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Abstract: The Eighth Joint National Committee (JNC-8) panel

recently recommended a systolic blood pressure (BP) threshold of

�150 mmHg for the initiation of drug therapy and a therapeutic target

of <150/90 mmHg in patients �60 years of age. However, results from

some post-hoc analysis of randomized controlled trials and observa-

tional studies did not support these recommendations.

In the prospective cohort study, 5006 eligible hypertensive patients

aged �60 years from rural areas of China were enrolled for the present

analysis.

The association between the average follow-up BP and outcomes

(all-cause and cardiovascular death, incident coronary heart disease

[CHD], and stroke), followed by a median of 4.8 years, were

evaluated using Cox proportional hazards models adjusting for other

potential confounders. The relationship between BP (systolic or

diastolic) showed an increased or J-shaped curve association with

adverse outcomes. Compared with the reference group of BP <140/

90 mmHg, the risk of all-cause death (hazard ratio [HR]: 2.698; 95%

confidence interval [CI]: 1.989–3.659), cardiovascular death

(HR: 2.702; 95% CI: 1.855–3.935), incident CHD (HR: 3.263;

95% CI: 2.063–5.161), and stroke (HR: 2.334; 95% CI: 1.559–

3.945) was still significantly increased in the group with BP of

140–149/<90 mmHg.

Older hypertensive patients with BP of 140–149/<90 mmHg were

at higher risk of developing adverse outcomes, implying that lenient
, MD, Xingang Zh i Hu, MD, PhD,
n, MD, PhD

(Medicine 94(39):e1551)

Abbreviations: BP = blood pressure, CHD = coronary heart

disease, CI = confidence interval, CVD = cardiovascular disease,

DBP = diastolic blood pressure, HR = hazard ratio, JNC-8 = the
trial, SBP = systolic blood pressure.

INTRODUCTION

H ypertension is an important modifiable risk factor for
cardiovascular disease (CVD) and all-cause mortality in

the Chinese population.1 During recent decades, a number of
randomized controlled trials (RCTs) have supported the
benefits of antihypertensive medication on reducing the inci-
dence of CVD among the elderly.2–5

Recently, the Eighth Joint National Committee (JNC-8)
panel members suggested that hypertensive patients�60 years
of age with a systolic blood pressure (SBP) of �150 mmHg
should initiate the drug therapy and the optimal blood pressure
(BP) goal should be of<150/90 mmHg. The recommendations
claim that ‘‘setting a goal SBP of <140 mmHg in this age
group provides no additional benefit compared with a goal
SBP of 140 to 160 mmHg or 140 to 149 mmHg.’’6 However,
some JNC-8 panel members (5 of 17) disagreed with this
standpoint.7 In addition, the 2013 European Society of Hy-
pertension/European Society of Cardiology guidelines for the
management of hypertension8 also recommended that the
therapeutic target of SBP should be of 140 to 150 mmHg in
elderly hypertensive aged �80 years with SBP �160 mmHg.8

Experts have also put emphasis on the comment that the data
making definitive recommendations on targeted BP levels in
the elderly is very limited.9–12 Furthermore, results from some
post-hoc analysis of RCTs and observational studies did not
support the recommendations.13–15 The RCTs to provide
definitive evidence on the optimal BP target for elderly
hypertensive patients are few and the optimal BP goal among
the elderly remains controversial.2,3,16,17

Furthermore, the majority of evidence used as the basis for
the management of hypertension is obtained from RCTs, and
these results are limited in their application to the general
patients due to the strict inclusion and exclusion criteria. The
‘‘real-world’’ effects from RCTs should be validated using
large-scale observational epidemiological studies. Therefore,
tative cohort hypertensive sample aged
s of China to investigate the relationship
se outcomes.
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METHODS

Study Population and Study Design
This is a large-scale epidemiological prospective study. A

multistage, random cluster sampling design was performed to
select a representative sample of the rural population aged �35
years from 84 rural villages in Liaoning Province from 2004 to
2006. The detailed methodology was described elsewhere.18 In
2008 and 2010, all subjects were invited to participate in the
biennial follow-up study. Of the 45,925 subjects at baseline,
3579 were not included in the follow-up study due to lack of
contact information. Overall, 42,346 aged�35 years at baseline
examination were deemed eligible to participate in the follow-
up study. From this population, a total of 39,845 (94.1%) study
participants (or their guardians) were identified and agreed to be
interviewed as a part of the follow-up study. The 6080 subjects
who were lost to follow-up relative to the participants who have
completed the follow-up study (n¼ 39,845) have the older age
(median: 52.0 versus 50.2 years; P< 0.001), higher SBP
(median: 134 versus 131 mmHg; P< 0.001) and diastolic BP
(DBP) (median: 85 versus 82 mmHg; P< 0.001), and were
more likely to be female (53.0% versus 50.1%; P< 0.001).
For the present study, no-hypertensive subjects (n¼ 24,304) and
baseline age<60 years (n¼ 30,760) at baseline were excluded,
leaving 5066 data from hypertensive patients aged �60 years at
baseline for the present analysis.

