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Background: Studies on pharmacological therapy and blood pressure (BP) control in primary
health care sites of China are limited. We aimed to investigate drug use and compliance as well
as compare BP control between pharmacological therapies for lowering BP in hypertensive
population serviced by these sites.

Methods: This is a 1-year cohort study using electronic health care records from the National
Primary Public Health Services of China. For patients with antihypertensive drugs at the first
follow-up, we defined compliance with treatment as a continued treatment with the same speci-
fied class of agents at next three follow-ups. In those with compliance, BP control was defined
as systolic BP <140 mmHg and diastolic BP <90 mmHg in four follow-ups within 1 year.
Results: Primary health care sites of four areas managed 254,848 hypertensive patients aged
235 years. At the first follow-up, 50.2% of the patients took medicines for lowering BP. In those,
calcium channel antagonist monotherapy was the most common medicine in urban areas (57.1%
vs 15.6% in rural areas, P<0.001); however, the most common one was single-pill combina-
tions including diuretics and non-first-line drugs in rural areas (34.4% vs 10.7% in urban areas,
P<0.001). Compliance was 79.9% and 53.2% for single- and multiple-pill combinations in
first-line drugs; this rate was 69.5% and 45.0% in regimens combined with non-first-line drugs,
respectively. Compared with calcium channel antagonists, diuretics monotherapy increased the
overall BP control by 11% (risk ratio, 1.11; 95% confidence interval, 1.08 to 1.13), but it was
used in few patients (3.3%); first-line multiple-pill combinations significantly decreased BP
control by 20% to 28% in three less urbanized areas, but a similar BP control was achieved in
the highly urbanized area.

Conclusion: Our study indicated that drug use such as diuretics could be strengthened in primary
health care sites and combined therapy may be improved particularly in less urbanized areas.

Keywords: hypertension, drugs, primary health care, public health

Introduction

Most randomized controlled trials (RCTs) have affirmed that the main benefits of
antihypertensive treatment are owing to lowering blood pressure (BP) and are largely
independent of drugs employed.? Guidelines underline that most patients require
combined therapy of two or more drugs to achieve a better BP control compared with
monotherapy.> However, these evidences on the efficacy of antihypertensive drugs
are overwhelmingly based on a controlled environment of experienced and research-
intensive sites such as tertiary hospitals. Culture, resources, and capacity of primary
health care practice in a variety of community settings challenge a translation of
evidence from “efficacy” in RCTs into “effectiveness” in the real world.> Especially
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in China, tertiary hospitals own most health care resources,
but they account for only 0.2% of the total medical institu-
tions as well as provide only 17.9% of the outpatient clinic
services;* thus, the Chinese health reform strengthens the
role of primary health care by providing free primary health
care services, including hypertension management, for local
residents with the support of the annually central budget.’
Prevalence of hypertension in Chinese adults has increased
from 18.8% in 2002 to 27.8% in 2013-2014, equivalent to
up to 292 million patients.’ The National Primary Public
Health Services of China (NPPHS) has managed 86 million
hypertensive patients in 2015. Prospectively, this number of
hypertensive patients involved will increase to 110 million
in 2025.

However, studies on drug use and compliance as well as
comparing BP control between pharmacological therapies —
mono or combined — for lowering BP in hypertensive popu-
lation serviced by primary health care sites are limited. For
this aim, we designed and conducted a 1-year cohort study.

Methods

Data sources and patients

We selected Rushan county-level city in Shandong province,
Taixing county-level city in Jiangsu province, Yuhu district
in Hunan province, and Wuhou district in Sichuan province
as study base. The rural areas of Rushan and Taixing own
population size similar to the urban areas of Yuhu and Taix-
ing. In these areas, Rushan and Taixing represent typical
rural areas with an urbanization rate of 27.4% and 30.7%,
respectively; Yuhu represents a typical urban area without
the whole of urbanization (87.0%); and Wuhou is a totally
urbanized area (100%). Table 1 shows that primary health
care sites provided more shares of health care services in
less urbanized areas than that in urbanized areas. We used
databases, which include all patients (258,774) managed by
all primary health care sites of these areas since the launch
of the health care reform plan in 2009, on the information
platform of the NPPHS. We accessed patients’ electronic
health care files since July 1, 2009, and extracted the initial
information of patients and follow-up records from July 1,
2013, through June 30, 2014.

Chinese hypertension guidelines define hypertension
diagnosis as systolic BP (SBP) 2140 mmHg and diastolic
BP (DBP) 290 mmHg in three different days for untreated
individuals. The NPPHS provides a hypertension screening
for residents aged >35 years. Individuals with SBP >140
mmHg and DBP 290 mmHg in initial screenings will be fol-
lowed or referred for a definite diagnosis. Under the NPPHS

Table | Characteristics of four county-level and district areas
selected

Characteristics Rushan Taixing Yuhu Wuhou
Resident population (million)  0.59 1.08 0.57 1.08
Urbanization rate (%) 274 30.7 87.0 100.0
Number of medical institutes
Tertiary hospitals | | 2 8
Secondary hospitals | 4 4 12
Primary health care sites® 490 420 450 70

Note: *Primary hospitals, health centers, and clinics included.

policy, all patients with a definite diagnosis in screenings and
a stable condition in secondary or tertiary hospitals should
be managed in primary health care sites. Therefore, we
defined our study population as patients aged >35 years with
a diagnosis of hypertension served by primary health care
sites.® We performed this study under an approval from the
National Center for Chronic and Noncommunicable Disease
Control and Prevention Chinese Center for Disease Control
and Prevention. The data accessed from the NPPHS were
de-identified. It was recognized that the right and the welfare
of the subjects in this study were adequately protected; the
potential benefits from this study and the potential risks to
subjects were within a reasonable range.

