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Aims: Studies have shown that combination anti-hypertensive therapy is superior to mono-therapy in blood
pressure control and prevention of cardiovascular events. However, whether such advantage exists in the
prevention of stroke in Chinese hypertensive patients remains unclear. This study aimed to compare the impact
of initial combination versus mono-therapy on stroke events in a large cohort of Chinese hypertensive patients.
Methods and Results: Hypertensive patients with uncontrolled blood pressure and without a history
of stroke were screened from the Shanghai Community-dwelling Hypertensive Population Follow-
up Database. Based on the initial treatment, individuals were divided into an initial mono-therapy group
and initial dual combination group. Patients were followed for 42 months. 32,682 and 4,926 patients
were included in the initial mono- and dual-therapy group. The achieved target blood pressure control
rates of mono vs. combination groups at 6, 12, 24, and 42 months of follow-up, were 59.47% wvs. 60.05%,
78.23% wvs. 77.06%, 85.51% vs. 84.02%, and 86.90% vs. 85.44%, respectively. Their corresponding
incidence densities of stroke were 0.792 vs. 0.489, 1.49 vs. 1.15, 2.79 vs. 2.38, and 4.25 vs. 4.32 (cases per
100 person-year), respectively. The 6-month incidence of stroke in dual-therapy group was significantly lower
than mono-therapy group (adjusted HR 0.64; 95% CI: 0.30-0.93). However, no significant group differences in
the incidence density were observed at 12, 24, and 42 months.

Conclusions: Our study demonstrates that, for patients with uncontrolled hypertension, initial dual

therapy is more effective in the prevention of stroke during the first 6 months of treatment, but not thereafter.

Combination antihypertensive therapy may be a beneficial initial strategy for early stroke prevention.
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Introduction

Stroke is one of the leading causes of mortality and disability
worldwide (1,2). In China, stroke has surpassed coronary
heart disease and become the leading cause of death among
adults, with 1,500,000 deaths in 2011 (3). Its mortality in
China is 4-5 times higher than that in the United States and
European countries, 3.5 times higher than that in Japan,
and also higher than those in Thailand, India and other
developing countries (4). High blood pressure is the most
important risk factor for stroke, which accounts for 40-50%
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of stroke in Chinese population (5). Effective treatment of
hypertension can achieve blood pressure control (6). Many
large-scale multi-center randomized controlled studies
and meta-analysis have demonstrated that lowering blood
pressure in hypertensive patients is fundamental for the
prevention of stroke and other cardiovascular events (7-11).

Hypertension is a complex chronic disease, with an
etiology involving multiple physiologic mechanisms,
including the renin-angiotensin-aldosterone system,

sympathetic tone, and body fluid volume regulatory
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system (12). Individual antihypertensive drugs target
single mechanism and have limited efficacy in advanced
hypertension (13,14). Therefore most current clinical
hypertension guidelines recommend combination of at
least two anti-hypertensive drugs for the initial treatment
of grade >2 hypertension or complicated hypertension
(5,15,16). During the initial phase of hypertension
treatment, combination therapy has been shown to increase
the rate of blood pressure control, but also shorten the time
to achieve control (17,18). Randomized controlled clinical
studies demonstrate a reduced incidence of cardiovascular
events including stroke, even for patients with grade
1 hypertension, if target blood pressure was achieved within
3 to 12 months during initial treatment (19,20).

Recent data from controlled trial with limited inclusion of
Asian populations and relatively short observation period (21)
suggest that initial combination therapy might effectively
prevent stroke in hypertensive patients. However, data in
Chinese population is limited. Thus we compared the impact
of initial mono- versus combination-therapy in preventing
stroke in Chinese hypertensive patients, using the population-
based “Shanghai Electronic Health Record Management
System of Community Residents (SEHRMSCR)”.

Methods
Data source

All the data were obtained from the follow-up database
of the population-based “Shanghai Electronic Health
Record Management System of Community Residents
(SEHRMSCR)”. As previously described (22), SEHRMSCR
is an electronic health record-based local health information
platform in Shanghai, China, which is established in 2005, it
covers 93.05% (n=830,400) of the local permanent residents
and 30.5% (n=334,800) of the floating populations in the
Minhang District, Shanghai. Results from medical records,
physical examination, chronic disease management, two-way
consultation, and medication management are collected
and transmitted through the network and stored at a
central location. Standard Operating Procedure (SOP) has
been developed for information gathering, recording and
transmission, and local medical staff has undergone training
for standardized information collection and management.
Compliance with SOP is verified by independent audits
on a regular basis. This registration system was sponsored
and supervised by Shanghai Health Bureau and the data
collection and information store complied with international
standards, including data confidentiality and safety. This
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study was approved by the Ethics Committee of Fudan
University.

