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Abstract

The 2017 guidelines on the diagnosis and treatment of high blood pressure in adults
were published by the American College of Cardiology and the American Heart
Association. The impact on clinical outcomes and costs needs to be estimated prior
to adopting these guidelines in China. Data from a nationally representative sam-
ple in China were analyzed. The prevalence and treatment were calculated based on
the criteria of the 2017 guidelines and 2018 Chinese guidelines among participants
aged 235 years old. Direct medical costs, as well as the averted disability adjusted of
life years and cost saving from cardiovascular disease events prevented by control-
ling hypertension, were also estimated. The prevalence and treatment rate of hy-
pertension were 32.0% and 43.4% according to the 2018 Chinese guidelines. Based
on the 2017 guidelines, another 24.5% of the adult population (estimated 168.1 mil-
lion) would be classified as having hypertension; of whom, about 32.1 million would
need to be pharmaceutically treated to reach the current treatment rate of 43.4%.
As a result, an estimated additional 42.7 billion US dollars of the direct medical cost
would be required for lifetime therapy. By preventing cardiovascular events, the new
guidelines would reduce lifetime costs by 3.77 billion US dollars, while preventing
1.41 million disability adjusted of life years lost. Application of the 2017 guidelines in
China will substantially increase the prevalence of hypertension and produce a large
increase in therapy costs, although it would prevent cardiovascular disease events

and save disability adjusted of life years.

*The investigators of the China Hypertension Survey group are listed in Appendix S1.
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1 | INTRODUCTION

The American College of Cardiology (ACC) and the American Heart
Association (AHA) recently released guidelines for the detection and
management of hypertension in adults.! Compared with previous
guidelines, the 2017 ACC/AHA guidelines recommend using lower
systolic and diastolic blood pressure (BP) levels to define hyperten-
sion (systolic BP 2130 or diastolic BP 280 mm Hg), as well as recom-
mending lifestyle changes or treatment for systolic BP/diastolic BP
to a target <130/80 mm Hg. Also, the previous evidence indicated
that intensive antihypertensive treatment with achieved blood pres-
sure (BP) £140/90 mm Hg could further improve cardiovascular out-
comes in Chinese hypertensive patients.>®

Khera et al* examined the effect of the 2017 ACC/AHA guide-
lines on the prevalence as well as the eligibility for initiation and
intensification of therapy using the data from the China Health
and Retirement Longitudinal Study (CHARLS). However, CHARLS
used the pooled cohort equations to predict cardiovascular disease
(CVD) event rates, which are inaccurate in the Chinese population.®
Furthermore, the impact of the 2017 ACC/AHA guidelines on the
economic burden of hypertension in China has not previously been
studied.

The burden of hypertension and related diseases is increasing
along with urbanization, rising incomes, and aging of the population
in China.®” Our recent study, using the China Hypertension Survey
(CHS; 2012-2015), suggested that there is high prevalence (23.2%),
but low treatment (40.7%) and control rates (15.3%) of hypertension,
based on the 2018 Chinese guidelines.®” We used data from the na-
tionally representative CHS study to estimate the impact of adopt-
ing the 2017 ACC/AHA guidelines on the prevalence and treatment
of hypertension, as well as related health care costs and savings from
hypertension control.

2 | METHODS

2.1 | Survey participants

The design and results of the CHS, conducted between October
2012 and December 2015, have been published previously.10 Briefly,
a stratified, multistage random sampling method was used to ob-
tain a nationally representative sample of 451 755 residents aged
>18 years from 31 provinces in mainland China from October 2012
to December 2015. 1°.