Measurements and definitions

According to the NPPHS policy, trained general practitio-
ners measured with an appropriate arm cuff and a qualified
mercury column sphygmomanometer (<5% from electronic
sphygmomanometers) on the upper arm and recorded BP
values after a resting period in the seated position with
back supported, arm resting at heart level, and feet on the
floor. Meanwhile, they filled out electronic health care files
including height, weight, history of diseases (eg, diabetes),
BP, and drug use. We defined invalid BP values as SBP >260
mmHg or SBP <70 mmHg, DBP >150 mmHg or DBP <40
mmHg, and pulse pressure >150 mmHg or pulse pressure
<20 mmHg.’ All patients included in our analysis had valid
baseline BPs defined as the mean of two readings.”® We also
defined stages 1-3 of hypertension and controlled hyperten-
sion at baseline as SBP =140-159 mmHg and/or DBP =90-99
mmHg, SBP =160-179 mmHg and/or DBP =100-109
mmHg, SBP 2180 mmHg and/or DBP >110 mmHg, and
SBP <140 mmHg and DBP <90 mmHg, respectively.” The
NPPHS policy required four free follow-ups with qualified
BP measurements per year after an establishment of hyperten-
sion-related health care files.® For patients with five or more
follow-ups, we kept the first two and the last two ones under
the calculation of compliance. Our analysis excluded the
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middle follow-up records near the year end, likely affected by
an annual assessment. Therefore, each patient had zero to four
follow-ups. For patients with antihypertensive medication at
the first follow-up, compliance with treatment was defined as
a continued treatment with the same specified class of anti-
hypertensive agents at next three follow-ups, ie, medication
possession ratio (MPR) — the ratio of total days of medication
supplied to total days in a period of time — equals to 1.0.1°
In those with compliance, BP control was defined as SBP
<140 mmHg and DBP <90 mmHg of four follow-ups within
1 year.” Current Chinese guidelines recommended calcium
channel antagonists (CCBs), diuretics, beta-blockers (BBs),
angiotensin-converting enzyme (ACE) inhibitors (ACEIs),
and angiotensin receptor blockers (ARBs) as the first-line
antihypertensive drugs; the non-first-line drugs in this study
mainly included reserpine, dibazole, alpha-blockers (ABs),
and traditional Chinese medicine (TCM) such as luobuma
(Apocynum venetum L) and Ginkgo biloba. In China, a
first-line drug is commonly combined with non-first-line
components, but Chinese guidelines do not oppose this use;
this prescription was defined as first- and non-first-line drugs
such as a fixed-dose single-pill combination drug consisting
of hydrochlorothiazide as well as reserpine, potassium chlo-
ride, dihydralazine sulfate, and promethazine.

Statistical analyses

We used risk ratio (RR) with 95% confidence intervals
(CIs) to compare the rate of BP control between drugs,
based on robust Poisson method-based models and adjusted
for confounders such as gender, age, areas, baseline SBP,
body mass index, and diabetic history. In order to correct
intraclass correlation, such models combined areas as repeat

Table 2 Characteristics of hypertensive populations included

measurements.'! A paired #-test was employed in comparisons
before and after treatment. All analyses employed SAS ver-
sion 9.2 (SAS Institute, Cary, NC, USA). All P-values were
two-sided except P trend tests based on the robust Poisson
method, in which we used one-sided P-values, and a P-value
<0.05 was statistically significant.

Results

Due to missing or invalid information at baseline of variables
such as gender, age, and BP, 3,926 (1.5%) individuals were
excluded. The final database included 254,848 hypertensive
patients. Table 2 shows the characteristics of baseline popula-
tion. In total, 44.4% was male; the mean age was 66.1+11.4
years. Proportions of managed patients in the local residents
and BP levels were likely higher in rural areas, compared
with urban areas. Regardless of geographic variations, >65%
of the managed patients achieved the policy requirement of
four follow-ups within 1 year.

We found 127,871 hypertensive patients (50.2%) with
any antihypertensive drug at the first follow-up (Table 3).
Of whom, patients with first-line antihypertensive drugs
accounted for 64.9%; this proportion was higher in urban
areas compared with rural areas (85.3% vs 55.8%, P<0.001).
Patients with CCBs, ACEIs, diuretics, ARBs, and BBs in
monotherapy accounted for 28.8%, 18.3%, 3.3%, 1.7%, and
1.2% of treated patients, respectively. CCB monotherapy
was the most common medication in urban areas (57.1% vs
15.6% in rural areas, P<0.001); in rural areas, however, the
most common one was single-pill combinations including
first-line drugs — diuretics were factually combined into all
pills — and non-first-line drugs (34.4% vs 10.7% in urban
areas, P<0.001). Despite a less use of diuretics monotherapy,