Inclusion criteria

From the database, follow-up data of hypertensive patients
from January 1 2005 to July 31 2011 were selected. Inclusion
criteria were: (I) systolic blood pressure (SBP) >140 mmHg
and/or diastolic blood pressure (DBP) >90 mmHg
(measured on three different days, with an interval of at
least 14 days); (II) at least 18 years of age; (III) no history of
stroke; (IV) drug-naive for >6 months before enrollment;
(V) initiation of single- or dual-antihypertensive therapy.
Exclusion criteria included: (I) secondary hypertension; (II)
history of malignancy; (III) steroid treatment; (IV) patients
with unclear history of stroke at baseline or during follow-up
(V) subjects taking >3 classes of antihypertensive drugs and/
or using antihypertensive drugs that contain traditional
Chinese drugs/components.

Operational definitions

Based on the registration data in the SEHRMSCR, the
diagnosis of ‘stroke’ included ischemic (ICD-10 code 163-167)
and hemorrhagic stroke ICD-10 code 161), and transient
ischemic attack (TTA) ICD-10 code G45). New-onset stroke
was defined as patients who had no history of stroke at baseline,
but were diagnosed with stroke during the follow-up period.

Initial antihypertensive drugs included five drug classes:
calcium channel blockers (CCB), beta -blockers, angiotensin
II receptor blockers (ARB), angiotensin converting enzyme
inhibitor (ACEI), and diuretics. The time of drug initiation is
defined as the baseline (i.e., month 0); the follow-up is defined
as the ends of months 6, 12, 24, and 42. Four time periods are
defined: 0-6, 0-12, 0-24, and 0-42 months.

The decrease in blood pressure is defined as the difference
between the recorded blood pressure at baseline versus
each time point (i.e., the ends of months 6, 12, 24, and 42).
Target blood pressure control rate in patients without
diabetes or kidney disease, is defined as SBP <140 mmHg
and DBP <90 mmHg. In patients with diabetes or kidney disease,
it is defined as SBP <130 mmHg and DBP <80 mmHg (5).
The target blood pressure control rate is the percentage
of the cumulated patients who achieved the target blood
pressure among the total sample size (4).

“Switching of antihypertensive therapy”, it refers to the
condition of patients in the initial mono-therapy group,
who were switched to combination drugs/traditional
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Hypertensive adults (age =18 years) (N=159,775)

Y
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Had taken drugs for over 6 months or had already taken

\

Did not take any antihypertensive drugs over the past 6 months

(N=146,682)

hypertensive drugs before enrollment (N=13,093)

Received =3 classes of antihypertensive drugs or in

\

Received initial mono-therapy or combination-therapy with
antihypertensive drugs (N=79,472)

Y

combination with traditional Chinese drugs/proprietary
Chinese medicines (N=67,210)

\

SBP =140 mmHg and/or DBP =90 mmHg (N=37,661)

Y

With controlled blood pressure (N=41,811)

\J

Eligible subjects without stroke history (N=37,608)

Y

With a history of stroke before enrollment (N=53)

Figure 1 Flow chart of study sample inclusion. SBP, systolic blood pressure; DBP, diastolic blood pressure.

Chinese drugs/more than two classes of drugs during the
follow-up period were recorded. Also patient in the initial
combination group, who were switched to mono-therapy/
traditional Chinese drugs/more than two classes of drugs
were recorded. Switch rates were calculated at the ends of
months 6, 12, 24, and 42 as cross-sectional time points.

The switch rate was defined as the ratio between the
number of patients whose initial treatment was switched and
that of cumulated patients who received antihypertensive
therapy in that month.