Ethical Approval, Informed Consent, and Patient
Privacy

The research protocol was approved by China Medical
University Research Ethics Committee and written informed
consent was formally obtained from all subjects or their guar-
dians. We explained the contents of informed consent to sub-
jects who agreed to participate the present study which included
the purpose of the study, confidentiality agreement of personal
information, and medical items. We did not include the personal
information and patient’s identity with the other data. Only the
principal investigator had access to this information. No refer-
ence to the patient’s identity was made at any stage during data
analysis or in the paper.

Data Collection and Physical Examinations at
Baseline

At baseline examination, all participants were recruited
and examined at a single clinic visit by their local doctors in
their geographical area of origin from 2004 to 2006. There was a
central steering committee in place to run the study, with an
independent subcommittee for quality control. With the help of
health bureau of local governments, we recruited strictly the
local doctors who were willing to become investigators and
were physicians who had at least 3 years of experience. Before
the survey was performed, all the eligible doctors were invited
to attend an organized training and certification process in Fuxin
County. Our research staff trained the local doctors by way of
lecture, role playing, and simulation training. The training
content included the purpose of this study, how to administer
the questionnaire, standard methods of measurement, the
importance of standardization, and study procedures. A strict
test which composed of written examination and standard
operation evaluation was conducted after the training. Only

Zheng et al
those who scored perfectly (the simulation test error rate -
¼ number of mistaken items/number of total items <2%) on
the test and mastered soundly the main points of standard
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operations such as BP measurements and physical examinations
were recruited become investigators. A total of 98 local eligible
doctors were invited to participate in the research, and 96 of
them passed the test. For 24 doctors came from the same village
(2 doctors per 1 village), those who scored higher was the final
investigator in the village. Finally, a total of 84 local doctors
from 84 rural villages (one doctor per one village) who received
strict training and passed the assessment became the investi-
gators. During data collection, the research staff continued
monitoring the doctors and their performance, even after the
considerable initial training.

Data on demographic variables (age, sex, and ethnicity),
smoking status, use of alcohol, information on duration of
hypertension, antihypertensive medications, lipid-lowering
drug use, and history of stroke and coronary heart disease
(CHD) at baseline were obtained by interviews with a standard
epidemiological questionnaire. Drinking status was assessed by
alcohol consumption which defined as the weekly consumption
of beer, wine, and hard liquor converted into grams of alcohol.
Alcohol drinker was defined as alcohol consumption at least 8 g
per week during the last year. Current smoking was defined as
people who smoked at least 1 cigarette every day and continued
for at least 1 year. Smoking was assessed as a part of the
questionnaire. The individuals were asked whether they cur-
rently smoked or not (Do you smoke currently?). Body weight
and height were measured with subjects wearing light clothing
and without shoes according to a standard protocol. History of
stroke or CHD at baseline was positive if a stroke or CHD was
reported during the baseline interview and confirmed by
medical records. Body mass index (BMI) was calculated by
the weight in kilograms divided by height in square meters.
Diabetes and hypercholesterolemia were defined according to
self-report or medical records.

BP Measurements at Baseline
BP was measured using a standardized automatic

electronic sphygmomanometer (HEM-741C; Omron, Tokyo,
Japan) and 1 of 4 cuff sizes (pediatric, regular adult, large,
or thigh) chosen based on the basis of arm circumference. A
trained and certified observer used an American Heart Associ-
ation protocol to perform 3 BP measurements after study
participants had been seated quietly for 5 minutes. Participants
were instructed to avoid alcohol consumption, cigarette smok-
ing, coffee/tea, and exercise for at least 30 minutes before these
measurements. The mean of 3 BP values was calculated and
used for all subsequent analysis. The terminal digit preference
was used as an indicator of quality control for BP measurements
in the present study. Participants with hypertension at baseline
were defined as they had an average SBP �140 mmHg, and/or
an average DBP �90 mmHg, and/or use of antihypertensive
medications within the previous 2 weeks.

Follow-Up
All study subjects were invited to attend the biennially

follow-up study: from January to June 2008; and from July to
October 2010. At each visit, we collected the information on
clinical end points, adverse events, and concurrent medication
use. During each visit, BP measurements were taken and
recorded according to a standard protocol identical to that of
the baseline examination. For the present analysis, we used all
postbaseline BP measurements to calculate the average follow-
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up SBP and DBP for each patient. The baseline value was
substituted for patients without postbaseline BP data. We then
evaluated the risk of study outcomes according to BP.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



SPSS statistical software version 13.0 (SPSS Inc., Chicago, IL).
Study Outcomes
The present study outcomes included all-cause mortality,

CVD mortality, incident stroke, and CHD. Deaths were ident-
ified through hospital records and by directly contact with their
families. Using the International Classification of Diseases, 9th
Revision, Clinical Modification, deaths due to CVD were
assigned a code from 400 through 444 including CHD, stroke,
and others. We confirmed that death from CVD on the basis of
autopsy reports, death certificates, medical record abstract, or
information obtained from family members.