Characteristics County-level and district areas Total
Rushan Taixing Yuhu Wuhou

Number of hypertensive patients managed 48,628 113,662 45,360 47,198 254,848

Age (years) 64.9£10.7 66.9+12.0 67.6x10.4 64.3£11.5 66.1t11.4

Male (%) 39.2 46.2 43.7 46.0 44.4

Baseline SBP (mmHg) 155.5420.3 139.0+17.2 132.8+17.4 127.9+9.0 139.0+19.0

Baseline DBP (mmHg) 92.7£11.3 85.0+10.2 81.2£10.0 76.116.8 84.2t11.2

Controlled hypertension (%) 12.5 39.2 65.4 91.1 48.4

Stage | hypertension (%) 33.0 40.9 22.7 7.2 29.9

Stage 2 hypertension (%) 343 15.6 9.0 1.5 15.4

Stage 3 hypertension (%) 20.2 43 2.8 0.3 6.3

Antihypertensive medications (%) 66.4 48.5 743 14.3 50.2

Previously diagnosed diabetes (%) 9.1 1.2 8.9 285 13.6

Body mass index (kg/m?) 25.743.3 23.8%3.2 23.743.1 23.3£2.7 24.11£3.2

>4 follow-ups (%) 77.3 68.6 784 80.4 74.2

Notes: *Any use of antihypertensive drugs observed at the first follow-up.

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
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patients frequently took diuretics in compound with other
antihypertensive components, such as other first-line antihy-
pertensives (ACEIs or ARBs) and non-first-line antihyper-
tensives (reserpine, dibazole, or TCMs); this accumulated
a large population (41.1%) accessing diuretics in the form
of diuretics only (3.3%), single-pill combination (5.6% for
first-line drugs plus 26.9% for non-first-line drugs), and
multiple-pill combination (5.2%).

About 104,333 (81.6%) patients with antihypertensive
medications at the first follow-up persisted in treatments
at the next three follow-ups. Compliance rates varied from
58.5% to 73.5% for first-line monotherapies. For single- and
multiple-pill combinations in first-line drugs, compliance was
79.9% and 53.2%; for regimens combined with non-first-line
drugs, this rate was 69.5% and 45.0%, respectively. In those
with compliance, an overall rate of BP control was 44.2% and
this rate was 50.4%, 38.2%, and 48.8% for first-line, first- and
non-first-line, and non-first-line drugs, respectively. Table 4
shows a rate of BP control of main drug uses. Patients in more
urbanized areas retained a better BP control for each drug use.

Considering difference of baseline BPs in patients between
areas, we showed mean baseline BP levels stratified according
to drug class and mean decreases after treatment. As shown in
Table 5, populations with higher baseline BP levels had more
BP decreases for each drug in Rushan, Taixing, and Yuhu and
for the Wuhou population with a low BP level at baseline,
this fair BP level retained in each drug group. Specially, in
this population with compliance, rural individuals with higher
baseline BPs had more benefits on BP decreases, compared
with urban individuals. We compared baseline characteris-
tics in people with different drugs and BP control between
main drug uses (Table S1; Figure 1). Due to a popular use of
CCBs, we included patients with CCB monotherapy as the
reference group. Compared with CCB monotherapy, BBs as
well as ACEIs and ARBs showed a similar BP control after
the adjustment for confounders, regardless of areas; diuretics
monotherapy increased an overall BP control by 11% (RR,
1.11; 95% CI, 1.08-1.13) despite a less use. Interestingly,
first-line multiple-pill combinations generally decreased BP
control by 26% (RR, 0.74; 95% CI, 0.70-0.79) in three less

Table 3 Antihypertensive drugs at the first follow-up and compliance with treatment in hypertensive populations

Number (%) of patients with specific drug classes at

the first follow-up

Number (%?) of patients with the same specified
class of drugs at next three follow-ups

Rushan Taixing Yuhu Wuhou Total Rushan Taixing Yuhu Wuhou Total
Any first-line drugs 19,715 28,737 28,177 6,295 82,924 12,099 22,800 24,052 4,997 63,948
61.1) (52.1) (83.6) (93.0) (64.9) 61.4) (79.3) (85.4) (79.4) (77.1)
CCB only 6,730 6,932 19,371 3,746 36,779 2,588 5,257 16,243 2,928 27,016
(20.9) (12.6) (57.5) (55.4) (28.8) (38.5) (75.8) (83.9) (78.2) (73.5)
Diuretics only 2,064 177 1,849 170 4,260 725 132 1,504 132 2,493
(6.4) 0.3) (5.5) (2.5) (3.3) (35.1) (74.6) (81.3) (77.7) (58.5)
BB only 443 233 649 243 1,568 145 175 567 173 1,060
(1.4) 0.4) (1.9) (3.6) (1.2) (327) (75.1) (87.4) (71.2) (67.6)
ACEI only 6,109 12,721 3,768 801 23,399 1,613 9,735 3,221 615 15,184
(18.9) (23.1) (11.2) (11.8) (18.3) (26.4) (76.5) (85.5) (76.8) (64.9)
ARB only 804 299 777 315 2,195 388 231 656 217 1,492
(2.5) (0.5) (2.3) (4.7) (1.7) (48.3) (77.3) (84.4) (68.9) (68.0)
Single-pill 0 5,859 1,252 3 7,114 - 4,596 1,074 3 5,673
combination (10.6) (3.7) (0.0) (5.6) (78.4) (85.8) (100.0) (79.7)
Multiple-pill 3,565 2,516 511 1,017 7,609 1,027 2,000 350 674 4,051
combination ([UR)) (4.6) (1.5) (15.0) (6.0) (28.8) (79.5) (68.5) (66.3) (53.2)
Any first- and non- 11,028 24,516 4,296 338 40,178 3,946 19,954 3,508 253 27,661
first-line drugs (34.2) (44.5) (12.8) (5.0 (31.4) (35.8) (81.4) 81.7) (74.9) (68.9)
Single-pill 7,973 22,122 4,039 299 34,433 2,362 17,849 4,372 225 24,808
combination (24.7) (40.1) (12.0) (4.4) (26.9) (29.6) (80.7) (82.7) (75.3) (69.5)
Multiple-pill 3,055 2,394 257 39 5,745 467 1,915 176 28 2,586
combination 9.5) 4.3) 0.8) (0.6) (4.5) (15.3) (80.0) (68.5) (71.8) (45.0)
Any non-first-line 1,530 1,874 1,232 133 4,769 329 1,417 1,021 104 2,871
drugs 4.7) (34) (3.7) (2.0 (3.7) (21.5) (75.6) (82.9) (78.2) (60.2)
Total 32,273 55,127 33,705 6,766 127,871 24,120 45,681 29,157 5,375 104,333
(100.0) (100.0) (100.0) (100.0) (100.0) (74.7) (82.9) (86.5) (79.4) (81.6)