Other variables

In addition to baseline blood pressure (SBP and DBP),
follow-up blood pressure, hypertensive medications,
and adjustment of medications during the follow-up, the
following information was collected from the database:
Socio-demographic characteristics (age, sex, height,
and weight), cardiovascular risk factors (smoking, total
cholesterol, early-onset family history of cardiovascular
disease, and diabetes), target organ damage (left
ventricular hypertrophy, proteinuria or abnormal serum
creatinine, atherosclerotic plaque, retinal artery stenosis),
cerebrovascular (stroke, TTA), and cardiovascular disease
history (myocardial infarction, angina, congestive heart
failure, and kidney diseases).

Statistical analysis
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Based on their initial therapy, subjects were divided into
the dual-therapy group and mono-therapy group. Baseline
characteristics, initial medications, decrease in blood
pressure, target blood pressure control rate, drug switching
patterns, and incidence density (cases per 100 person-years)
of stroke during the follow-up period were described.
The inter-group differences of continuous variables were
compared using z-test, and those of categorical variables
with chi-square test/Fisher’s exact test. The Kaplan-Meier
method (Log-rank test) was used for the comparison of
stroke risks in both groups. In the Cox proportional hazards
model, the baseline factors including socio-demographic
characteristics, baseline blood pressure, history of
cardiovascular disease, cardiovascular disease risk factors,
and target organ damage were included. The unadjusted
and adjusted hazard ratio (HR) and 95% confidence interval
(95% CI) of the stroke between these two groups were
calculated. All the statistical analyses were carried out using
the SAS 9.3 software and Stata 11.0.

Results

A total of 37,608 subjects met the inclusion criteria and were
enrolled in this cohort (Figure I). The initial mono- and
dual-therapy group included 32,682 (86.9%) and 4,926 (13.1%)
subjects, respectively. Table 1 shows the baseline data of the
two groups. Overall, compared with those in the mono-
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Table 1 The demographic and clinical characteristics of subjects

Initial mono-therapy

Initial combination

Variables Statistics P
group (N=32,682) group (N=4,926)
Age (years) 59.17+11.69 58.45+11.33 t=4.05 <0.0001
Gender
Men 16,759 (51.28) 2,775 (56.33) ¥’=43.86 <0.0001
Women 15,923 (48.72) 2,151 (43.67)
BMI 24.44+3.22 24.88+3.64 1=8.78 <0.0001
Baseline blood pressure
SBP 146.12+12.67 148.08+14.08 1=9.97 <0.0001
DBP 89.49+8.57 90.17+9.58 t=5.11 <0.0001
History of illness
Myocardial infarction 145 (0.44) 29 (0.59) ¥’=1.96 0.1620
Angina 567 (1.73) 118 (2.40) ¥’=10.45 0.0012
Congestive heart failure 102 (0.31) 21 (0.43) $’=1.71 0.1906
Kidney disease 255 (0.78) 47 (0.95) ¥’=1.63 0.2024
Risk factor
Smoking 5,993 (18.34) 1,068 (21.78) ¥°=31.38 <0.0001
Total cholesterol >5.72 mmol/L 1,147 (4.02) 212 (4.79) ¥’=7.75 0.005
Family history of early onset cardiovascular disease 1,857 (6.51) 286 (6.45) ¥’=0.12 0.8812
Diabetes 3,732 (12.96) 582 (13.06) 1°=0.66 0.417
Target organ damage
Left ventricular hypertrophy 418 (1.28) 80 (1.63) $¥=3.90 0.0486
Proteinuria or mildly increased plasma creatinine 383 (1.18) 83 (1.69) ¥=9.21 0.0024
Carotid ultrasound or X-ray-confirmed 1,967 (6.06) 308 (6.30) ¥=0.41 0.5081
atherosclerotic plaque
Retinal artery stenosis 643 (2.08) 93 (2.00) ¥’=0.14 0.7189

SBP, systolic blood pressure; DBP, diastolic blood pressure.

therapy group, patients in the combination group were
significantly younger, had a higher percentage of male
subjects, a higher body mass index (BMI), and higher
baseline blood pressure (DBP and SBP). In addition,
the incidence of angina, smoking, total cholesterol, left
ventricular hypertrophy, proteinuria, increased plasma
creatinine of combination group were also significantly
higher than mono group (P<0.0486).

As shown in Table 2, for initial treatment, the most
commonly used drug in the mono-therapy group was CCBs
(52.10%), followed by ARBs (18.72%). In the dual-therapy
group, the most common combination was “CCB + ARB”
(39.24%), followed by “CCB + ACEI” (22.13%).