Meanwhile, a substudy, as previously published,** was con-
ducted among participants aged 235 years; in whom, blood
samples, electrocardiograms, and echocardiograms were also
collected. Two hundred sixty-two cities and counties, selected in
the first phase, were stratified into Eastern, Middle, and Western
regions, representing the varying economic development status
in China. Using simple random sampling, 16 cities and 17 coun-
ties were selected, including seven cities and seven counties in the
Eastern region, six cities and six counties in the Middle region, and
three cities and four counties in the Western region. From these

sites, 56 000 participants were randomly selected and invited; of
whom, 34 994 responded (62.5%). We excluded 4130 participants
with missing data on variables of interest, which left 30 864 in-
dividuals eligible to estimate the 10-year atherosclerotic cardio-
vascular disease (ASCVD) and the percentage of recommended
antihypertensive medication use in Chinese adults according to
the 2017 ACC/AHA guidelines. The excluded participants were
older and more often urban residents, while there was no dif-
ference in sex and BMI compared with the included participants
(Table S1). To maintain consistency, 320 409 participants aged
>35 years selected from CHC study were used to estimate the
prevalence, awareness, and control according to the 2018 Chinese
guidelines and the 2017 ACC/AHA guidelines in the present study.

Informed consent was obtained from each participant before
data collection. The ethics committee of Fuwai Hospital approved
the study.

2.2 | Training and data collection

A standardized questionnaire developed by the coordinating center
at Fuwai Hospital was administered by trained staff to obtain infor-
mation on demographic characteristics, socioeconomic factors, and
CVD events (including stroke and coronary heart disease [CHD]).
The average of three BP readings, measured with the OMRON
HBP-1300 Professional Portable Blood Pressure Monitor (OMRON),

was used for analysis.

2.3 | Outcome definitions

In the 2018 Chinese guidelines, hypertension was defined
as systolic BP 2140 mm Hg, and/or diastolic BP 290 mm Hg,
and/or use of antihypertensive medicine within the preceding
2 weeks.” According to the 2017 ACC/AHA guidelines, hyper-
tension was defined as systolic BP 2130 mm Hg, and/or diastolic
BP 280 mm Hg, and/or use of antihypertensive medicine within
the preceding 2 weeks; stage 1 of hypertension as systolic BP
130-139 and/or diastolic BP 80-89 mm Hg; stage 2 as systolic/
diastolic BP 2140 and/or 90 mm Hg; and elevated BP as systolic
BP 120-129 and diastolic BP <80 mm Hg and without antihy-
pertensive medications. The treatment of hypertension was de-
fined as self-reported use of antihypertensive medication within
2 weeks at the time of the interview, and BP control was defined
as systolic BP <140 mm Hg and diastolic BP <90 mm Hg accord-
ing to the 2018 Chinese guidelines, or <130 and <80 mm Hg
according to the 2017 ACC/AHA guidelines, respectively. The
recommended treatment threshold by 2017 ACC/AHA guide-
lines was as follows: (a) patients with systolic BP 2140 mm Hg
or diastolic BP 290 mm Hg; (b) patients with systolic BP of
130-139 mm Hg or diastolic BP 80-89 mm Hg, and with one of
the following criteria: 275 years old, 10-year predicted risk of
developing atherosclerotic cardiovascular disease >10%,° pre-
existing heart failure, coronary heart disease, stroke, chronic
kidney disease, or diabetes mellitus.
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2.4 | Costand DALY

The additional costs of antihypertensive medications and direct
medical costs, based on the 2017 ACC/AHA guidelines, were es-
timated with an assumption of reaching the same treatment rate
(43.4%) as for the 2018 Chinese guidelines. Direct medical costs
were defined as the cost associated with outpatient visits, diagnosis/
tests, procedures, hospitalizations for diagnosis or therapy, and an-
tihypertensive medications. Based on our previous studies,*?® the
cost of monotherapy, single-pill combinations, two-drug combina-
tions, and three or more antihypertensive drugs was 27.0, 8.2, 98.7,
and 118.4 US dollars per person per year, respectively; the direct
medical costs were 115.7 and 109.0 US dollars per person per year in
urban and rural areas.*?3 Lifetime direct costs were calculated using
the following equation: (life expectancy estimated by the World
Bank* - average age of hypertensive patients who recommended
but not receive antihypertensive drugs treatment in our study) x an-
nual estimate of direct medical costs.