Note: ‘Denominators are number of patients with specific drugs at the first follow-up.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, beta-blocker; CCB, calcium channel antagonist.
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0.6
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RR

CCB D BB ACEl ARB $1 C1 S2
P-value Ref 0.038 0.273 0.697 0.405 - 0.001 0.077

Taixin 13

9 1.2 1.09 1.09
:11(1) 1.00 0.99 0.96 0.95 0.95
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08 0.72
0.7

0.6

RR

CCB D BB ACEl ARB $1 C1 S2
P-value Ref 0.939 0.480 0.131 0.419 0.154 <0.001 0.078

Yuhu 13

1.2

1.1
:::) 1.00 099 1.00 0.99 1.00

0.9

0.8 0.74
0.7

0.6

0.88

RR

CCB D BB ACEl ARB $1 C1 S2
P-value Ref 0.001 0.833 0.947 0.901 0.912 <0.001 <0.001

13
Wuhou 12 07 105 109 113
1.1 100 ' ' 1.00 1.05 103

1.0
0.9
0.8
0.7
0.6

RR

CCB D BB ACEl ARB $1 C1 S2
P-value Ref 0.442 0.542 0.061 0.978 0.834 0.313 0.657

13
1.2 1.1

11 1.00 103 599 1.00
10 0.96 0.93

0.9 0.84
0.8
0.7
0.6

Total

RR

CCB D BB ACElI ARB St C1 S2
P-value Ref <0.001 0.247 0.682 0.761 0.038 0.088 0.046

Figure | Comparison of |-year BP control between main drug uses in hypertensive patients with compliance.

Notes: Compliance with treatment means prescription of specific drug classes at each of four follow-ups. Ref, patients with CCB monotherapy were taken as the reference
group; RR, risk ratio adjusted for gender, age, area, baseline SBP, baseline BMI, and diabetic history; S|, fixed-dose single-pill combinations only including first-line drugs; S2,
single-pill combinations including both first-line and non-first-line drugs; C I, multiple-pill combination of frst-line drugs.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; BB, beta-blocker; BP, blood pressure; CCB, calcium channel antagonist;
D, diuretic.
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Table 4 One-year BP control for main drug uses in hypertensive populations with compliance

Number of patients with compliance Number (%) of patients with BP control

Rushan  Taixing  Yuhu Wuhou  Total Rushan Taixing Yuhu Wuhou Total
CCB 2,588 5,257 16,243 2,928 27,016 947 (36.6) 2,043 (38.9) 10,966 (67.5) 2,489 (85.0) 16,445 (60.9)
Diuretics 725 132 1,504 132 2493 302(417) 49 (37.1) 1,141 (759) 119 (90.2) 1,611 (64.6)
BB 145 175 567 173 1,060 64 (44.1) 69 (39.4) 374 (66.0) 156 (90.2) 663 (62.6)
ACEI 1,613 9,735 3,221 615 15,184 590 (36.6) 3,527 (36.2) 2,147 (66.7) 562 (91.4) 6,826 (45.0)
ARB 388 231 656 217 1,492 140 (36.1) 91 (394) 440 (67.1) 183 (84.3) 854 (57.2)
Sl 0 4,596 1,074 3 5,673 0 1,666 (36.3) 711 (66.2) 3(100.0) 2,380 (42.0)
Cl 1,027 2,000 350 674 4,051 296 (28.8)  518(25.9) 171 (48.9) 607 (90.1) 1,592 (39.3)
S2 2,362 17,849 4,372 225 24,808 931 (394) 6,514 (36.5) 2,562 (58.6) 198 (88.0) 10,205 (41.1)

Notes: No patients persisted with multiple-pill combination of non-first-line drugs. S, fixed-dose single-pill combinations only including first-line drugs; S2, single-pill
combinations including both first-line and non-first-line drugs; CI, multiple-pill combination of frst-line drugs.
Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; BB, beta-blocker; BP, blood pressure; CCB, calcium channel

antagonist.

urbanized areas, but a similar BP control was achieved in
the highly urbanized Wuhou (RR, 1.05; 95% CI, 0.96—1.15),
compared with CCB monotherapy.

Discussion

To the best of our knowledge, this is the first population-
based evidence indicating compliance with medications
and comparative effectiveness on BP control between main
antihypertensive drugs used by patients with hypertension
in primary health care sites of China.