Stroke was defined according to the WHO Multinational
Monitoring of Trends and Determinants in Cardiovascular
Disease criteria: a sudden onset of focal (or global) disturbance
of cerebral function lasting >24 hours (unless interrupted by
surgery or death) with no apparent nonvascular cause. The
definition included patients presenting with clinical signs and
symptoms suggestive of complete stroke, including ischemic
stroke and hemorrhage stroke. Transient ischemic attacks and
silent brain infarctions (cases without clinical symptoms or
signs) were not included; neither were events associated with
trauma, blood disease, or malignancy. Most stroke cases
(n¼ 479, 97.6%) were diagnosed by computed tomography,
magnetic resonance imaging (including diffusion image), mag-
netic resonance angiography of the brain, and carotid duplex
imaging. CHD was defined as myocardial infarction, angina
pectoris of which patients received treatment in hospital for
ischemic discomfort and diagnose by coronary angiography,
coronary revascularization, and sudden death. Coronary
revascularization was achieved when a patient underwent per-
cutaneous coronary intervention (eg, angioplasty, stenting,
atherectomy, and laser ablation) or coronary artery bypass graft.
The information was obtained from direct reference to medical
records by a single investigator.

All materials were independently reviewed by the end-
point assessment committee which included the certified
neurologists, cardiologists, and others. All members of the
end-point assessment committee were blinded to the study
participants’ baseline risk factor information.

Statistical Analysis
Continuous variables were presented as means and stan-

dard deviation, while categorical variables were expressed as
percentages. BP values were categorized (SBP, 10 mmHg incre-
ments; and DBP, 5 mmHg increments) to study the association
between BP and adverse outcomes. Patients groups were com-
pared by x2 tests for categorical variables or one-way analysis of
variance for continuous variables, which followed by the least
significant difference test for subgroup comparisons. The rates
of events were presented as the number of events per 1000
patient-years, based on the ratio of the number of events
observed to the total number of patient-years of exposure up
to the terminating event or censor.

The decision to use the average BP during follow-up was
based on the following: we created 2 separate adjusted models
using baseline BP and average follow-up BP. We used Harrell
concordance index (C index) to calculate the predictive value
for each model and compared them using bootstrapping.19

Because the predictive value of models with average follow-
up BP (eg, all-cause mortality, 0.702 for SBP and 0.589 for
DBP) was significantly better than that of baseline BP (eg, all-
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cause mortality, 0.564 for SBP and 0.528 for DBP) models, all
subsequent mentioning of BP relates to average follow-up BP
and not to baseline BP.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
We used multivariable Cox proportional hazards models to
calculate hazard ratio (HR) with 95% confidence intervals (CIs)
for the associations between BP categories and incident events,
with the BP category in which the actual event rate was lowest
as the reference group. The SBP and DBP were entered the
multivariable models separately. We constructed 2 models: in
model 1, we adjusted for baseline age and sex; and in model 2,
we adjusted for sex, baseline age, Mongolian ethnicity, body
mass index, smoking, drinking, antihypertensive treatment,
prior CHD, prior stroke, and self-reported history of diabetes
and hypercholesterolemia. Next, we divided patients into 3
groups based on BP (�150/90 mmHg, 140–149/<90 mmHg,
and <140/90 mmHg) and repeated the multivariable models,
with the <140/90 mmHg category as the reference group. The
proportionality assumption was evaluated by scaled Schoenfeld
residuals, and the global fit of the models was evaluated by
graphically examining the cumulative hazards function relative
to the Cox-Snell residuals. All analyses were performed using

Blood Pressure With Mortality and Cardiovascular Events
A P value less than 0.05 was accepted as indicating
statistical significance.

RESULTS
The average baseline age of the study hypertensive patients

was 69.5 years (range: 60–95 years) and there were 2571
(51.4%) women. The mean (standard deviation) of baseline
DBP and SBP were 91.7 (12.9) mmHg and 162.5 (21.3) mmHg,
respectively. At baseline, 28.8% of study hypertensive patients
were receiving antihypertensive medications. Other baseline
demographics as well as con-concomitant medications were
indicated in Tables 1 and 2. Tables 1 and 2 also show baseline
characteristics of study patients categorized by average SBP and
DBP ranges during follow-up, respectively. Patients with lower
mean SBP were more likely to be younger, male, and to have a
lower proportion of prior history of stroke (all P< 0.05).
Patients with lower mean DBP were leaner, and to have a
lower proportion of history of CHD (all P< 0.05).

After a median 4.8 years (range: 1.2–6.5 years) of follow-
up and 20,916 person-years of observation, there were 776
deaths and 536 of them attributed to CVD. Mortality from all-
cause and CVD were 37.10 (95% CI, 34.54–39.66) and 25.63
(95% CI, 23.48–27.77) per 1000 patient-years, respectively.
Meanwhile, 491 incident stroke and 278 incident CHD cases
occurred during the follow-up period and the incident rates of
stroke and CHD were 23.47 (95% CI, 21.42–25.53) and 13.29
(95% CI, 11.74–14.84) per 1000 patient-years, respectively.