The Felodipine Event Reduction (FEVER) study, a prospective,
multicenter, double-blind, randomized, placebo-controlled, paral-
lel group trial in the Chinese population, indicated that 4.7 stroke
events and 1.7 CHD events would be prevented in 1000 patients by
controlling BP to <140/90 mm Hg.z’3 So, the number of prevented
events was calculated as patients with drug therapy multiplied by
4.7/1000 for strokes or 1.7/1000 for CHD. The disability adjusted of
life years (DALYs) of per event was defined as the total DALYs from
the WHO Global Burden of Disease (GBD) study®® divided by the
prevalence from the CHS (Table S2). The annual costs of each CVD
event were estimated from the China Health Statistics Yearbook.!®
DALY averted from CVD events prevented by controlling hyperten-
sion was calculated by multiplying the number of prevented stroke/
CHD events and the DALYs associated with each stroke/CHD event,
respectively. The costs saved from CVD events prevented by con-
trolling hypertension were calculated in the same manner: multi-
plying the number of prevented stroke/CHD events and the cost
associated with each stroke/CHD event.

2.5 | Statistical analysis

Statistical analyses were conducted with SAS version 9.4 (SAS
Institute Inc) and Stata 12.1 (StataCorp.). To address the mul-
tilevel stratified sampling design, rates were calculated using
PROC SURVEYFREQ; differences or trends across groups, includ-
ing age, sex, and region (urban vs rural), were tested using PROC
SURVEYLOGISTIC in SAS. Survey weights were calculated based on
the 2010 China population census data and sampling scheme and
included oversampling for specific age subgroups, nonresponse, and
other demographic differences between the sample and the total
population.”’ Adjustment for different probabilities of selection and
the complex sampling design was used to enhance the representa-
tiveness of the survey sample population. Variables were summa-
rized using means with 95% confidence intervals (Cl) for continuous

data and frequencies, percentages, and proportions for categorical

data. 95% ClI for all parameters was estimated. P < 0.05 was the

threshold for statistical significance.

3 | RESULTS

3.1 | Prevalence, treatment, and control of
hypertension

The prevalence of hypertension was 32.0% (219.5 million) accord-
ing to the Chinese 2018 guidelines. Another 24.5% of the popula-
tion, representing an additional 168.1 million nationally, would be
classified as hypertensive if the 2017 ACC/AHA guidelines were
adopted. According to the 2017 ACC/AHA guidelines, the preva-
lence would be higher in men and people living in eastern areas and
increased with age (all P < 0.001, Table 1). Table S3 shows the num-
ber of Chinese adults with hypertension according to the two sets of
guidelines. Figure 1 shows that more than half (25.6% over 42.1%) of
individuals with prehypertension based on Chinese guidelines would
be reclassified as patients with stage 1 hypertension according to
the ACC/AHA guidelines.

Accordingly, 22.7% (39.9 million) and 21.1% (34.0 million) pa-
tients with stage 1 and stage 2 hypertension, respectively, who did
not require drug treatment according to the 2018 Chinese guide-
line, would be appropriate for pharmacological treatment if the 2017
ACC/AHA guidelines were applied in China. The proportions who
would need to be treated were significantly higher in older and male
patients (P < 0.001, Table 2). There were no significant differences
among regions, or between urban and rural for patients requiring
treatment who did not meet treatment goal (Table 2). The control
rate would be significantly lower in the younger age group (P < 0.05),
and only 14.9% (5.3 million) hypertensive patients taking antihyper-
tensive medications had BP below 130/80 mm Hg (Table 1).