We found that monotherapy with first-line recommended
drugs such as CCBs, BBs, and diuretics had a fair BP control
(Table 4; Figure 1), but few patients took BBs and diuretics in
monotherapy. Although 2014 American guidelines based on
RCTs did not take BBs as the first-line drug,! BBs in our study
bore BP controls similar to CCBs, as supported by the place
of'the first-line drug in current Chinese and European guide-
lines.? In the developed countries, BBs remained the most
frequently delivered drug with a stable prescription rate such
as 21.9%—24.2% indicated by the American Veterans Affairs
pharmacy data and ~30% in Belgium of the Europe,'>!* much
higher than the results from ours and China PEACE Million
Persons Project.'* A survey suggested concerns on BBs from
general practitioners such as bradycardia, metabolic disorders
of blood glucose and lipids, and less effects of prevention for
central aortic pressure and stroke in the elderly.'*'¢ Neverthe-
less, BBs own a definite effect on lowering BPs and protecting
from cardiovascular events and current Chinese guidelines
and expert consensus suggest an insufficient use of this drug
in China.'” The hypertension guidelines underscore diuretics
for all patients — particularly for Chinese patients character-
ized by salt-sensitivity.” Newer antihypertensive agents such
as CCBs and ACEIs are not superior to thiazide-based treat-
ment in an RCT;!® moreover, in our study, diuretics seemed to

have a likely better effect for BP control of those compliant
to medication for a year in the real world. Notably, Chinese
patients rarely took diuretics in monotherapy but frequently
took this drug in fixed combinations with other drugs. This
situation also happened in European countries such as Ger-
many where general practitioners gave some reasons, such as
insufficient BP-lowering capacity, concerns about side effects
from monotherapy, and convenient availability of diuretics in
fixed combinations.'** We also noted that combined treat-
ment — single-pill or multiple-pill — generally failed to achieve
BP control of the reference group (CCB monotherapy).
The NPPHS-based single pills were almost diuretics-based
fixed combinations with either first-line or non-first-line
drugs in our study. Compared with single-pill combination,
multiple-pill combination much more challenges the ability
of general physicians. In our study, a better effect of first-line
multiple-pill combination on controlling BP in the highly
urbanized Wuhou, compared with other three less urbanized
areas, suggested that BP control of hypertensive patients in
primary health care sites could be improved.

Two recent studies from China PEACE Million Persons
Project showed that the most commonly used medication
class was CCBs that were prescribed in 55.2% of the treated
hypertensive patients after screening for cardiovascular risk
factors and available in 75.5% of primary health care sites.!4*!
However, we found that a dramatic diversity between urban
and rural primary health care sites lied in hypertensive
patients with CCBs. Over a half of the patients in urban
areas took CCBs, but single-pill drugs combined with non-
first-line components were used more commonly in rural
areas as compared with CCBs. The higher levels of use of
monotherapy in urban areas may reflect the fact that they are
generally better controlled at the time of referral. Medical
insurance and cost limit of antihypertensive drugs prescribed

submit your manuscript

1472

Dove

Clinical Epidemiology 2018:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Clinical Epidemiology downloaded from https://www.dovepress.com/ by 107.23.129.77 on 27-May-2019
For personal use only

Dove

Pharmacological therapy and blood pressure control

Table 5 Baseline BPs and mean BP decreases from baseline of hypertensive populations with drug compliance