Table 3 shows the rates and HRs (95% CI) of all-cause
mortality, CVD mortality, incident CHD, and stroke according
to SBP categories. As expected, there was direct correlation
between average SBP and incident events. After adjusted by sex
and baseline age, patients with SBP of 160 mmHg versus SBP
<130 mmHg had HRs of 4.922 (95% CI, 3.662–6.615) for all-
cause mortality, 5.143 (95% CI, 3.596–7.356) for CVD
mortality, 4.637 (95% CI, 2.848–7.549) for incident CHD,
and 5.820 (95% CI, 3.876–8.740) for incident stroke, respect-
ively. In addition, compared with the reference group (SBP
<130 mmHg) after adjusted sex and baseline age, the risk of all-
cause mortality, CVD mortality, incident CHD, and stroke
increased 1.781-fold, 1.767-fold, 2.395-fold, and 2.232-fold

in the group with SBP of 140–149 mmHg, respectively. Further
adjustment for other baseline potential confounders hardly
attenuated the HRs.
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ated with a higher risk of all-cause and CVD mortality

TABLE 1. Baseline Characteristics and Demographic of 5006 Study Patients According to Mean Systolic BP Categories

Mean Systolic BP During Follow-Up, mmHg

Characteristics Total <130 130–139 140–149 150–159 �160 P
�

Number 5006 731 1034 1130 870 1241

Age, years 69.5� 7.0 69.0� 7.0y 69.1� 7.1y 69.3� 6.8y 69.5� 6.6y 70.3� 7.2z,§,jj,� <0.001
Women, n, % 2571 (51.4) 435 (59.5) 559 (54.1) 558 (49.4) 451 (51.8) 568 (45.8) <0.001

Mongolian ethnicity, n, % 1104 (22.1) 159 (21.8) 250 (24.2) 260 (23.0) 190 (21.8) 245 (19.7) 0.187

Current smoking, n, % 2054 (41.0) 287 (39.3) 428 (41.4) 511 (45.2) 348 (40.0) 480 (38.7) 0.014

Current drinking, n, % 1255 (25.1) 152 (20.8) 261 (25.2) 315 (27.9) 231 (26.6) 296 (23.9) 0.008

Body mass index, kg/m2 22.8� 3.5 22.6� 3.9y,z 22.5� 3.3y,z,§ 22.9� 3.5jj 23.1� 3.3jj,� 23.1� 3.5jj,� 0.119
Antihypertensive treatment, n, % 1441 (28.8) 166 (22.7) 224 (21.7) 269 (23.8) 274 (31.5) 508 (40.9) <0.001

Compound reserpine, n, % 710 (14.2) 89 (12.2) 117 (11.3) 131 (11.6) 137 (15.7) 236 (19.0) <0.001

ACEI, n, % 472 (9.4) 54 (7.4) 78 (7.5) 85 (7.5) 84 (9.7) 171 (13.8) <0.001

Calcium antagonist, n, % 142 (2.8) 18 (2.5) 23 (2.2) 22 (1.9) 31 (3.6) 48 (3.9) 0.022

Diuretic, n, % 31 (0.6) 5 (0.7) 2 (0.2) 5 (0.4) 7 (0.8) 12 (1.0) 0.159

Prior stroke, n, % 479 (9.6) 41 (5.6) 64 (6.2) 107 (9.5) 87 (10.0) 180 (14.5) <0.001

Prior CHD, n, % 459 (9.2) 62 (8.5) 84 (8.1) 98 (8.7) 90 (10.3) 125 (10.1) 0.312

Diabetes, n, %#
46 (0.9) 5 (0.7) 7 (0.7) 7 (0.6) 13 (1.5) 14 (1.1) 0.201

Hypercholesterolemia, n, %#
397 (7.9) 57 (7.8) 64 (6.2) 62 (5.5) 75 (8.6) 139 (11.2) <0.001

Baseline systolic BP, mmHg 162.5� 21.3 157.0� 21.4y,z,§ 157.5� 19.8y,z 158.9� 20.2y,z,� 162.7� 18.8y,§,jj,� 173.2� 21.2z,§,jj,� <0.001
Baseline diastolic BP, mmHg 91.7� 12.9 89.91� 12.2y,z 89.8� 12.3y,z 90.4� 12.1y 91.2� 12.4y,jj,� 95.8� 14.0z,§,jj,� <0.001

ACEI¼ angiotensin-converting enzyme inhibitor, BP¼ blood pressure, CHD¼ coronary heart disease.�
P values from x2 tests for categorical variables and analysis of variance for continuous variables.
yDiabetes and hypercholesterolemia defined as any self-reported history of diabetes and hypercholesterolemia.
zVeusus �160 mmHg: P< 0.05.
§ Veusus 150–159 mmHg: P< 0.05.
jjVeusus 140–149 mmHg: P< 0.05.
� Veusus 130–139 mmHg: P< 0.05.
#
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The association between DBP and the incidence and risk of
study outcomes followed a J-shaped curve, with an increased
event rate (all-cause and CVD mortality, incident CHD) at low
and high DBP (Table 4 and Figure 1) compared with the
reference group (BP >85–89 mmHg) after adjustment for
sex and baseline age, the risk of all-cause mortality, CVD
mortality, and incident CHD increased 1.490-fold, 1.469-fold,
and 1.665-fold in the group with DBP<85 mmHg and by 4.603-
fold, 4.723-fold, and 4.082-fold in the group with DBP
>100 mmHg, respectively. Compared with the reference group
(BP >85–89 mmHg), after adjusted by sex and baseline age,
patients with DBP of 100 mmHg, 95–99 mmHg, 90–94 mmHg,
and <85 mmHg had HRs of 4.357 (95% CI, 3.133–6.059),
3.099 (95% CI, 2.205–4.356), 2.108 (95% CI, 1.515–2.933),
and 1.322 (95% CI, 0.950–1.839) for incident stroke, respect-
ively. Further adjustment for other baseline potential confoun-
ders only changed the HRs slightly.