3.2 | Theincremental cost of hypertension
treatments, and averted DALY and cost on
CVD events

Among the additional 168.1 million hypertensive patients, applica-
tion of the ACC/AHA guidelines would yield approximately 32.1 mil-
lion patients (19.1%) requiring pharmaceutical therapy to reach the
current treatment rate of 43.4% in patients aged 35 years and older
(Table 2), which would generate an additional cost of 1.7 billion US
dollars for hypertensive medications in each fiscal year (Table 3). In
total, if the 2017 ACC/AHA guidelines were adopted, an additional
3.6 billion US dollars direct medical costs would be required in each
fiscal year, and 42.7 billion over a lifespan (Table 3).

However, by adopting the 2017 ACC/AHA guidelines, the num-
ber of CVD events prevented annually is estimated to be 151 000
(95% Cl: 131 130, 170 140) for stroke and 55 000 (95% ClI: 47 430,
61 540) for CHD. Based on the estimated total DALYs due to CVD
from the WHO Global Burden of Disease study and the preva-
lence of CVD in China, the total prevented DALYs is estimated to
be 726 000 (95% Cl: 444 531, 1 410 461) for stroke and 688 000
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FIGURE 1 Classification of hypertension of Chinese adults
according to the 2017 ACC/AHA guideline and Chinese 2018
guideline. Stage 2 and stage 3 were combined to stage 2 for the
Chinese 2018 guideline

(95% Cl: 438 253, 1 177 260) for CHD. Besides reducing disease bur-
den in terms of DALYs, it is also estimated that the reduction in the
disease burden of CVD events will result in annual saving of 313.2
(95% Cl: 181.1, 575.9) million US dollars and lifetime saving of 3.76
(95% Cl: 2.17, 6.91) billion US dollars by adopting the 2017 guidelines
(Table 4, Table S2).

The net annual cost was estimated at 3.43 billion US dollars, and
38.92 billion US dollars for a lifetime, respectively. The cost will be
more than 27 500 US dollars per DALY averted.

4 | DISCUSSION

The current study presents the potential impact if the 2017 ACC/
AHA hypertension guidelines are adopted in China. This would lead
to a substantial increase in the proportion of Chinese adults defined
as having hypertension; the control rate would significantly lower
with a target BP of 130/80 mm Hg. To reach currently the treat-
ment rate, an additional lifetime direct medical care costs would be
42.7 billion US dollars for about 32.1 million hypertensive patients
aged 35 years and older. However, about 206 000 CVD events
(considering stroke and CHD only) would be prevented, result-
ing in 3.76 billion US dollars lifetime cost and 1.41 million DALYs
being saved by controlling hypertension, while yielding net costs of
38.92 billion US dollars.

The lowering of the treatment target for hypertensive patients
in the 2017 ACC/AHA was guided by evidence for a reduced rate
of major adverse cardiovascular events,'® and the intensive sys-
tolic BP control among adults at high risk for cardiovascular disease
has been shown to be cost-effective, that is, below common US

willingness-to-pay thresholds.!” However, even based on the cur-
rent conservative guidelines,” the appropriate management of high
BP patients has been a huge challenge with high rates of non- and
undertreatment in China.®

High BP remains a serious public health problem worldwide.
A previous study has indicated a steady increase in prevalence
across China over the past several decades,?® along with urban-
ization and aging of the population,® suggesting that there are
huge hypertension and related CVD burden. By combining the in-
creased lifetime direct cost of treating hypertension, the reduced
lifetime cost of prevented CVD events, and the averted DALY, the
lower limit of cost will be more than 27 500 US dollars per DALY
averted, which is more than three times GDP per capita (8 832
US dollars GDP per capita of China 2017), the maximal willing-
ness-to-pay threshold recommended by the WHO. Therefore, it
is likely that adoption of the 2017 guidelines would be above the
current societal willingness-to-pay threshold. The benefit of cost
reduction by preventing CVD is not likely to be judged sufficient
to offset the costs incurred by antihypertensive treatments in a
larger proportion of the population.?*