Group SBP (mmHg) DBP (mmHg)
At Mean decrease P-value for At Mean decrease P-value for
baseline from baseline® change baseline from baseline® change
Rushan
CCB (n=2,588) 154.3+20.5 18.7 (17.8 to 19.6) <0.001 91.9+11.3 9.8 (9.3to 10.3) <0.001
D (n=725) 157.9+21.1 23.1 (21.5 to 24.7) <0.001 92.5t11.6 10.6 (9.7 to 11.5) <0.001
BB (n=145) 147.4+18.3 16.0 (12.7 to 19.3) <0.001 89.7£10.3 8.5 (6.7 to 10.3) <0.001
ACEI (n=1,613) 157.8+20.0 21.6 (20.5 to 22.7) <0.001 93.7£10.9 10.6 (10.0 to 11.2) <0.001
ARB (n=388) 146.2+18.6 10.3 (8.3 to 12.3) <0.001 90.811.9 8.0 (6.7 t0 9.3) <0.001
S1 (n=0) - - - - - -
Cl (n=1,027) 157.0+21.8 18.1 (16.6 to 19.6) <0.001 93.5t12.1 10.0 (9.2 to 10.8) <0.001
S2 (n=2,362) 157.2+20.9 20.5 (19.6 to 21.4) <0.001 93.0t11.2 10.1 (9.6 to 10.6) <0.001
Subtotal (n=8,848) 155.9+20.8 19.6 (19.1 to 20.1) <0.001 92.7t11.4 10.0 (9.7 to 10.3) <0.001
Taixing
CCB (n=5,257) 138.6+16.4 4.6 (4.1 to 5.1) <0.001 85.619.8 2.7 (24 to 3.0) <0.001
D (n=132) 139.4+18.1 5.5 (2.5 to 8.5) 0.001 85.7£10.3 3.0 (1.1 to 4.9) 0.003
BB (n=175) 140.2+15.9 7.6 (5.1 to 10.1) <0.001 85.619.8 3.6 (2.0t0 5.2) <0.001
ACEI (n=9,735) 140.6+17.7 5.8 (5.4 to 6.2) <0.001 86.0£10.5 3.0 (28t03.2) <0.001
ARB (n=231) 138.9+17.3 3.7 (1.2t0 6.2) 0.004 85.6+10.8 2.1 (0.6 to 3.6) 0.006
S1 (n=4,596) 141.5+17.9 6.8 (6.3t07.3) <0.001 86.1£10.4 3.0 (2.7 to0 3.3) <0.001
Cl (n=2,000) 143.7£18.8 5.7 (4.8 to 6.6) <0.001 87.7£11.2 2.8 (2.3t0 3.3) <0.001
S2 (n=17,849) 140.3£17.1 5.7 (5.4 to 6.0) <0.001 85.3+10.1 2.6 (24t0 2.8) <0.001
Subtotal (n=39,975) 140.5+17.4 5.7 (5.5t0 5.9) <0.001 85.7+10.3 2.7 (2.6 to 2.8) <0.001
Yuhu
CCB (n=16,243) 133.3£17.2 44 (4.1 to 4.7) <0.001 81.1£10.0 2.9 (2.7 to 3.1) <0.001
D (n=1,504) 130.3£16.5 3.5 (2.6 t0 44) <0.001 80.919.6 3.1 2.5t03.7) <0.001
BB (n=567) 133.8£16.7 5.0 (3.5 to 6.5) <0.001 80.8+8.8 3.1 (23 t0 3.9) <0.001
ACEI (n=3,221) 134.6+18.2 54 (4.7 t0 6.1) <0.001 82.3+104 4.1 3.7 to 4.5) <0.001
ARB (n=656) 132.6+15.4 4.1 (2.8 to 5.4) <0.001 80.319.6 2.7 (1.3to 4.1) <0.001
S1 (n=1,074) 132.9£15.2 34 (23t045) <0.001 81.619.4 2.8 (2.2 to 3.4) <0.001
Cl (n=350) 136.7£19.6 4.7 2.4 t0 7.0) <0.001 82.7£10.8 29 (1.6 to 4.2) <0.001
$2 (n=4,372) 134.1£17.5 36(30t042) <0.00I 82.310.2 2.8 (24t032) <0.001
Subtotal (n=27,987) 133.3£17.3 4.3 (4.1 to 4.5) <0.001 81.4£10.0 3.1 3.0to0 3.2) <0.001
Wuhou
CCB (n=2,928) 127.4£7.8 —0.8 (—I.1 to —0.5) <0.001 76.5t6.4 —0.1 (-0.4 t0 0.2) 0.344
D (n=132) 128.246.8 14 (0t028) <0.001 75.846.9 1.5 (<02 t0 3.2) 0.072
BB (n=173) 126.4+8.0 —1.7 (-3.1 to -0.3) 0.016 75.4t6.4 —-1.9 (-3.1 to -0.7) 0.002
ACEI (n=615) 128.0£5.6 3.0(2.2t03.8) <0.001 76.0£5.8 1.2 (0.6 to 1.8) <0.001
ARB (n=217) 127.527.1 —0.6 (—1.8 t0 0.6) 0.320 76.5t6.4 —0.7 (-1.8 to 0.4) 0.184
S1 (n=3) 123.0£17.6 —4.3 (—19.1 to 10.5) 0.623 73.314.2 —5.3 (-19.1 to 8.5) 0.529
Cl (n=674) 126.2+8.0 —1.8 (2.6 to —1.0) <0.001 75.11£6.3 -1.7 (23 to —-1.1) <0.001
S2 (n=225) 127.617.4 —0.1 (-1.3to I.1) 0.860 76.416.3 —0.7 (1.7 t0 0.3) 0.158
Subtotal (n=4,967) 127.3+7.5 —0.4 (0.7 to -0.1) 0.005 76.316.3 —0.3 (-0.5 to -0.1) 0.022
Total
CCB (n=27,016) 135.7+18.0 5.3 (5.1 to 5.5) <0.001 82.5£10.5 3.2 (3.1 to 3.3) <0.001
D (n=2,493) 138.7121.6 9.2 (8.4 to 10.0) <0.001 84.3t11.5 5.2 (4.7 t0 5.7) <0.001
BB (n=1,060) 135.5+16.9 5.9 (4.8 t0 7.0) <0.001 82.019.8 3.1 2.5-3.7) <0.001
ACEI (n=15,184) 140.7+19.0 7.2 (6.9 to 7.5) <0.001 85.6x11.0 3.9 (3.7to4.l) <0.001
ARB (n=1,492) 136.4£17.1 5.0 (4.1 to 5.9) <0.001 83.3£17.3 3.5(29to4.l) <0.001
S1 (n=5,673) 139.8+17.8 6.1 (5.6 to 6.6) <0.001 85.2+10.4 29 (2.6 to 3.2) <0.001
Cl (n=4,051) 143.5+20.9 7.3 (6.6 to 8.0) <0.001 86.6+12.3 3.9 (3.5t0 4.3) <0.001
S2 (n=24,808) 140.7£18.5 6.7 (6.5 to 6.9) <0.001 85.5+10.6 33 (32t0 34) <0.001
Total (n=81,777) 138.9£18.7 6.4 (6.3 to 6.5) <0.001 84.4£10.8 3.5 (3.4 to 3.6) <0.001

Notes: *Means with 95% confidence intervals. Sl, fixed-dose single-pill combinations only including first-line drugs; S2, single-pill combinations including both first-line and
non-first-line drugs; Cl, multiple-pill combination of frst-line drugs.
Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptorblockers; BB, beta-blocker; BP, blood pressure; CCB, calcium channel antagonist;
DBP, diastolic blood pressure; SBP, systolic blood pressure.
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by general practitioners also partly led to a different drug use
between areas.?’ Compliance with drugs is associated with
BP control. Our study generally showed that both CCBs and
single-pill combination bore fare compliance. This could
lead to much frequency in use of these two drug classes. Our
findings on diversity of drug choice and compliance between
areas and between specific drugs reflected a complicated
context; health policies and related behaviors of patients
and general practitioners as well as efficacy, side effect, and
cost of a drug itself would have impact on the effectiveness
of antihypertensive drugs in the real world.