As shown in Table 3, during 42 months of follow-up,
40.3% of patients in the mono-therapy group had switched
to combination therapy, most commonly addition of
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traditional Chinese drugs or proprietary Chinese medicines.
In the dual-therapy group, 43.6% of patients had switched
to other combination therapy, particularly the CCBs (7.8%).

The reduction of SBP was significantly larger in the initial
combination group than in the initial mono-therapy group,
while the reduction of DBP showed no such difference
at different time points except in the 42™ follow-up
month (Tuble 4).

The achieved target blood pressure control rates of mono
vs. combination at 6, 12, 24, and 42 months of follow-up,
were 59.47% wvs. 60.05%, 78.23% vs. 77.06%, 85.51% wvs.
84.02%, and 86.90% vs. 85.44%, respectively. The target
blood pressure control rate was significantly higher in
the combination group than in the mono-therapy group
before the 6" follow-up month; it was reversely higher in
the mono-therapy group after the 13" follow-up month.

www.jthoracdis.com
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Table 2 Baseline medications in the mono-therapy group and

combination group

Combination
group (n=4,926)

Mono-therapy

Drug classes group (n=32,682)

N % N %
B-blockers 3,696 11.31 0 0.00
CCB 17,028 52.10 0 0.00
ACEI 3,971 12.15 0 0.00
ARB 6,119 18.72 0 0.00
Diuretics 1,868 5.72 0 0.00
B-blocker + CCB 0 0.00 1,085  22.03
B-blocker + ACEI 0 0.00 124 2.52
B-blocker + ARB 0 0.00 139 2.82
B-blocker + diuretics 0 0.00 63 1.28
CCB + ACEI 0 0.00 1,090 22.13
CCB + ARB 0 0.00 1,933  39.24
CCB + diuretic 0 0.00 285 5.79
ACEIl + ARB 0 0.00 88 0.67
ACEI + diuretic 0 0.00 75 1.52
ARB + diuretic 0 0.00 99 2.01

Note: CCB, calcium channel blockers; ARB, angiotensin |l
receptor blockers; ACEI, angiotensin converting enzyme
inhibitor

Eventually, the target blood pressure control rates in both
groups reached about 80% around the 15" follow-up month
(Figure 2). However, the speed to achieve the target blood
pressure was low in both groups.

During the follow-up of 6, 12, 24, and 42 months, stroke
events occurred in the mono- and dual-therapy group
were 250 vs. 23, 460 vs. 52, 813 vs. 99, and 1,061 vs. 141,
respectively. Their corresponding incidence densities of stroke
were 0.792 vs. 0.489, 1.49 vs. 1.15, 2.79 vs. 2.38, and 4.25
vs. 4.32 (cases per 100 person-year), respectively (Figure 3).
After controlling the possible confounding factors using the
Cox proportional hazards model, the 6-month incidence
density of stroke in the dual-therapy group was significantly
lower than mono-therapy group (adjusted HR 0.64; 95%
CI: 0.30-0.93) (Table 4) . However, there were no significant
differences of the incidence density were observed at 12, 24,
and 48 months.

Discussion

This study explored the preventive effect of combination
anti-hypertensive therapy on stroke based a very large
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sample of hypertensive patients in “real world” practice.
Despite this is an observational study, which is different
from a strictly-designed clinical trial, we still have several
interesting findings. Overall, our data demonstrates that,
for patients with uncontrolled hypertension in real “world”
clinical practice, initial dual therapy is more effective for the
prevention of stroke during the first 6 months of treatment,
but not thereafter. The data provides important insights and
has important implications for the early dual treatment of
Chinese hypertensive subjects.

In this study, only 13% of subjects in our cohort were
started on dual therapy, which was significantly lower than
the reported figure of 26% among hypertensive outpatients
in the clinical practice of United States (23). Also, the rates
of medication switching were high in both the mono- and
dual-therapy groups. The target blood pressure control
rate and the time to reach the target blood pressure
differed from those reported in randomized controlled
trials (RCTS) (17,18,24,25). The speed to achieve the target
blood pressure was low in both groups; this phenomenon
might be due to the inadequate capacity of hypertension
treatment of Chinese internal physicians, low adherence
of drug treatment of Chinese hypertensive patients and
intolerable side effects of anti-hypertensive drugs. Further
more, the differences between our findings and those from
RCTTs likely reflect differences in the health care setting
and the complexity of blood pressure control in clinical
practice, that is, our study is based on data from real-world
health records, the treatment assignment and compliance
are therefore not controlled and standardized as would be
the case in a prospective trial, but the data accurately reflect
“real-world” treatment conditions.

