

25. Muntner P, Whelton PK, Woodward M, Carey RM. A comparison of the
2017 American College of Cardiology/American Heart Association Blood
Pressure Guideline and the 2017 American Diabetes Association Diabetes and
Hypertension Position Statement for U.S. Adults with Diabetes. Diabetes Care.
(2018) 41:2322-9. doi: 10.2337/dc18-1307

26. Liu L, Wang B, Liu X, Ren Y, Zhao Y, Liu D, et al. Sex-specific association of
blood pressure categories with all-cause mortality: the rural Chinese Cohort
Study. Prev Chronic Dis. (2020) 17:190131. doi: 10.5888/pcd17.190131

27. Miura K, Daviglus ML, Dyer AR, Liu K, Garside DB, Stamler J, et al.
Relationship of blood pressure to 25-year mortality due to coronary heart
disease, cardiovascular diseases, and all causes in young adult men: the
Chicago Heart Association Detection Project in Industry. Arch Intern Med.
(2001) 161:1501-8. doi: 10.1001/archinte.161.12.1501

28. Song Y, Wu S, Liu X, Qi X. Association of systolic blood pressure levels
with cardiovascular and cerebrovascular events and all-cause mortality:
a result from the Kailuan study. Blood Press Monit. (2016) 21:149-
54. doi: 10.1097/MBP.0000000000000181

29. Sundstrom J, Neovius M, Tynelius P, Rasmussen F. Association of blood
pressure in late adolescence with subsequent mortality: cohort study of
Swedish male conscripts. BMJ. (2011) 342:d643. doi: 10.1136/bmj.d643

30. Sepanlou SG, Sharafkhah M, Poustchi H, Malekzadeh MM, Etemadi A,
Khademi H, et al. Hypertension and mortality in the Golestan Cohort Study:
a prospective study of 50 000 adults in Iran. ] Hum Hypertens. (2016)
30:260-7. doi: 10.1038/jhh.2015.57

31. Guo X, Zhang X, Zheng L, Guo L, Li Z, Yu S, et al. Prehypertension
is not associated with all-cause mortality: a systematic
and meta-analysis of prospective studies. PLoS ONE.
8:61796. doi: 10.1371/journal.pone.0061796

review
(2013)

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Chen, Su, Wang, Wu, Shi, Yu, Yan, Yuan, Qin, Zhou, Hou, Li
and Chen. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

February 2022 | Volume 9 | Article 784433


https://doi.org/10.1016/S0140-6736(14)61591-9
https://doi.org/10.1016/s0140-6736(09)61199-5
https://doi.org/10.1186/s12916-016-0630-6
https://doi.org/10.1136/bmjopen-2018-021479
https://doi.org/10.1093/ije/dys203
https://doi.org/10.1093/ije/dyp322
https://doi.org/10.1136/bmj.k2158
https://doi.org/10.1161/HYPERTENSIONAHA.107.102459
https://doi.org/10.1093/ije/dyy254
https://doi.org/10.1038/s41371-018-0080-z
https://doi.org/10.1038/s41598-018-31549-5
https://doi.org/10.2337/dc18-1307
https://doi.org/10.5888/pcd17.190131
https://doi.org/10.1001/archinte.161.12.1501
https://doi.org/10.1097/MBP.0000000000000181
https://doi.org/10.1136/bmj.d643
https://doi.org/10.1038/jhh.2015.57
https://doi.org/10.1371/journal.pone.0061796
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Similarities in Hypertension Status but Differences in Mortality Risk: A Comparison of 2017 ACC/AHA and 2018 Chinese Hypertension Guidelines
	Introduction
	Methods
	Study Populations
	BP Measurement and Definition
	Mortality
	Assessment of Covariables
	Statistical Analysis

	Results
	Percentage and Number of Hypertension, Recommended Initiating Antihypertensive Medication, Above-The-Goal BP Defined by Chinese and ACC/AHA Guidelines
	Baseline Information of Participants Included in CHNS Study
	Associations Between Hypertension Categories and Mortality

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