BP control also depends on many factors in the real world
besides a drug choice and compliance. As shown in Table 4,
difference between urban and rural regions in hyperten-
sion control far exceeds the difference between medication
classes, suggesting a profoundly structural — rather than
pharmacological — cause of inadequate hypertension control
in China. However, in the population with compliance to
antihypertensive drugs, rural individuals with higher base-
line BPs had more benefits on BP decreases, compared with
urban individuals (Table 5); this suggested that drugs could
play a leading role in BP control for this population. Patients
involved in this service system have much chance to make
their BPs controlled, particularly during a free follow-up,
including BP measurements, health education, and transfer
of treatment by primary health care sites; these accesses to
health care services increase adherence to pharmacological
therapy. Obviously, following a regular follow-up, patients
in more urbanized areas achieved better BP controls; this
likely resulted from lower initial BP levels, more shares of
patients from a referral of better hospitals, and better drug
uses. Nevertheless, 50.2% of BP control for the population
with a normative follow-up management in our limited areas
was much higher than 9.7% of BP control in current China
and similar to 52.5% in the United States that required similar
services such as appropriate lifestyle modifications, evidence-
based treatment, and adequate follow-ups.**>%

Lastly, involving patients into the NPPHS as much as
possible is essential to effect primary health care services.
Given a constitution of hypertension on gender and age, this
service system of four areas involved less male and young
patients likely due to their worse compliance to health care
services (Table 2). The NPPHS includes a free establishment
of individual health care files for all residents, a free BP
measurement per year or at the first clinic visit for people
aged =35 years, and free check-ups for individuals aged 265
years;’ these services could improve detection of hyperten-
sion. We, however, also emphasize an active screening for

hypertension in the setting of less ideal awareness for hyper-
tensive condition (20.1% in rural areas and 32.5% in urban
areas of China),*! as supported by a recent study conducted
in Beijing; in this study, hypertensive patients newly identi-
fied by active screening accounted for 30% of all patients
in an urban community.?* Next, more secondary or tertiary
hospitals in urban areas than those in rural ones likely led to a
lower management proportion of patients in residents and less
hypertensive patients — particularly patients with stage 2—3
hypertension — transferred to primary health care sites. This
situation is related to many reasons such as profit-making of
secondary or tertiary hospitals, weak attraction of primary
health care sites for patients due to a level of diagnosis and
treatment, and blocked interchange of information between
medical institutes. Thus, we observed a relatively small
population size of patients and a low rate of medications in
the highly urbanized Wuhou, that is, 47,198 patients of 1.08
million people and 14.3% (Tables 1 and 2), respectively.

Strength and limitations
Our study has several strengths. First, this study supplemented
evidence beyond RCTs and translated efficacy-based evidence
into a likely widespread adoption of a generalized popula-
tion.”® Second, this study involved all qualified patients of
the four areas; this big-data-based method avoided selective
bias and guaranteed authenticity in representative areas and
may predict the future of epidemiology.?6 Third, this study
is of follow-up and can truly reflect compliance with treat-
ment and BP control within 1 year. Lastly, the information
of drugs in this study — usually difficult to obtain accurately
in classical epidemiological fields — was more reliable due to
extracting from a real-time record by general practitioners and
monitoring by the Center for Disease Control and Prevention.
There are some limitations in this study. Prospective
studies with cardiovascular events, such as stroke and acute
myocardial infarction, as outcomes would have to warrant
our findings in the future. Next, the non-random assignment
to drugs, analysis restricted to only those individuals who
persisted in therapy, and the referral filter that made a fraction
of the hypertensive individuals fail to enter into this cohort
could limit interpretation of the data, but our universal set of
the NPPHS-based hypertensive patients in the four typical
areas reflected a real situation of drug use, and based on this
big data set, we compared drugs after adjustment for con-
founders. Also, we have to acknowledge some limitations of
estimating compliance using electronic health care data. For
instance, we have to define compliance-based four follow-ups
within 1 year per the national norm; this time interval defined
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between follow-ups is overall likely longer than that in MPR
— the standard accepted for evaluating compliance using
retrospective data.!’ Nevertheless, the public health practice
needs an accepted quantitative definition on compliance with
treatment that is lacking in the current norm of NPPHS of
China; the MPR may be one of our choices. In addition, a hint
of BP measurements from electronic sphygmomanometers
could add heterogenicity of measurements; however, this low
proportion of using electronic sphygmomanometers in the
NPPHS and a consistence between electronic and mercury
sphygmomanometer could not change our results.?

