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Abstract: Objective: To investigate how captopril affects hypertension complicated with coronary heart disease
(CHD) and angina pectoris. Methods: We selected 617 patients with hypertension complicated with CHD for inclu-
sion in this randomized controlled study. Of these patients, 327 received daily administration of captopril (treat-
ment group) and the remaining 290 received regular medication with nitrendipine and isosorbide dinitrate (control
group). We compared the pre- and post-treatment blood pressure measurements, treatment effectiveness rate,
adverse reaction rate, and blood lipid level. Results: Before treatment (T1), the systolic blood pressure (SBP) and
diastolic blood pressure (DBP) showed no statistically significant differences between the treatment and control
groups (P>0.050). After treatment, the SBP and DBP in the treatment group both decreased compared with those
in the control group (P<0.001). The treatment effectiveness rates against high blood pressure and CHD were higher
in the treatment group than those in the control group (P<0.001). In the treatment group, the incidence of adverse
reactions was 7.34%, which was significantly lower than the rate of 16.21% in the control group (P<0.006). The dif-
ference in blood lipid level at T1 between the 2 groups showed no statistical significance (P>0.050). At 3 weeks (T2)
and 6 weeks (T3) after treatment, the blood lipid level in the treatment group was much improved compared with
that in the control group (P<0.001). Conclusion: In patients with hypertension complicated with CHD, captopril can
ameliorate blood pressure control to decrease the incidence of angina, with fewer adverse reactions. Thus, captopril
shows promising value in the treatment of hypertension complicated with CHD.
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Introduction coronary artery [5]. In clinical practice, hyper-
tension complicated with coronary heart dis-
ease is classified as a high-risk disease for sec-

ondary sudden myocardial infarction or cardiac

For several decades, hypertension is widely
recognized as a highly ranked disease threat-

ening health of middle-aged and elderly per-
sons, and increasing efforts have been placed
into clinical studies on the treatment of hyper-
tension [1]. Despite the tremendous efforts,
hypertension remains clinically as a lifelong dis-
ease without any effective cure [2]. Moreover,
hypertension mainly occurs concomitant to dis-
orders of lipid metabolism and glycometabo-
lism, or organic variations of the heart, brain, or
vessels [3]. It has been found that among the
complications of hypertension, coronary heart
disease is the most common, occurring in
almost 40% or more of all patients with hyper-
tension [4]. In patients with hypertension com-
plicated with coronary heart disease, the blood
pressure is much higher than that in patients
with simple hypertension due to stenosis of the

arrest [6]. It has been reported that in patients
with hypertension complicated with coronary
heart disease, the 5-year survival rate is only
40-60% [7]. Currently, the clinical treatment for
hypertension complicated with coronary heart
disease is mainly medication, although the
varying efficacy of multiple drugs makes
it difficult to identify the optimal treatment.
Captopril is an enzyme inhibitor transformed
from angiotensin. It has been shown to have
promising efficacy in the treatment of hyperten-
sion, with relevance to improving cardiovascu-
lar function [8, 9].

At present, few studies have reported on the
use of captopril for hypertension complicated
with coronary heart disease. Since 2016, we
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have used captopril for this purpose and shown
the promising efficacy of this treatment. Thus,
we performed this retrospective study to review
the clinical efficacy of captopril for hyperten-
sion complicated with coronary heart disease,
to provide evidence for the clinical treatment of
hypertension.

Materials and methods
General data

We selected patients with hypertension compli-
cated with coronary heart disease and angina
pectoris for inclusion in this randomized con-
trolled study. Inclusion criteria were as follows:
systolic blood pressure (SBP) 2140 mmHg or
diastolic blood pressure (DBP) 290 mmHg, clin-
ical manifestations according to the Guidelines
for Diagnosis and Treatment of Coronary Heart
Disease (2015 edition) that were confirmed
using echocardiography, angina of varying de-
grees, age <70 years and cooperation with the
treating medical personnel [10]. A total of 724
patients met the criteria and were enrolled.
Exclusion criteria were as follows: tumor as a
complication, other cardiovascular or cerebr-
ovascular diseases as complications, severe
organ failure, renal or hepatic dysfunction, in-
fectious diseases, mental diseases, physical
disability, pregnancy, bedridden status, and
allergy to the study drugs. After excluding pa-
tients, we finally enrolled a total of 617 patients.
Among them, 384 were men and 233 were
women, aged between 47 and 66 years (aver-
age age, 54.23 + 10.74 years). All patients pro-
vided signed written informed consent. The
study was approved by the Committee on the
Ethics of Panyu Central Hospital.