Next, we evaluated the association between joint distri-
bution of BP (systolic and diastolic) and study outcomes. In the
multivariable models adjusted by sex, baseline age and other
potential confounders, compared with the reference group of
BP< 140/90 mmHg, the risk of all-cause mortality (HR: 2.698;
95% CI: 1.989–3.659), CVD mortality (HR: 2.702; 95% CI:
1.855–3.935), incident CHD (HR: 3.263; 95% CI: 2.063–
5.161), and stroke (HR: 2.334; 95% CI: 1.559–3.945) was
increased in the group with BP of 140–149/<90 mmHg. Com-
pared with the reference group (BP< 140/90 mmHg), the risk of

Veusus <130 mmHg: P< 0.05.
all-cause mortality, CVD mortality, incident CHD, and stroke
increased 3.882-fold (95% CI: 3.077–4.897), 4.026-fold (95%
CI: 3.027–5.355), 3.439-fold (95% CI: 2.384–4.960), and
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3.836-fold (95% CI: 2.859–5.147) in the group with BP of
>150/90 mmHg, respectively.

Table 5 shows the HRs of other associated factors for
adverse study outcomes. In the multivariable-adjusted model,
women were observed to have the HRs of 0.608 (95% CI,
0.519–0.712) for all-cause mortality, 0.607 (95% CI, 0.503–
0.733) for CVD mortality, and 0.520 (95% CI, 0.424–0.637) for
stroke, respectively. Increasing age was also noted to be sig-
nificantly associated with all-cause mortality (HR, 1.619), CVD
mortality (HR, 1.698), incident CHD (HR, 1.593), and stroke
(HR, 1.352), respectively. Mongolian ethnicity was also associ-
(P< 0.05). No violations of the Cox proportional hazards
assumption were observed.

DISCUSSION
The main findings of the present study is the positive

association for average SBP and J-curve association for average
DBP during follow-up and risk of all-cause and CVD mortality,
incident CHD, and stroke in hypertensive patients aged �60
years in rural areas of China. Additionally, this study demon-
strated that the group with the BP of 140–149/<90 mmHg was
associated with an increased risk of all-cause and CVD
mortality, incident CHD, and stroke compared with the group
with BP <140/90 mmHg.

In 2014, the JNC-8 panel concluded that the BP threshold

and target for treatment in patient �60 years of age should be
150/90 mmHg rather than 140/90 mmHg, based on the RCT
data available at that time.9,20–22 They considered this

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Mean Systolic BP During Follow-Up and Adverse Outcomes

Mean Systolic BP During Follow-Up, mmHg

<130 (n¼ 731) 130–139 (n¼ 1034) 140–149 (n¼ 1130) 150–159 (n¼ 870) �160 (n¼ 1241)

Person-years 3250.4 4537.6 4818.1 3681.3 4628.4
All-cause mortality

Number of events 50 76 138 121 391
Incidence (Per 1000 person-years) 15.4 16.7 28.6 32.9 84.5

Model 1
�
, Hazard ratio (95% CI) Referent 1.032 (0.722–1.475) 1.781 (1.288–2.462) 2.020 (1.452–2.809) 4.922 (3.662–6.615)

Model 2y, Hazard ratio (95% CI) Referent 1.028 (0.719–1.469) 1.754 (1.268–2.427) 1.965 (1.411–2.735) 4.632 (3.440–6.238)
CVD mortality

Number of events 34 50 92 84 276
Incidence (Per 1000 person-years) 10.5 11.0 19.1 22.8 59.6

Model 1
�
, Hazard ratio (95% CI) Referent 1.004 (0.650–1.553) 1.767 (1.192–2.620) 2.084 (1.398–3.106) 5.143 (3.596–7.356)

Model 2y, Hazard ratio (95% CI) Referent 0.999 (0.646–1.545) 1.724 (1.162–2.558) 2.003 (1.343–2.989) 4.630 (3.229–6.638)
CHD

Number of events 19 28 64 49 118
Incidence (Per 1000 person-years) 5.8 6.2 13.3 13.3 25.5

Model 1
�
, Hazard ratio (95% CI) Referent 1.064 (0.594–1.907) 2.395 (1.434–4.001) 2.379 (1.399–4.045) 4.637 (2.848–7.549)

Model 2y, Hazard ratio (95% CI) Referent 1.076 (0.600–1.927) 2.384 (1.426–3.985) 2.289 (1.344–3.898) 4.352 (2.665–7.106)
Stroke

Number of events 26 49 90 89 237
Incidence (Per 1000 person-years) 8.0 10.9 19.1 24.8 52.7

Model 1
�
, Hazard ratio (95% CI) Referent 1.290 (0.802–2.076) 2.232 (1.442–3.455) 2.871 (1.854–4.446) 5.820 (3.876–8.740)

Model 2y, Hazard ratio (95% CI) Referent 1.289 (0.801–2.075) 2.130 (1.375–3.300) 2.686 (1.733–4.163) 5.078 (3.374–7.642)

BP¼ blood pressure, CI¼ confidence interval, CHD¼ coronary heart disease.�
Model 1: adjusted by sex and baseline age.
yModel 2: adjusted for sex, baseline age, Mongolian ethnicity, body mass index, smoking, drinking, antihypertensive treatment, prior CHD, prior

stroke, and self-reported history of diabetes and hypercholesterolemia.