A main finding is the early benefit of dual therapy, with
reduced incidence of stroke during the first 6 months,
but no significant difference during subsequent 6-24 months.
This finding supports prior data that early control
of hypertension can remarkably reduce the risk of
cardiovascular events (19,20,26). This could be ascribed
to the rapid effect of initial blood pressure control, less
side-effect, better blood pressure control, and low rate of
medication in dual therapy group. However, the risk of
stroke did not parallel the blood pressure level: the target
blood pressure control rate and stroke incidence differed
significantly only during the first 6 months, while the
significant differences in incidence of stroke disappeared at
12, 24, and 42 months, even after the confounding factors
were adjusted. There might be many factors influence
the stroke prevention effects due to the observational

www.jthoracdis.com
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Table 3 Therapy switching in the mono-therapy group and combination group

Follow-up (month)

Treatment group

0 6 12 24 42
Mono-therapy group
e Mono-therapy remained unchanged, 32,682 (100.0) 13,789 (83.3) 11,248 (76.6) 8,845 (67.8) 2,749 (59.7)
n (%)
e Most commonly used drug in the CCB (52.1) CCB (44.6) CCB (41.0) CCB (36.3) CCB (33.3)
mono-therapy (%)
e Switching from mono-therapy to 0(0.0) 1,161 (7.0) 1,520 (10.4) 2,141 (16.4) 1,047 (22.7)
dual combination therapy, n (%)
e Switching from mono-therapy to 0 (0.0 1,604 (9.7) 1,914 (13.0) 2,059 (15.8) 812 (17.6)
traditional Chinese drugs/proprietary
Chinese medicines or use of >3
antihypertensive drugs, n (%)
e Most commonly used drug after - Traditional Traditional Traditional Traditional
therapy switching (%) Chinese drugs  Chinese drugs  Chinese drugs  Chinese drugs
9.2) (12.0) (15.2) (14.0)
Combination group
e Dual combination therapy remained 4,926 (100.0) 1,853 (69.2) 1,586 (64.0) 1,205 (58.6) 346 (56.4)

unchanged, n (%)

e Most commonly used drug in the
dual combination therapy (%)

e Switching from dual combination
therapy to mono-therapy, n (%)

0(0.0)

e Switching from dual combination
therapy to traditional Chinese drugs/
proprietary Chinese medicines or use
of =3 antihypertensive drugs, n (%)

0(0.0)

e Most commonly used drug after
therapy switching (%)

CCB (7.8)

CCB + ARB (39.2) CCB + ARB (34.3) CCB + ARB (34.3) CCB + ARB (32.2) CCB + ARB (31.6)

581 (21.7) 620 (25.0) 535 (26.0) 159 (25.9)
245 (9.2) 272 (10.9) 317 (15.4) 109 (17.8)
CCB (10.7) CCB (12.2) CCB (15.3) CCB (7.8)

Note: CCB, calcium channel blockers; ARB, angiotensin Il receptor blockers; ACEI, angiotensin converting enzyme inhibitor.

nature of real-world study. In this context, the choice
of medications is critical. It is known to all, CCBs have
been widely used in clinical practice due to their good
antihypertensive effect, few contraindications, and potential
for combination with other anti-hypertensives. In our
cohort, the initial therapy and maintenance therapy in both
groups were mainly CCB-based (alone or in combination),
and CCB+ARB was the dominant therapy after medication
switching in the combination group. As demonstrated by
the majority of studies (9,27-31), both CCBs and ARBs,
alone or in combination, can effectively prevent new-onset
stroke. Thus this medication use pattern might confound
preventive effect of new-onset stroke. This pattern seemed

© Journal of Thoracic Disease. All rights reserved.