Methods

617 patients were randomly divided into a
treatment group and control group. Among the
617 patients, 327 were assigned to receive
captopril (treatment group) and the remaining
290 patients were assigned to receive regular
treatment with nitrendipine and isosorbide din-
itrate (control group). Patients in the treatme-
nt group took 25.00 mg captopril (Bristol-Myers
Squibb) twice a day, every 8 h. Patients in the
control group took 10.00 mg nitrendipine once
a day (Ouyipharma, CSPC) and 5.0 mg nitren-
dipine (Guangxi Medictop Pharma Co., Ltd.) 3
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times a day, every 6 h. In both groups, the treat-
ment lasted for 7 weeks [11, 12]. Fasting ve-
nous blood (4 mL) was drawn from patients
before treatment (T1) and at 3 (T2) and 6 weeks
(T3) after treatment, and centrifuged at 4000
rom/min for 5 min. Then, the supernatant was
preserved at -80°C for later use.

Outcome measures

The clinical data of patients in the 2 groups,
including sex, age, disease course, and weight,
were obtained. Blood pressure (SBP and DPB)
of patients in the 2 groups was measured
before and after treatment. The effectiveness
of treatment for blood pressure control in the
2 groups was graded as follows: excellent
(decrease in SBP by 20 mmHg or more, or de-
crease in DBP by 10 mmHg or more), improved
(decrease in SBP by 20 mmHg or less, or de-
crease in DBP by 10 mmHg or less), and failure
(no amelioration, or even deterioration in SBP
or DBP). The treatment effectiveness rate for
blood pressure was calculated as (excellent +
improved)/total x 100%. The effectiveness ra-
te of treatment for coronary heart disease was
based on Rehabilitation Training for Coronary
Heart Disease (2015 edition) and graded as fol-
lows [13]: excellent (significant improvement in
clinical symptoms, without onset of angina),
improved (improved signs of clinical symptoms,
with a decrease in angina attacks), and failure
(no significant improvement, or even deteriora-
tion in clinical symptoms or angina). The treat-
ment effectiveness rate for coronary heart dis-
ease was calculated as (excellent + improved)/
total x 100%. For the measurement of blood
lipids in patients of the 2 groups at T1, T2, and
T3, the low-density lipoprotein (LDL), high-den-
sity lipoprotein (HDL), total glycerol (TG), and
total cholesterol (TC) levels were determined
using an automatic biochemical analyzer (PU-
ZS-300X, Beijing Perlong Co., Ltd.). Additionally,
we observed the incidence of nausea, vomiting,
diarrhea, dizziness, headache, palpitation, or
edema during drug treatment. The incidence
rate of adverse reactions was calculated as
number of patients with adverse reaction/total
x 100%.

Statistical methods

SPSS 22.0 software was used to analyze the
data. Enumeration data, including sex, treat-
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Table 1. Comparison of clinical data between the 2 groups, n (%) chi-square test. Measure-
Therapy group  Regular group ., ment data, |nlc|.ud|ng DBP,
(n=327) (n=290) X*ort P SBP, or blood lipids, are pre-
Age 1.630 0.104 sented as mean * stan-
55.27+9.42 53.96 + 10.54 gf:gndev'artc')zn's Covr;;za”sz:‘
Body weight (KG) 1529 0.127 g group P
7084 + 1248 74.33 + 11.62 formed using analysis of
T I variance of repeated mea-
Course of disease (month) 1.726 0.085

1457 +4.86 13.87+£5.21

surements, whereas intra-
group comparisons were

Gender 0.337 0.562 done using the pairwise
Male 207 (63.30) 177 (61.03) ttest. A level of P<0.05
Female 120 (36.70) 113 (38.97) was considered to indicate

Smoking 1.791 0.181 a statistically significant
Yes 235(71.87) 194 (66.90) difference.