TABLE 2. Baseline Characteristics and Demographic of 5006 Study Patients According to Mean Diastolic BP Categories

Mean Diastolic BP During Follow-Up, mmHg

Characteristics Total <85 85–89 90–94 95–99 �100 P
�

Number 5006 1722 942 1094 616 632

Age, years 69.5� 7.0 69.6� 7.1 69.5� 6.9 69.3� 6.8 69.5� 7.0 69.5� 6.9 0.865
Women, n, % 2571 (51.4) 962 (55.9) 474 (50.3) 539 (49.3) 306 (49.7) 290 (45.9) <0.001
Mongolian ethnicity, n, % 1104 (22.1) 363 (21.1) 212 (22.5) 235 (21.5) 159 (25.8) 135 (21.4) 0.190
Current smoking, n, % 2054 (41.0) 685 (39.8) 415 (44.1) 454 (41.5) 247 (40.1) 253 (40.0) 0.262
Current drinking, n, % 1255 (25.1) 423 (24.6) 259 (27.5) 266 (24.3) 157 (25.6) 150 (23.7) 0.383
Body mass index, kg/m2 22.8� 3.5 22.6� 3.5y,z,§,jj 22.9� 3.4� 22.9� 3.5� 23.2� 3.6� 23.0� 3.4� 0.003
Antihypertensive treatment, n, % 1441 (28.8) 402 (23.3) 214 (22.7) 310 (28.3) 249 (40.4) 266 (42.1) <0.001
Compound Reserpine, n, % 710 (14.2) 222 (12.9) 119 (12.6) 139 (12.7) 100 (16.2) 130 (20.6) <0.001
ACEI, n, % 472 (9.4) 147 (8.5) 66 (7.0) 97 (8.9) 71 (11.5) 91 (14.4) <0.001
Calcium antagonist, n, % 142 (2.8) 46 (2.7) 25 (2.7) 24 (2.2) 22 (3.6) 25 (4.0) 0.199
Diuretic, n, % 31 (0.6) 7 (0.4) 6 (0.6) 5 (0.5) 4 (0.6) 9 (1.4) 0.078
Prior stroke, n, % 479 (9.6) 101 (5.9) 74 (7.9) 126 (11.5) 76 (12.3) 102 (16.1) <0.001
Prior CHD, n, % 459 (9.2) 143 (8.3) 69 (7.3) 99 (9.0) 74 (12.0) 74 (11.7) 0.003
Diabetes, n, %#

46 (0.9) 12 (0.7) 11 (1.2) 10 (0.9) 6 (1.0) 7 (1.1) 0.765
Hypercholesterolemia, n, %#

397 (7.9) 113 (6.6) 53 (5.6) 82 (7.5) 64 (10.4) 85 (13.4) <0.001
Baseline systolic BP, mmHg 162.5� 21.3 158.9� 20.2y,z,§ 159.5� 19.4y,z,§ 162.3� 20.6y,z,jj,� 166.9� 21.3y,§,jj,� 173.0� 23.7z,§,jj,�

<0.001
Baseline diastolic BP (mmHg) 91.7� 12.9 88.2� 12.9y,z,§,jj 90.7� 11.6y,z,§,� 92.2� 11.5y,z,jj,� 94.4� 11.4y,§,jj,� 99.3� 14.5z,§,jj,�

<0.001

ACEI¼ angiotensin-converting enzyme inhibitor, BP¼ blood pressure, CHD¼ coronary heart disease.�
P values from x2 tests for categorical variables and analysis of variance for continuous variables.
yDiabetes and hypercholesterolemia defined as any self-reported history of diabetes and hypercholesterolemia.
zVeusus �100 mmHg: P< 0.05.
§ Veusus 95–99 mmHg: P< 0.05.
jjVeusus 90–94 mmHg: P< 0.05.
� Veusus 85–89 mmHg: P< 0.05.
# Veusus <85 mmHg: P< 0.05.
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TABLE 4. Mean Diastolic BP During Follow-Up and Adverse Outcomes

Mean Diastolic BP
During Follow-Up, mmHg

<85 (n¼ 1722) 85–89 (n¼ 942) 90–94 (n¼ 1094) 95–99 (n¼ 616) �100 (n¼ 632)

Person-years 7302.6 4131.3 4611.7 2590.8 2279.5
All-cause mortality

Number of events 224 88 157 104 203
Incidence (Per 1000 person-years) 30.7 21.3 34.0 40.1 89.1

Model 1
�
, Hazard ratio (95% CI) 1.490 (1.164–1.908) Referent 1.724 (1.328–2.239) 1.917 (1.444–2.547) 4.603 (3.581–5.916)

