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1 | INTRODUCTION

Abstract

Recently, the 2017 ACC/AHA released new hypertension guidelines and proposed
a redefinition of hypertension from 140/90 to 130/80 mm Hg. This study assesses
the impact of the lower threshold for hypertension diagnosis on the association of
hypertension with target organ damage (TOD). Health checks were conducted in
a community-dwelling population in Shanghai in 2017 (N = 10 826; 43.26% mean,
age 62 + 12 years [range 29-95 years]). Subclinical TOD indices were quantified in
terms of left ventricular hypertrophy (LVH) by electrocardiogram (Sokolow-Lyon
standard), estimated glomerular filtration rate (€GFR), and presence of proteinuria.
Information on clinical TOD was obtained by questionnaire. Arteriosclerotic cardio-
vascular disease (ASCVD) was determined by the 2013 ACC/ AHA recommended
guidelines. Compared to the higher threshold (140/90 mm Hg), the lower threshold
(130/80 mm Hg) was associated with variable rates of increased detection of hyper-
tension and TOD: (a) Hypertension: incidence of hypertension, 29.5% (51.8%-81.5%)
increase in persons with hypertension if the threshold of 130/80 mm Hg is used; (b)
Subclinical TOD: LVH, 20.8%; eGFR (30-60 mL/min per 1.73 m?), 23.7%; proteinu-
ria, 23.5%; (c) Clinical TOD: chronic kidney disease (CKD) IV (eGFR<30 mL/min per
1.73m?), 3.1%; diabetes (fasting glucose 7.0 mmol/L or HbA1C>7.0%), 24.3%; stroke,
26.4%; chronic heart disease, 28.1%; acute myocardial infarction, 19.5% (69.4% to
88.9% of total of 36); ASCVD 210%, 29.3%. The lower threshold was associated with
a significantly higher detection rate of clinical and subclinical TOD of approximately
20% compared to the higher threshold. 15%-20% of TOD and 29% of ASCVD were

also found below the lower threshold of hypertension.

Compared to thresholds of systolic blood pressure of 140 mm Hg

or diastolic blood pressure of 90 mm Hg suggested by previous

Hypertension, as the most important cause of global disease bur-
den,1 leads to damage of crucial organs, such as heart, brain, and
kidney. Recently, new guidelines for management of hypertension
were released by the American College of Cardiology (ACC) and
the American Heart Association (AHA), proposing lower treat-

ment thresholds than those recommended in previous guidelines.?

Qian Wang and Huijuan Chao contributed equally to this work.

guidelines,® new guidelines define hypertension as a systolic blood
pressure of 130 mm Hg or above or a diastolic blood pressure of
80 mm Hg or above.?

The change to a lower threshold (130/80 mm Hg) was supported
by evidence from publications including SPRINT (Systolic Blood

Pressure Intervention Trial) and The Lancet 2016 meta-analysis of
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randomized controlled trials of antihypertensive medications.*>

Evidence from SPRINT demonstrated that in higher risk patients
without diabetes, treating hypertension to a more intensive tar-
get (<120/80 mm Hg) significantly reduced incident cardiovascular
events, compared to standard treatment targets (<140/90 mm Hg).*
The Lancet meta-analysis showed that, among people with a base-
line systolic blood pressure of 2130 mm Hg, a blood pressure re-
duction of about 25% was beneficial in preventing cardiovascular
events, especially stroke and heart failure.”

This dramatic change has been a worldwide concern with po-
tential global impact.®*® According to the lower blood pressure
threshold of 130/80 mm Hg, the prevalence of hypertension or
uncontrolled hypertension in Asian countries will significantly in-
crease by 25%-50%.%° The intensity of antihypertensive treatment
may be increased for stricter blood pressure control, theoretically
leading to increasing cost for medication and care by health profes-
sionals. However, treating early and intensively, in line with the life
course approach proposed by the Lancet Hypertension Commission
in 2016, may prevent the development of resistant hypertension,
reduce blood pressure-related morbidity and mortality, and lower
healthcare costs in a long-term prospect, especially in Asians whose
blood pressure-related cardiovascular disease are more common
than Westerners.'2 We sought to examine the possible implications
of the new definition of hypertension for hypertension management
in Chinese communities.

2 | METHODS

A total of 10,826 participants (age 29-95 years) from a community
in Shanghai were enrolled for health checks in 2017. All the partici-
pants in the population surveyed were of Asian ancestry. Medical
history collection, physical examination, blood examination, and

questionnaire survey were performed.