No 92 (28.13) 96 (33.10) Results

Drinking 1.565 0.211
Yes 249 (76.15) 208 (71.72) Comparison of clinical data
No 78(23.85) 82 (28.28) between the 2 groups

Sports habit 1.236 0.266
Yes 52 (15.90) 56 (19.31) We compared the clinic-
No 275 (84.10) 234 (80.69) al data of patients bet

ween the 2 groups, includ-

ing age, weight, disease

Il Therapy group course, sex, smoking history, alcohol use his-

W Regular group tory, and. e>.<e-rC|se hablt, and found no stati-

200+ stically significant difference (P>0.050) (Table
T *# 1).

— 150+ Y i

IU’ Comparison of blood pressure between the 2

E _— groups

% Before treatment, SBP and DBP showed no

504 statistically significant differences between

the 2 groups (P>0.050); after treatment, the

0- " . SBP in the treatment group was 127.86 #*
& * 6.54 mmHg, which was significantly lower

é& ,550“ than the SBP of 151.27 + 6.94 mmHg in the

e'-:5" (\‘,@ control group (p<0.001). A similar change
eéo‘ \’%@ was also observed for DBP. The DBP in the

Figure 1. Systolic blood pressure (SBP) before and
after treatment in the 2 groups. There was no signifi-
cant difference of SBP between the 2 groups before
treatment. After treatment, the SBP in the treatment
group was significantly lower than that in the control
group. Both groups showed improved SBP after treat-
ment. *, P<0.50 compared with pre-treatment SBP.
#, P<0.050 compared with the treatment group after
treatment.

ment effectiveness rate, or incidence rate of
adverse reactions, are presented as rates (%),
and compared between groups by using the
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treatment group was 84.37 + 4.49 mmHg,
which was also significantly lower than the
DBP of 92.84 + 5.81 mmHg in the control gr-
oup (P<0.001). The results showed signifi-
cant decreases in SBP and DBP in both
groups after treatment (P<0.001; Figures 1
and 2).

Comparison of the treatment effectiveness
rate for blood pressure between the 2 groups

In the treatment group, the treatment effec-
tiveness rate for blood pressure was 96.33%,
which was significantly higher than the rate
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Figure 2. Diastolic blood pressure (DBP) before and
after treatment in the 2 groups. There was no signifi-
cant difference in DBP between the 2 groups before
treatment. After treatment, the DBP in the treatment
group was significantly lower than that in the con-
trol group. Both groups showed improved DBP after
treatment. *, P<0.50 compared with pre-treatment
DBP. #, P<0.050 compared with the treatment group
after treatment.

of 87.24% in the control group (P<0.001; Table
2).

Comparison of the treatment effectiveness
rate for coronary heart disease between the 2
groups

In the treatment group, the treatment effective-
ness rate for coronary heart disease was
89.91%, which was significantly higher than the
rate of 70.00% in the control group (P<0.001;
Table 3).

Comparison of the incidence rate of adverse
reactions between the 2 groups

In the treatment group, 7 patients experienced
vomiting, 3 had dizziness, 6 had headache, 4
had palpitations, and 4 had diarrhea. In the
control group, 12 patients experienced vomit-
ing, 8 had dizziness, 9 had headache, 9 had
palpitations, 6 had diarrhea, and 4 had edema.
The incidence rate (7.34%) of adverse reactions
in the treatment group was significantly lower
than that (16.21%) in the control group
(P=0.006; Table 4).

Comparison of the blood lipid level between
the 2 groups

At T1, we compared the blood lipid levels of
patients in the 2 groups, and found no statisti-

6912

cally significant difference (P>0.050). At T2, the
levels of LDL, TG, and TC in the treatment group
were significantly lower than those in the con-
trol group; however, the HDL level was higher
(P<0.050). Measurements of these indices at
T3 were also similar to those at T2 (P<0.050).
At T2, the levels of LDL, TG, and TC in the treat-
ment group were lower than those at T1 in the
treatment group, with an increase in HDL
(P<0.05). From T2 to T3, patients in the treat-
ment group showed decreases in LDL, TG, and
TC with an increase in HDL (P<0.001). In the
control group, no alteration was identified in
the levels of LDL, TG, TC, or HDL from T1 to T2
(P>0.05), and from T2 to T3 (P>0.05); however,
at T3, the levels of LDL, TG, and TC were all
lower than those at T1, with an elevated HDL
(P<0.05; Figures 3-6).