Model 2y, Hazard ratio (95% CI) 1.516 (1.184–1.942) Referent 1.669 (1.284–2.168) 1.799 (1.353–2.392) 4.138 (3.211–5.333)
CVD mortality
Person-years

Number of events 152 60 103 80 141
Incidence (Per 1000 person-years) 20.8 14.5 22.3 30.9 61.9

Model 1
�
, Hazard ratio (95% CI) 1.469 (1.089–1.981) Referent 1.671 (1.215–2.298) 2.164 (1.548–3.024) 4.723 (3.488–6.396)

Model 2y, Hazard ratio (95% CI) 1.493 (1.106–2.015) Referent 1.569 (1.140–2.160) 1.959 (1.400–2.742) 3.968 (2.920–5.393)
CHD

Number of events 93 32 58 36 59
Incidence (Per 1000 person-years) 12.7 7.7 12.6 13.9 25.9

Model 1
�
, Hazard ratio (95% CI) 1.665 (1.113–2.489) Referent 1.773 (1.151–2.731) 1.861 (1.156–2.997) 4.082 (2.650–6.290)

Model 2y, Hazard ratio (95% CI) 1.665 (1.112–2.492) Referent 1.731 (1.122–2.669) 1.644 (1.018–2.657) 3.626 (2.343–5.612)
Stroke

Number of events 114 51 114 95 117
Incidence (Per 1000 person-years) 15.7 12.4 25.0 37.2 51.8

Model 1
�
, Hazard ratio (95% CI) 1.322 (0.950–1.839) Referent 2.108 (1.515–2.933) 3.099 (2.205–4.356) 4.357 (3.133–6.059)

Model 2y, Hazard ratio (95% CI) 1.368 (0.982–1.905) Referent 1.938 (1.392–2.700) 2.830 (2.010–3.983) 3.583 (2.568–5.000)

BP¼ blood pressure, CHD¼ coronary heart disease.�
Model 1: adjusted by sex and baseline age.
y ass
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recommendation to be strongly evidence-based. However, the
recommendation for less aggressive treatment in older adults
has proved to be the most contentious aspect of these recom-
mendations, even among the panel members themselves, some
of whom strongly criticized their own paper in a
subsequent publication.

In the post-hoc analysis from the INVEST study,13 it was
observed among hypertensive patients �60 years of age with
CHD and baseline SBP �150 mmHg, that those who achieved
an SBP of 140 to 150 mmHg had an increased multivariable-
adjusted risk of CVD mortality, all stroke, and nonfatal stroke
compared with the control group who achieved SBP
<140 mmHg. Data from the REGARDS study15 demonstrated
that patients with SBP <140 mm Hg and aged between 55 and
64 years were associated with lower incidence of all-cause
mortality, CVD, CHD, and stroke, with the numerically highest
incidence risk observed at SBP 140 to 149 mmHg, particularly
for those �150 mmHg. SBP values of 130 to 139 mmHg were
characterized by the numerically lowest risk of CVD inci-
dence.15 Consistent with these results, our study also indicated
that the older hypertensive patients with BP of 140–149/
<90 mmHg had an increased risk of all-cause mortality,
CVD mortality, incident CHD, and stroke compared with the
reference group of BP< 140/90 mmHg. A prudent interpret-
ation of these data suggests that hypertensive patients�60 years
of age with BP of 140 to 149<90 mmHg still have an increased
risk of developing adverse outcomes in rural areas of China.

In addition, there is a continuous and consistent correlation
between BP and risk of cardiovascular events and the notion

Model 2: adjusted for sex, baseline age, Mongolian ethnicity, body m
stroke, and self-reported history of diabetes and hypercholesterolemia.
that ‘‘lower is better’’ remains popular for the management of
hypertension. However, this theory has been challenged for
several decades, especially for DBP.23–25 Bangalore et al26
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indicates that a J- or U-shaped curve association exists between
BP and the risk of future cardiovascular events in patients after
acute coronary syndrome, which implies that too low of a
pressure (especially <110/70 mmHg) may not be an ideal
target. Another post-hoc analysis of the AFFIRM trial demon-
strates a U-shaped association between average BP (SBP and
DBP) and all-cause mortality in patients with atrial fibrillation
(AF).27 The AF patients with average SBP<110 mmHg and
DBP<60 mmHg had a significantly increased risk of
mortality.27 Our analysis also revealed a J-shaped association
between DBP and all-cause mortality, CVD mortality, and
incident CHD in hypertensive patients �60 years of age. The
patients with lower DBP (<85 mmHg) had an increased risk of
developing adverse outcomes compared with average DBP in
the range of 85 to 89 mmHg. The strict DBP control has not been
shown to be superior to the lenient DBP control in older
hypertensive patients. A possible explanation for the association
between adverse outcomes and low DBP may be related to the
high pulse pressure in our study. Since the J-shaped curve may
represent an epiphenomenon of increased arterial stiffness, a
low DBP might be a marker for high pulse pressure, and thus
signify an increased risk of mortality and other adverse out-
comes.28

Some limitations should also be considered in light of these
results. First, the present analysis was derived from an observa-
tional epidemiological study. The results should be further
validated by RCT. Second, we were lacking sufficient infor-
mation on con-concomitant medications (eg, antiplatelet medi-
cations), laboratory measurements (eg, cholesterol, serum

index, smoking, drinking, antihypertensive treatment, prior CHD, prior
glucose, and inflammatory biomarkers), and some concomitant
diseases (renal status, thyroid status, and anemia status) to
control for these covariates. Third, 13.2% (n¼ 6080) subjects

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 1. (A) Incidence and adjusted risk of all-cause death as a function of average follow-up diastolic blood pressure. (B) Incidence and
adjusted risk of CVD death as a function of average follow-up diastolic blood pressure. (C) Incidence and adjusted risk of coronary, as a
function of average follow-up diastolic blood pressure. (D) Incidence and adjusted risk of stroke as a function of average follow-up diastolic
blood pressure.