It is necessary to be cautious that the beneficial effects of in-
tensive systolic BP control have not been confirmed in European
and Asian populations, including the Chinese population??; even in
the United States, it has been suggested that intensive antihyper-
tensive treatment in a broad population of older adults is lacking in
evidence, and may result in low-value care.?® A cohort study from
China implied that participants aged 35-59 years old with stage 1
hypertension defined by the 2017 guidelines were associated with
higher CVD risk; however, the association was not shown among pa-
tients aged 60 years or older.*

In addition, the beneficial effects of intensive BP man-
agement also remain underexplored in younger populations
(<45 years).lg'25 While high BP has been shown to have signifi-
cant economic consequences based on the current guidelines,26
the high initial cost will need to be accounted for when consid-
ering the adoption of the 2017 ACC/AHA guidelines in China.
Thus, more evidence will be needed to identify the optimal BP
cutoff, to permit the appropriate resources to be made available
in developing countries, such as China.

The public health response to this challenge should drive the de-
velopment of strategies suitable for developing countries. Lifestyle
changes, such as increasing exercise and decreasing consumption of
calorie-dense and fat-rich foods, salt, tobacco, and alcohol, will help
prevent the development of advanced stages of hypertension.?’
Therefore, population-based interventions could be developed and
implemented.28 In addition, strategies aimed at the use of less ex-
pensive antihypertensive medications and the use of combinations
to improve treatment effectiveness and adherence should be pur-
sued aggressively. Continuing hypertension education is urgently
needed to ensure that physicians in general practice are aware of
and adhere to national hypertension guidelines. Indeed, the feasi-
bility and cost-effectiveness of programs to increase adherence
to antihypertensive treatment have been confirmed in developing
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TABLE 2 Hypertensive patients reclassified and recommended for treatment according to the 2017 ACC/AHA guideline

Stage 1 hypertension

Stage 2 hypertension

Estimated number of hypertensive patients need

to be pharmaceutically treated to reach the cur-

Untreated patients recommended  Untreated patients recommended  rent treatment rate (43.4%) according to the 2018

for drug therapy (%) for drug therapy (%)
Overall 22.7 (19.6-25.8) 21.1(18.5-23.6)
Age
35-44 6.0 (4.0-7.9) 8.8(4.3-13.4)
45-54 11.3(9.1-13.5) 10.8 (8.9-12.7)
55-64 40.1 (30-50.1) 16.3(12.1-20.5)
65-74 73.9 (60.3-87.4) 22.6 (16.7-28.6)
2752 100.0 100.0
P value <0.001 <0.001
Sex
Men 26.1(21.5-30.6) 20.2(18.0-22.4)
Women 18.4 (14.4-22.3) 22.2(18.6-25.8)
P value 0.011 0.124
Region
Eastern 23.4(16.2-30.6) 22.6 (19.4-25.8)
Middle 22.0(18.6-25.5) 19.1 (12.7-25.4)
Western 22.5(15.3-29.7) 21.2(13.1-29.4)
P value 0.861 0.381
Region
Urban 21.0(14.7-27.3) 21.5(17.0-25.9)
Rural 23.5(19.7-27.3) 20.9 (17.5-24.3)
P value 0.458 0.811

Chinese guideline (mean, million)

32.1(27.9-36.2)

3.2(2.0-4.3)
4.7 (4.1-5.3)
8.9 (7.1-10.5)
6.8 (5.7-7.7)
8.5

19.4 (17.8-21.1)
12.7 (11.1-14.3)

13.7 (11.3-16.0)
10.0(8.3-11.7)
8.3 (5.8-10.7)

10.1(8.1-12.1)
21.9 (19.8-24.1)

Note: Data are presented as mean or percentage (95% Cl). All values were weighted to represent the total population of Chinese aged 35 y or older

based on the Chinese census 2010.

aFor those older than age 75, antihypertensive drugs are recommended for all hypertensive patients with systolic blood pressure 2130 mm Hg or

diastolic blood pressure 280 mm Hg.

countries.?? Such programs could also be applied in some specific
geographical regions in China.