2.1 | Medical history collection

Investigators conducted surveys on participants at the survey site.
A standardized epidemiological survey questionnaire was adopted.
Data collected included demographic data, medical history, history
of smoking, and drinking of alcohol. All survey correspondents were
trained in the same questionnaire skills.

2.2 | Physical examination

All the subjects received detailed physical examination by trained
physicians, including physical measurement (height, weight, heart
rate) and resting systolic and diastolic blood pressure measure-
ment. Height was accurate to 0.1 cm; weight was accurate to
0.1 kg. Body mass index (BMI) was calculated as BMI = weight/
height? (kg/m?).

After sitting quietly for 5 minutes, blood pressure was measured
once in the non-dominant arm of each subject by the surveyor using
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OMRON Model 1 Plus (Japan). All medical examiners receive unified

training.

2.3 | Serological detection

Biochemical indicators include fasting blood glucose (FPG), glyco-
sylated hemoglobin (HbA1C), serum creatinine (Scr), estimated glo-
merular filtration rate (eGFR), total cholesterol (TC), triglycerides
(TG), low-density lipoprotein cholesterol (LDL-C), and high-density
lipoprotein cholesterol (HDL-C).

Blood glucose level was measured by glucose kinase method.
HbA1C was measured by high-performance liquid chromatography
(Bio-Rad, USA). Blood lipids, including TG, total cholesterol, LDL-C
and HDL-C, were measured by Beckman CX7 biochemical automatic

analyzer.

2.4 | Diagnostic criteria

Subclinical TOD indices were quantified in terms of left ventricu-
lar hypertrophy (LVH) by electrocardiogram (Sokolow-Lyon stand-
ard), decreased eGFR (30-60 mL/min per 1.73 m?), and presence of
proteinuria.

For clinical TOD, chronic kidney disease (CKD) IV was defined
as eGFR<30 mL/min per 1.73 m?, and diabetes as fasting glucose
27.0 mmol/L or HbA1C>7.0% or application of any hypoglycemic
agent; medical history of stroke, coronary heart disease (CAD), and

acute myocardial infarction (AMI) was obtained by questionnaire.

2.5 | Arteriosclerotic cardiovascular disease

The risk of cardiovascular disease was assessed using the first severe
arteriosclerotic cardiovascular disease (ASCVD) event risk assess-
ment method in 10 years as per recommended by the 2013 ACC/
AHA Guidelines."®The method is mainly used to predict the possi-
bility of the first serious ASCVD event in adults aged 40-79 years,
which contains information on age, sex, total cholesterol, HDL-C,
systolic blood pressure, and smoking history. ASCVD risk in the
AHA/ACC hypertension guidelines was defined as 210%.%3

We used the two thresholds to screen the same population for
hypertension and TOD separately and compared the difference of
the results using a one-tailed, one-sample z test for proportions.
Independent t test was used to compare demographic characteris-
tics between male and female (SPSS 24.0). Significance level was set
at 0.05.

The study was approved by the ethics committee of Ruijin hos-
pital North affiliated to the Medical College of Shanghai Jiaotong
University. All subjects signed a written informed consent.

3 | RESULTS

A total of 10 826 subjects were enrolled (4683 men and 6143
women) for analysis. The mean age of the study population was
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Age (Y)
Height (cm)
Weight (kg)
BMI (kg/m?)
SBP (mm Hg)
DBP (mm Hg)
PP (mm Hg)
HR (bpm)

Hb (g/L)

FDG (mmol/L)
HbA1c (%)
Cr (mmol/L)

eGFR(mL/
min/1.73 m?)

TC (mmol/L)
TG (mmol/L)
HDL (mmol/L)
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Total

10826
62.23+12.02
159.76+8.58
62.91+10.63
24.59+3.35
136.43+19.63
85.55+£10.38
50.88+16.03
73.98+£11.34
137.42+14.65
5.36x1.59
5.79+0.97
71.76+20.96
87.92+15.99

5.01+0.99
1.63+1.23
1.40+0.36

Male

4683
62.97+11.81
166.23+6.68
68.69+10.14
24.84+3.27
137.16+18.74
87.57+10.54
49.59+14.87
71.74+11.31
147.59+12.11
5.43+1.66
5.83+1.03
82.29+18.73
86.44+15.22

4.79+0.94
1.66+1.28
1.29+0.33

Female

6143
61.67+12.14
154.83+6.26
58.50+8.71
24.41+3.41
135.87+£20.27
84.01+9.99
51.86+16.79
75.68+11.06
129.71+11.34
5.30£1.52
5.76+0.91
63.73£18.92
89.05+16.47

5.18+0.99
1.61£1.19
1.48+0.36

P value

<.001
<.001
<.001
<.001

.001
<.001
<.001
<.001
<.001
<.001

.001
<.001
<.001

<.001
.023
<.001

TABLE 1 General characteristics of
male and female subjects

Note: P value: male vs. female comparison.