TABLE 5. Other Associated Factors With Future Adverse Outcomes From Cox Proportional Hazards Models
�

Hazard Ratio (95% CI)

Characteristics All-Cause Mortality CVD Mortality CHD Stroke

Number of events 776 536 278 491
Age (per 5 years) 1.619 (1.539–1.704) 1.698 (1.597–1.805) 1.593 (1.463–1.735) 1.352 (1.266–1.443)
Women (vs men) 0.608 (0.519–0.712) 0.607 (0.503–0.733) 0.884 (0.681–1.610) 0.520 (0.424–0.637)
Mongolian ethnicity (vs Han ethnicity) 1.238 (1.048–1.462) 1.403 (1.153–1.706) 1.223 (0.928–1.610) 1.202 (0.975–1.481)
Current smoking (yes vs no) 1.076 (0.912–1.270) 1.034 (0.848–1.262) 1.025 (0.777–1.353) 1.017 (0.829–1.248)
Alcohol drinking (yes vs no) 0.902 (0.742–1.096) 0.732 (0.571–0.938) 0.888 (0.632–1.248) 0.816 (0.639–1.041)
BMI (�25 vs <25 kg/m2) 0.902 (0.744–1.095) 0.918 (0.729–1.154) 1.059 (0.783–1.432) 0.849 (0.668–1.077)
Antihypertensive treatment (yes vs no) 1.140 (0.965–1.347) 1.305 (1.071–1.590) 1.241 (0.942–1.634) 1.261 (1.024–1.551)
Prior stroke (yes vs no) 1.806 (1.474–2.214) 2.172 (1.725–2.735) 1.009 (0.678–1.501) 2.963 (2.367–3.710)
Prior CHD (yes vs no) 0.998 (0.786–1.268) 1.010 (0.763–1.337) 1.617 (1.159–2.256) 1.040 (0.777–1.393)
Diabetes (yes vs no)y 1.693 (0.797–3.600) 1.005 (0.320–3.156) 0.548 (0.076–3.945) 1.226 (0.501–2.997)
Hypercholesterolemia (yes vs no)y 1.027 (0.799–1.320) 1.012 (0.755–1.358) 1.531 (1.046–2.242) 0.908 (0.674–1.222)

CHD¼ coronary heart disease, CVD¼ cardiovascular disease.�
Adjusted by baseline age, sex, Mongolian ethnicity, body mass index, smoking, drinking, antihypertensive treatment, prior CHD, prior stroke, self-

reported history of diabetes and hypercholesterolemia, and average blood pressure during follow-up.
yDiabetes and hypercholesterolemia defined as any self-reported history of diabetes and hypercholesterolemia.
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of the original cohort was lost to follow-up, which may poten-
tially induce a degree of selection bias into the present study.
These limitations, therefore, make it necessary for the results
presented in this study to be regarded prudently. Finally, our
study sample only included hypertensive patients aged �60
years in rural areas of China, and we could expect varying
results from more ethnically diverse populations. The strength
of our study include the relatively large sample size and large
number of adverse events accrued, thereby increasing the
statistical power of our analyses. Furthermore, in this study,
the information on BP is derived from the average BP during
follow-up, which helps us to precisely determine the association
between BP and adverse outcomes.

In conclusion, in hypertensive patients aged �60 years of
age, there was a J-shaped association between DBP and
mortality and incident CHD, which suggests that too low of
a DBP may not be appropriate in rural areas of China. In
addition, the older hypertensive patients with BP of 140–
149/<90 mmHg had a higher risk of developing adverse out-
comes. These results imply that lenient BP control of 140–149/
<90 mmHg, based on the JNC-8 guidelines, may not be appro-
priate in hypertensive patients aged �60 years in rural areas
of China.

Perspectives
Recent hypertension guidelines have recommended less

rigid target for BP control in elderly persons. Our study
demonstrates that hypertensive patients aged �60 years of
age with BP of 140–149/<90 mmHg are at increased risk of
developing adverse outcomes in rural areas of China. These
present results imply that the lenient BP control of 140–149/
<90 mmHg in hypertensive patients aged �60 years in rural
areas of China may not be an ideal target. Currently, there is
high prevalence of hypertension in rural China, and CVD is a
major cause of death in China. Therefore, we recommend that
older hypertensive patients in rural areas of China should have a

Zheng et al
therapeutic target of<140/90 mmHg. This hypothesis should be

further tested in RCTs and validated by more ethnically
diverse population.
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