The current study has several strengths. The CHS provides
nationally representative estimates for the general Chinese pop-
ulation aged 235 years, and the results of this analysis have broad
generalizability. BP was measured three times following a stan-
dardized protocol. However, some limitations should be noted. BP
was measured at a single visit in this study. First, due to lack of
patient-level data, instead of a formal cost-effectiveness model,
the cost-effectiveness of adopting of the 2017 AHA/ACC was sim-
ulated based on the number of cardiovascular events avoided, and
the unit cost and DALYs per event. Second, about 10% participants
with missing data were excluded for analysis. From Table S1, we
can see that excluded patients were older, and more often urban,
although there was no difference in sex or BMI compared with the
included participants. Third, due to no data on the number of CVD
events prevented by controlling BP to <130/80 mm Hg among the
Chinese population, we used the data from FEVER study (con-
trolling BP to <140/90mm Hg),?® so the averted DALY may be un-
derestimated in the study.

5 | CONCLUSIONS

We found that application of the 2017 AHA/ACC guidelines would
substantially increase the prevalence of hypertension compared with
the 2018 Chinese guidelines. To reach even the current treatment rate,
considerable additional costs of therapy for hypertensive patients
aged 35 years and older would be required, although this would be
mitigated by the beneficial effects of events prevented and associated
costs avoided. Thus, the challenges of bringing more intensive control
of BP to the Chinese population are considerable. Additional studies
and less expensive therapies for hypertension may make adoption of
the new, intensive 2017 ACC/AHA guidelines feasible in the future.
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TABLE 4 Averted DALY and cost on CVD events prevented by controlling hypertension according to 2017 ACC/AHA guideline

Stroke CHD Total®

Number of prevented event® 151 000 (131 130, 170 140) 55000 (47 430, 61 540) 206 000 (178 560, 231 680)
DALY per event® 4.82(3.39,8.29) 12.60 (9.24, 19.13) 6.72 (4.78, 11.20)
Averted DALY® 726 000 (444 531, 1 410 461) 688 000 (438 253, 1 177 260) 1414 000 (882 784, 2 587 721)
Annual cost per event (US dollar)® 1178.1(994.5, 1786.7) 2485.4 (1069.0, 4418.7) -
Reduced annual cost (US dollar, 177.6 (130.4, 304.0) 135.6 (50.7, 271.9) 313.2(181.1, 575.9)

million)®
Reducedflifetime cost (US dollar, 2130.6 (1564.9, 3648.0) 1627.5 (608.4, 3263.1) 3758.2(2173.3, 6911.1)

million)

Note: Data are presented as mean (95% ClI).

Abbreviations: CHD, coronary heart disease; DALY, disability adjusted of life year.

aSuppose 4.7/1000 strokes and 1.7/1000 coronary heart disease events each year in hypertensive patients with pharmaceutical treatments could
be prevented based on Felodipine Event Reduction study.? The number of prevented event was calculated as patients with drug therapy multiplies
4.7/1000 for strokes or 1.7/1000 for CHD.

PThe DALYs was 44 947 064.55 for stroke, and 38 060 559.75 for CHD based on GDB (Ref. »°); the prevalence was 9 330 000 (5 420 000,

13 240 000) for stroke, and 3 020 000 (1 990 000, 4 120 000) for CHD from Table S2. So, DALY per event was 4.82 (3.39-8.29) for stroke, 12.60
(9.24-19.13) for CHD, and 6.72 (4.78-11.20) for total.

‘Averted DALY = Number of prevented event x DALY per event.

dvalues were cited from China Health Statistics Yearbook, 2013 (Ref. 9).

®Reduced annual cost = Annual cost per event x Number of prevented event.

fReduced lifetime cost = (life expectancy estimated by the World Bank [76 y] (Ref. 14) - age of hypertensive patients who recommended antihyper-
tensive drugs but not receive drug treatment in our study [64 y]) x reduced annual costs.

8The value of the Column of “Total” = the Column of “Stroke” + “CHD".
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