Discussion

Hypertension and coronary heart disease are
frequent in the middle-aged and elderly popula-
tions, and usually occur with complications
[14]. However, the incidence rate of hyperten-
sion complicated with coronary heart disease
is increasing together with the improvements in
the standard of living [15]. Patients with hyper-
tension complicated with coronary heart dis-
ease usually experience contractile pains or
suppression of the sternum to varying degrees,
which severely affects their quality of life [16].
In addition, long-term hypertension generates
irreversible damages to the affected organs
[17]. It has been reported that hypertension
complicated with coronary heart disease is a
kind of mutually interacting chronic disease.
Hypertension results in an increase in blood
pressure, largely injuring the vascular endothe-
lium and facilitating progression of coronary
heart disease, whereas the resultant progres-
sion of coronary heart disease causes blocking
of vessels, leading to further increases in the
blood pressure level [18]. The lack of an appro-
priate, timely treatment at the early stage of
disease can directly induce organ failure, heart
failure, or vascular necrosis, severely threaten-
ing health and life of patients [19].

The clinical treatment for hypertension compli-
cated with coronary heart disease mainly
focuses on decreasing the blood pressure level
with vasodilators, calcium antagonists, or
diuretics [20]. Among these drugs, captopril is
a kind of angiotensin-converting enzyme inhibi-
tor that can inhibit contractility and peripher-
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Table 2. Comparison of effectiveness of blood pressure treat-
ment between the 2 groups, n (%)

Therapy group Regular group

(n=327) (n=290) X P
Excellent
263 (80.43) 174 (60.00)
Effective
52 (15.90) 79 (27.24)
Invalid
12 (3.67) 37 (12.76)
Effectiveness rate (%) 17.372 <0.001
96.33 87.24

Table 3. Comparison of the treatment effectiveness rate for coro-
nary heart disease between the 2 groups, n (%)

Therapy group Regular group

(n=327) (n=290) X P

Excellent

157 (48.01) 69 (23.79)
Effective

137 (41.90) 134 (46.21)
Invalid

33(10.09) 87 (30.00)
Effectiveness rate (%) 38.884 <0.001

89.91 70.00

Table 4. Comparison of the incidence of adverse reactions be-
tween the 2 groups, n (%)

Therapy group Regular group

(n=327) (n=290) X P
Vomiting
7 (2.14) 12 (4.14)
Dizziness
3(0.92) 8(2.76)
Headache
6 (1.83) 9 (3.10)
Palpitations
4(1.22) 9 (3.10)
Diarrhea
4(1.22) 6 (2.07)
Adverse reaction rate (%) 11.872 0.006
7.34 16.21

al vascular resistance by suppressing the ac-
tivity of angiotensin-converting enzymes, the-
reby increasing hemodynamics and decrea-
sing blood pressure of patients; meanwhile,
the resultant viscosity of blood can ameliorate
damages to the heart ventricle in blood circula-

tion, thus reducing the inci-
dence of angina [8]. In this
study, we found that all indices
of patients in the treatment
group (captopril medication)
were all improved, suggesting
the significance of captopril in
the treatment of hypertension
complicated with  coronary
heart disease.

The higher treatment effective-
ness rates for blood pressure
and coronary heart disease
suggest that captopril is supe-
rior to the traditional drugs in
the treatment of hypertension
complicated with coronary
heart disease. Mainly targeting
the renin-angiotensin-aldoste-
rone system, captopril can
effectively inhibit the transition
of angiotensin | to Il, thereby
curbing the secretion of aldo-
sterone and reducing the reten-
tion of water and sodium [21].
In addition to the effect of low-
ering blood pressure, captopril
can simultaneously maintain
the heart rates, which can
improve heart-related diseases
by increasing the hemodynam-
ics and blood flow. It has been
shown that captopril can dilate
the coronary artery and small
artery to increase the oxygen
supply to the myocardium of
patients with coronary artery
diseases [22]. Acting as a vaso-
dilator, captopril can augment
the stroke volume and blood
flow in the kidney, decrease
ventricular remodeling and pro-
teinuria formation, and protect
the integrity and regular func-
tions of the heart, thereby
decreasing the incidence of
angina and increasing the ef-
fectiveness rate of treatment

for coronary heart disease, as previously re-
ported by Sepehri et al [23].