Abbreviations: BMI, body mass index; Cr, serum creatinine; DBP, diastolic blood pressure; eGFR,
estimated glomerular filtration rate; FDG, fasting blood glucose; Hb, hemoglobin; HbAlc, glyco-
sylated hemoglobin; HDL, high-density lipoprotein cholesterol; HR, heart rate; LDL, low-density
lipoprotein cholesterol; PP, pulse pressure; SBP, systolic blood pressure; TC, total cholesterol; TG,
triglycerides.

TABLE 2 Subclinical and clinical TOD

:?13::2:: between lower threshold (130/80 mm Hg)
Total BP>130/80 mmHg  BP2140/90 mmHg (%) and higher threshold (140/90 mm Heg) of
hypertension diagnosis

Blood Pressure 10826 8821 5607 29.7%
LVH 684 591 449 20.8"
Urine protein 285 262 195 23.5"
Diabetic (G27.0 / 1107 994 725 24.31

HbA1c>7.0%)
CKD (eGFR<60 585 491 359 22.6

mL/min/1.73 m?)
CAD 394 328 217 28.1f
STROKE 349 289 197 26.4%
AMI 36 32 25 19.5
ASCVD=10% 4922 4453 3010 29.3F

Abbreviations: AMI, acute myocardial infarction; ASCVD, arteriosclerotic cardiovascular disease;
CAD, coronary heart disease; CKD, chronic kidney disease; eGFR, estimated glomerular filtration
rate; LVH, left ventricular hypertrophy; TOD, target organ damage.

*P <.010.

tp <.0001.

62 + 12 years. The main demographic characteristics of the study threshold (130/80 mm Hg), compared to 5607 (52%) by the higher
threshold (140/90 mm Hg), with an increase of 29.5%.
For subclinical TOD, the rates of detection for LVH, decreased

eGFR (30-60 mL/min per 1.73 m?) and presence of proteinuria

population are shown in Table 1.
As shown in Table 2 and Figure 1, 8821 participants (81.5% of

the whole cohort) were diagnosed with hypertension by the lower
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FIGURE 1 Theimpact of the lower threshold (130/80 mm Hg) of hypertension diagnosis on the association of hypertension with target
organ damage compared to the higher threshold (140/90 mm Hg). LVH, left ventricular hypertrophy; eGFR, estimated glomerular filtration
rate; CAD, coronary heart disease; AMI, acute myocardial infarction; ASCVD, Arteriosclerotic cardiovascular disease

TABLE 3 Prevalence of hypertension
based on lower threshold (130/80 mm Hg)

Detection increased

and higher threshold (140/90 mm Hg) BP2130/80 mm Heg BP2140/80 mm Heg %)

Male Female Male Female Male Female
Sex (n=3999) (n=4822) (n=2603) (n=3004) 29.8%! 29.6%!
29-44 431 458 249 164 34.1%" 37.4%"
45-54 381 568 218 255 36.2%" 39.2%"
55-64 981 1269 625 783 31.6%" 31.1%"
65-74 1724 1909 1163 1319 27.8%! 25.8%"
275 482 618 348 483 24.0%" 19.0%"

tP<.0001.

increased by 20.8% (65.6% to 86.4% of total of 684), 23.7% (60.9%
to 84.6% of total of 553), and 23.5% (65.6% to 86.4% of total of 553),
respectively, in relation to the higher threshold (Table 2).

Similar rates of increase were found in screening for clinical TOD
such as CKD IV (by 3.1%; 68.8% to 71.9% of total of 32), diabetes (by
24.3%; 65.5% to 89.8% of total of 1107), stroke (by 26.4%; 56.4% to
82.8% of total of 349), CAD (by 28.1%; 55.1% to 83.2% of total of
394), and AMI (by 19.5%; 69.4% to 88.9% of total of 36) (Table 2).

ASCVD 210%, which designates a 10-year high risk of cardio-
vascular disease, was found in 4922 patients by the lower threshold,
with an increase of 29.3% compared to the 3010 by the high thresh-
old. From results shown in Table 2, an average of 80% of the extra
patients included using the lower threshold were detected with TOD
and 90% with ASCVD 210%. In addition, in a general population, the
increase was 13.3% for the patients requiring therapy at high risk to

130/80 mm Hg, while 16.5% increased for the patients not requiring

therapy at low risk to 130/80 mm Hg, respectively. The prevalence
of two systolic/diastolic blood pressure thresholds has been esti-
mated in Table 3. If we apply the lower threshold (130/80 mm Hg) to
the population compared to the higher threshold (140/90 mm Hg),
the prevalence of hypertension increased 19%-39% across the age

range.