consistent with the Chinese guidelines for the management
of hypertension (4), in which recommend that CCB-based
antihypertensive therapy as the first-line treatment for
high blood pressure in China. Furthermore, the lack of
concordance between risk of stroke and blood pressure
control might be related to confounding effects due to drug
switching specifically to the decreased proportion of the
combination of CCB + ARB, which may have resulted to a
decreased synergistic effect on stroke prevention. Therefore,
even in patients whose blood pressure has been controlled
by CCB + ARB, reduction of ARB (e.g., due to economic
concerns) and switching to CCB alone is not recommended
because such a switching strategy may potentially weaken the
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Table 4 Reduction of blood pressure and incidence of stroke attacks in the mono-therapy group and combination group

Follow-up time points (month)

Parameters Treatment group
6 12 24 42

SBP* Mono-therapy group 12.48+16.22 14.43+16.56 15.30+16.27 14.74+16.03

Combination group 13.78+17.41 15.41+£17.69 16.37+£17.49 16.25+16.77

z 3.43 2.34 2.37 1.88

B 0.0003 0.0089 0.0088 0.0299
DBP* Mono-therapy group 7.49+10.48 8.61+10.73 9.23+10.67 8.90+10.21

Combination group 7.82+11.44 8.78+11.22 9.60+11.68 10.26+10.50

VA 1.038 0.053 0.96 2.77

P 0.1509 0.4790 0.1675 0.0028
Cumulative Mono-therapy group 250 (0.792) 460 (1.49) 813 (2.79) 1,061 (4.25)
number of Combination group 23 (0.489) 52 (1.15) 99 (2.38) 141 (4.32)
stroke attacks Log-rank test y° 5.09 3.16 2.53 0.75
(incidence P 0.0255 0.0645 0.0836 0.3507
density)*

Crude HR (95% Cl)

Adjusted HR (95% Cl)

0.62 (0.40, 0.95)
0.64 (0.30, 0.93)

0.76 (0.57, 1.00)
0.75 (0.54, 1.04)

0.83 (0.68, 1.03)
0.81 (0.64, 1.03)

0.92 (0.77, 1.10)
0.88 (0.72, 1.09)

* non-parametric Mann-Whitney U test; *, estimated by Cox proportional hazards model. The crude HR only included the grouping
factors during the initial treatment (with the mono-therapy group as the control group), whereas the adjusted HR was calculated after
factors including sociodemographic factors, baseline blood pressure, risk factors, and target organ damage had been adjusted.

100

Target blood pressaare goal rate

= === Monotherapy

Months of follow-up

Combination

0246 8101214 16 18 2022242628 30 32 34 36 38 40 42

0.98 4

0.97 ~

0.96 1

Probability of event free survival

0.95 1

Kaplan-Meier survival estimates

Number at risk

6 12 18 24

30 36 42

Follow up months

Mono-therapy 32682 30646 28972 26780 23762 19377 13640 7443
combin ation 4926 4536 4233 3865 3373 2691 1896 940

—— Monotherapy

----- Combination

Figure 2 Target blood pressure control rate in the mono-therapy

group and control group.

protective effect of ARBs against stroke (32). Boutitie ez a/.
reavealed that ARBs could not only lower blood pressure
via angiotensin receptor ATl but also provide stroke
prevention by improving cerebral collateral circulation (via
AT?2) and enhancing hypoxic tolerance of nerve cells (33).
Our study had some limitations: first, as an observational

© Journal of Thoracic Disease. All rights reserved.

Figure 3 The survival curves of initial mono- and combination-

therapy groups: the incidence of stroke.

study by nature, the subjects were not randomized, and
therefore the baseline characteristics of these two groups
were not comparable, and the results might be biased even
after statistical adjustment for confounders. Second, blood
pressure measurement, antihypertensive therapies, and
diagnostic criteria of stroke were not standardized. Third,
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some influencing factors of the efficacy such as medication
adherence and clinical inertia were not collected, and their
potential confounding effects could not be analyzed.

In conclusion, our study demonstrates that initial
combination therapy plays an important role in early
prevention and management of the new-onset stroke
in hypertensive patients. The combination of CCB and
ARB may exert synergistic effect on stroke prevention,
and therefore should be maintained even after the blood
pressure goal is reached. Based on this data from a large
cohort of Chinese hypertensive patients, combination
antihypertensive therapy seems to be a beneficial initial
strategy for early stroke prevention.
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