Conclusion

The NPPHS could improve choice, compliance, and com-
bination of drugs in rural areas and enhance a referral of
hypertensive patients from secondary or tertiary hospitals
into the primary health care sites as much as possible in urban
areas and drug use such as diuretics may be strengthened in
primary health care sites.
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Supplementary material

Table S| Baseline characteristics of hypertensive populations with compliance to different drugs

Age (years) Male (%) SBP (mmHg) DBP (mmHg) Diabetic history (%) BMI (kg/m?)
Rushan
CCB (n=2,588) 66.419.9 39.0 154.3+20.5 91.9+11.3 10.2 25.843.1
D (n=725) 64.5£10.0 29.7 157.921.1 92.5+11.6 10.3 26.2+3.3
BB (n=145) 65.7£10.1 40.7 147.4+18.3 89.7+10.3 6.9 25.9£3.0
ACEI (n=1,613) 64.0£10.4 36.8 157.8+20.0 93.7£10.9 8.8 259433
ARB (n=388) 63.8+10.5 394 146.2+18.6 90.8+11.9 10.1 26.13.1
S1 (n=0) - - - - - -
Cl (n=1,027) 65.6£10.1 41.6 157.0+21.8 93.5t12.1 10.5 26.313.4
S2 (n=2,362) 65.9+10.5 323 157.2+20.9 93.0£11.2 79 24.1£3.3
Subtotal (n=8,848) 65.4+10.3 36.4 155.9+20.8 92.7+11.4 9.3 25.9+3.3
Taixing
CCB (n=5,257) 66.8+11.9 46.2 138.6+16.4 85.619.8 12.7 23.9+3.1
D (n=132) 64.7£10.6 37.9 139.4+18.1 85.7+10.3 9.1 24.7£3.6
BB (n=175) 66.6x11.5 53.1 140.2+15.9 85.619.8 9.1 24.1£3.3
ACEI (n=9,735) 67.6x11.6 533 140.6+17.7 86.0+10.5 10.2 24.0£3.2
ARB (n=231) 67.7£11.8 44.2 138.9+17.3 85.6+10.8 12.1 24.813.2
S1 (n=4,596) 68.0t11.4 48.8 141.5£17.9 86.1+10.4 12.1 242134
CI (n=2,000) 66.6x11.3 53.0 143.7+18.8 87.7t11.2 13.7 24.9+3.4
S2 (n=17,849) 68.6t11.4 42.6 140.317.1 85.3£10.1 10.9 23.9+3.2
Subtotal (n=39,957) 67.9t11.5 454 140.5+17.4 85.7+10.3 1.2 24.013.3
Yuhu
CCB (n=16,243) 67.8£10.1 43.3 133.3£17.2 81.1+£10.0 9.9 23.71£3.0
D (n=1,504) 67.3£10.8 42.7 130.3£16.5 80.9+9.6 8.6 23.813.0
BB (n=567) 68.619.2 42.2 133.8£16.7 80.8+8.8 18.2 23.9+3.0
ACEI (n=3,221) 65.8+10.5 45.2 134.6+18.2 82.3+10.4 10.5 24.14£3.2
ARB (n=656) 66.519.8 42.1 132.6£15.4 80.319.6 18.6 24.413.1
S (n=1,074) 66.019.7 43.0 132.9£15.2 81.619.4 1.7 242434
Cl (n=350) 64.7£10.8 46.0 136.7£19.6 82.7+10.8 6.3 242433
S2 (n=4,372) 66.119.9 39.6 134.1£17.5 82.3+10.2 8.1 24.1£3.1
Subtotal (n=27,987) 67.2£10.1 429 133.4£17.3 81.4+10.0 10.0 23.8£3.0
Wuhou
CCB (n=2,928) 63.4£10.9 49.8 127.417.8 76.5t6.4 27.2 23.3+2.6
D (n=132) 61.9£13.1 46.2 128.2+6.8 75.816.9 26.5 23.31£2.6
BB (n=173) 63.8+12.2 57.2 126.418.0 75.4+6.4 29.5 23.7£2.8
ACEI (n=615) 65.5+11.9 51.5 128.015.6 76.0+5.8 423 22.5+2.4
ARB (n=217) 65.7+11.9 39.6 127.547.1 76.5t6.4 31.8 23.7+£2.8
SI (n=3) 61.3£133 333 123.0+17.6 73.314.2 333 28.8+5.7
Cl (n=674) 67.1£11.5 46.6 126.218.0 75.1£6.3 325 23.8+2.9
S2 (n=225) 65.9+11.3 40.4 127.617.4 76.416.3 19.6 23.612.6
Subtotal (n=4,967) 63.5t11.3 48.6 127.317.5 76.316.3 29.7 23.31£2.7
Total
CCB (n=27,016) 67.0+10.6 44.2 135.7£18.0 82.5+10.5 12.4 23.943.1
D (n=2,493) 66.1+£10.8 388 138.7121.6 84.3+11.5 10.1 24.5+3.3
BB (n=1,060) 67.1£10.4 43.9 135.5£16.9 82.019.8 17.0 24.243.1
ACEI (n=15,184) 66.5t11.3 45.5 140.7£19.0 85.6x11.0 1.4 24.1£3.2
ARB (n=1,492) 66.8+10.8 41.4 136.4£17.1 83.3£17.3 17.3 24.813.2
S1 (n=5,673) 67.6x11.1 47.7 139.8+17.8 85.2+10.4 12.0 242134
Cl (n=4,051) 66.2£11.0 48.4 143.5+20.9 86.6+12.3 15.4 249134
S2 (n=24,808) 67.9t11.1 41.1 140.7+18.5 85.5+10.6 10.2 24.1£3.3
Total (n=81,777) 67.2+11.0 43.8 139.0£18.8 84.5£10.9 1.7 24.143.2

Notes: S|, fixed-dose single-pill combinations only including first-line drugs; S2, single-pill combinations including both first-line and non-first-line drugs; CI, multiple-pill

combination of first-line drugs.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; BB, beta-blocker; BMI; body mass index; CCB, calcium channel
antagonist; DBP, diastolic blood pressure; D, diuretic; SBP, systolic blood pressure.
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