4 | DISCUSSION

In this study, compared to the higher threshold of 140/90 mm Hg,
the lower threshold of 130/80 mm Hg led to a significant rise of
prevalence of hypertension along with higher rates of detection for
patients with clinical, subclinical TOD, or high 10-year ASCVD risk.
Some 15%-20% of TOD was still detected below the lower threshold

of hypertension in the same cohort.
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The concept of pre-hypertension, defined as systolic blood
pressure of 120-139 mm Hg or diastolic blood pressure of
80-89 mm Hg, has been removed from the 2017 guidelines and
replaced by the new hypertension definition.? In our study, pre-hy-
pertension population with high range of systolic blood pressure
(130-139/80-89 mm Hg) seemed to be associated with the differ-
ences in screening results between the two groups. There have

been many studies'4?!

on the correlation between pre-hyperten-
sion and all types of TOD.

The new guidelines2 do not consider asymptomatic organ dam-
age such as LVH or increased urinary protein excretion, whose detec-
tion could be important for cardiovascular risk assessment and may
even lead to corresponding treatments. Previous studies showed
that individuals with LVH had higher risks of CV and all-cause mor-

tality,zz’25

and pre-hypertension was found to be an independent
risk factor for unfavorable left ventricular functional and structural
changes.}** It is also an independent predictor of decreased eGFR
in the general population, especially in the elderly.?® Our study
showed that the lower threshold significantly raised the detection
rates of LVH, decreased eGFR, and presence of proteinuria, in which
case antihypertensive treatments targeted at regression or preven-
tion of the subclinical TOD could be started at an earlier stage and
may improve prognosis.

For clinical TOD, meta-analysis showed that pre-hypertension
was associated with increased risk of CAD even at a low range!” and
was associated with incident stroke mainly at higher values within the
prehypertensive range (systolic blood pressure of 130-139 mm Hg or
diastolic blood pressure of 85-89 mm Hg).18 In our study, the pre-hy-
pertension population had higher relative detection rates for CAD,
AMI, and stroke by 28.1%, 19.5%, and 26.4%, respectively, which
may reflect their potential relationships. According to another meta-
analysis, pre-hypertension was also considered a potential cause of
CKD,21 with gender and ethnic differences, but we only found a rela-
tively small difference between the screening results of CKD (3.1%),
perhaps due to the small sample size.

In addition, we found that there was still 15%-20% of TOD below
the lower threshold, which may be related to age, diabetes, hyperlip-
idemia, and other risk factors.

The lower threshold of hypertension also led to a higher detec-
tion rate for those with high 10-years risk of ASCVD (210%). This
suggests that these individuals may need to have blood pressure
monitoring or TOD screening more frequently and commence an-
tihypertensive treatment if necessary, as recommended by the new
guidelines.? This would lead to cost elevation for social medical care.

The new guidelines, especially the new definition of hyperten-
sion, have caused great response and heated discussion internation-
ally. Different countries published their own understanding of the
new guidelines and analyzed their possible impact according to their
own national conditions.®® However, the current Chinese guide-
lines are unlikely to be adjusted according to the new threshold,*
as there are concerns of higher priority in management of hyperten-
sion in China, especially the low awareness of hypertension.26 Still,
as our study showed the new threshold did improve the screening

rate for target organ injury in the community, which might eventu-
ally be proven beneficial for cardiovascular disease prevention in the
long-term.

This study has some limitations. As a cross-sectional study, the
causal relationship between blood pressure level and various tar-
get organ damage could not be confirmed. The sampling method is
cluster sampling, so the existence of selection bias cannot be ruled
out. Regarding the survey of clinical TOD, we used the questionnaire
mode, and it is difficult to determine whether the respondent's answer
is true or not. Other risk factors for TOD, such as waist or hip circum-
ference and carotid artery plaques, were not widely collected in this
study. We found that the detection rate of various TOD significantly
increased after application of the lower threshold of hypertension,
but whether the new standard is suitable as a target for hypertension
treatment in the Chinese community, more studies are required, and
findings should be confirmed by future prospective studies.

5 | CONCLUSION

Our study found that the lower threshold of hypertension of
130/80 mm Hg was associated with a significantly higher detection
rate of clinical and subclinical TOD of approximately 20% compared
to the higher threshold of 140/90 mm Hg. In the same cohort, some
15%-20% of TOD was also found below the lower threshold of

hypertension.
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