As the abnormal metabolism of blood lipids is
the major cause of atherosclerosis of the co-
ronary artery, the considerable amelioration of
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Figure 3. Low-density lipoprotein (LDL) levels during
the 2 treatments. There was no significant differ-
ence in LDL between the 2 groups before treatment
(T1). At T2, the treatment group showed significantly
lower LDL than the control group. At 6 weeks after
treatment (T3), the treatment group showed signifi-
cantly lower LDL than the control group. In the treat-
ment group, LDL was significantly lower at 3 weeks
after treatment (T2) than at T1, and at T3 than at
T2. There was no significant difference in LDL in the
control group between T1 and T2, and LDL was lower
at T1 than at T1. *, P<0.050 compared with LDL in
the treatment group; #, P<0.050 compared with LDL
in the same group at T1; A, P<0.050 compared with
LDL in the same group at T2.
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Figure 4. High-density lipoprotein (HDL) during the
2 treatments. There was no significant difference
in HDL between the 2 groups before treatment (T1).
The HDL in the treatment group was significantly
higher than that in the control group at T2. The HDL
in the treatment group at 6 weeks after treatment
(T3) was significantly higher than that in the control
group. The HDL in the treatment group was signifi-
cantly higher than that in the control group at T1,
and HDL at T3 was significantly higher than that at
3 weeks after treatment (T2). There was no signifi-
cant difference in HDL between T1 and T2 in the con-
trol group, and HDL was higher at T3 than at T1. *,
P<0.050 compared with HDL in the treatment group;
#, P<0.050 compared with HDL in the same group
at T1; A, P<0.050 compared with HDL in the same
group at T2.
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Figure 5. Total glycerol (TG) during the 2 treatments.
There was no significant difference in TG between
the 2 groups before treatment (T1). The treatment
group showed significantly lower TG than the control
group at T2. At 6 weeks after treatment (T3), the
treatment group showed significantly lower TG than
the control group. The TG of the treatment group was
significantly lower at 3 weeks after treatment (T2)
than at T4, and at T3 than at T2. There was no sig-
nificant difference in TG between T1 and T2 in the
control group, and TG was lower at T3 than at T1. *,
P<0.050 compared with TG in the treatment group;
#, P<0.050 compared with TG in the same group at
T1; A, P<0.050 compared with TG in the same group
at T2.
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Figure 6. Total cholesterol (TC) during the 2 treat-
ments. There was no significant difference in TC
between the 2 groups before treatment (T1). The
treatment group showed significantly lower TC than
the control group at T2. At 6 weeks after treatment
(T3), the treatment group showed significantly lower
TC than the control group. The TC at T2 was signifi-
cantly lower than that at T4, and TC at T3 was sig-
nificantly lower than that at T2. There was no sig-
nificant difference in TC between T1 and T2 in the
control group, and TC was lower at T3 than at T1. *,
P<0.050 compared with TC in the treatment group;
#, P<0.050 compared with TC in the same group at
T1; A, P<0.050 compared with TC in the same group
atT2.
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blood lipids in patients who received captopril
medication suggests that captopril can improve
the blood lipid levels [24]. Some papers show
that captopril can lead to reduced plasma
hepatictriglycerides [25]. Erik argued that both
short- and long-term treatments with captopril
significantly improved insulin-stimulated glu-
cose transport activity in skeletal muscle of the
obese Zucker rat, and that this improvement
involved bradykinin metabolism [26]. however,
the specific mechanism requires further inves-
tigation [27].

In addition, the lower incidence of adverse
reactions in the treatment group than in the
control group suggests that, in the treatment of
hypertension complicated with coronary heart
disease, captopril confers a protective effect to
the key human organs such as the heart and
Kidneys.

Nonetheless, this study has some limitations,
including the simple constitution of the sample
population, a strong regional focus, being too
population-specific, or the field being only con-
ducive to incremental findings, and failure in big
data analysis. Furthermore, the specific mecha-
nism of action of captopril requires more in-
depth studies. To optimize the results, we plan
to follow up the patients of this study.

In conclusion, in patients with hypertension
complicated with coronary heart disease, ca-
ptopril can ameliorate blood pressure, thus
decreasing the incidence of angina, with fewer
adverse reactions. Therefore, captopril shows
promising value in the treatment of hyperten-
sion complicated with coronary heart disease.
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