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Abstract: Objective: To observe the efficacy of valsartan combined with atorvastatin calcium tablets on primary hy-
pertension, and to investigate the combination’s effect on vascular endothelial function. Methods: Patients with un-
treated primary hypertension were randomly divided into an experimental group (n=73) and a control group (n=73). 
The experimental group was treated with valsartan combined with atorvastatin calcium tablets, and the control 
group was treated with valsartan and a placebo; the treatment course was 3 months. Indicators of vascular endo-
thelial function, indicators of inflammation, and the blood pressure before and after the treatment were compared 
in the two groups. In addition, the incidences of adverse reactions and patient satisfaction were recorded in both 
groups. Results: There were no significant differences in plasma endothelin-1 (ET-1) or nitric oxide (NO) in the two 
groups before the treatment (P>0.05). After the treatment, the plasma ET-1 levels in the experimental group were 
lower than they were in the control group (P<0.05), but the NO levels were higher than they were in the control group 
(P<0.05). There were no significant differences in the expressions of tumor necrosis factor-α (TNF-α) or vascular 
endothelial growth factor (VEGF) in the blood of the two groups before the treatment (both P>0.05). The expression 
levels of TNF-α and VEGF in the experimental group were lower than they were in the control group after treatment 
(both P<0.05). There were no significant differences in the systolic or diastolic blood pressure levels between the 
two groups before the treatment (both P>0.05); after the treatment, the systolic and diastolic blood pressure levels 
in the experimental group were lower than they were in the control group (both P<0.05). In addition, the incidences 
of adverse reactions in the experimental group were significantly lower than they were in the control group after the 
treatment, and the patient satisfaction was significantly higher than it was in the control group (both P<0.05). Con-
clusion: The combination of valsartan and atorvastatin calcium tablets can effectively treat primary hypertension, 
improve vascular endothelial function, reduce the incidence of adverse reactions, and increase patient satisfaction.
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Introduction

With the increasing aging of society and chang-
es in diet and sleep habits, the number of  
people with primary hypertension is increasing 
[1]. Primary hypertension is a common clinical 
basic disease, with elevated blood pressure as 
the main clinical manifestation. At the same 
time, poorly controlled primary hypertension 
can cause a series of severe systemic diseases 
and even sudden death [2, 3]. Therefore, long-
term medication is needed once primary hyper-
tension is diagnosed [4]. Based on the above, it 
is vital to choose antihypertensive drugs.

Valsartan is a class of angiotensin II (Ang  
II) receptor antagonists, which can selectively 
block the binding of Ang II to the AT1 receptor, 
thereby inhibiting vasoconstriction and aldoste-
rone release and resulting in a hypotensive 
effect [5, 6]. Atorvastatin calcium tablets are 
lipid-lowering drugs commonly used in clinics. 
Studies have shown that they also have anti-
inflammatory effects and reduce thrombosis  
[7, 8]. Therefore, the combination of the two 
drugs may get better treatment results. Some 
research has confirmed the effect of the com-
bined treatment [9]; however, few articles have 
studied its mechanism. In this study, the in- 
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flammatory factors and vascular endothelial 
function in the patients’ blood were measured 
to study the two drugs’ possible mechanism. 
Studies have confirmed that due to long-term 
stress on the vascular walls in patients with 
hypertension, intimal injuries can cause in- 
flammatory reactions, thus increasing the bo- 
dy’s inflammatory factors. Two pro-inflammato-
ry factors, tumor necrosis factor-α (TNF-α) and 
vascular endothelial growth factor (VEGF) were 
investigated in this study. TNF-α is derived from 
various inflammatory cells. VEGF is mainly pro-
duced by T cells and macrophages, and it spe-
cifically promotes the proliferation of vascular 
endothelial cells and also affects vascular 
endothelial function. Hypertension may result 
in damage to vascular endothelial function, and 
it causes an increase of VEGF. And elevated 
VEGF will also affect the release of other inflam-
matory factors, so TNF-α and VEGF are closely 
related to the development of hypertension. 
Previous studies confirmed that vascular endo-
thelial function is related to the occurrence and 
development of hypertension, and whether the 
endothelial function is intact can reflect the 
degree of hypertension [10]. In this study, plas-
ma endothelin-1 (ET-1) and nitric oxide (NO) 
were selected as indicators to study vascular 
endothelial function. These two indicators are 
antagonistic to each other and generally main-
tain a dynamic balance. ET-1 is related to the 
vasoconstriction function, and NO is related to 
the diastolic function. When the endothelial 
function is impaired, the production of NO is 
relatively insufficient or cannot act on its  
receptors, further aggravating the damage to 
the endothelial function, and the production  
of ET-1 is increased. As a result, hypertension 
develops.

Therefore, this study aimed to study the effect 
of valsartan and atorvastatin calcium tablets 
on primary hypertension and to explore their 
possible mechanisms.

Materials and methods

General data

In this study, 146 patients with primary hy- 
pertension admitted to The Second People’s 
Hospital of Liaocheng from September 2018 to 
August 2019 were randomly divided into a con-

trol group (n=73) and an experimental group 
(n=73). The experimental group was treated 
with valsartan combined with atorvastatin cal-
cium tablets, and the control group was treated 
with valsartan and a placebo; the treatment 
course was 3 months. This study was approved 
by the Ethics Committee of The Second People’s 
Hospital of Liaocheng.

Inclusion criteria: Patients who met the diag-
nostic criteria for primary hypertension (based 
on 3 measurements from different days, sys-
tolic pressure ≥140 mmHg or (and) diastolic 
pressure ≥90 mmHg, under calm breathing 
without any antihypertensive drugs) [11]; pa- 
tients who had not been treated with antihyper-
tensive drugs; patients who were willing to par-
ticipate and who signed the consent form.

Exclusion criteria: Patients with secondary hy- 
pertension, that is, hypertension with a clear 
cause, such as kidney disease or diabetes [12]; 
patients with severe damage to the heart, 
lungs, liver, kidneys, or other important organs; 
patients who used traditional Chinese medi-
cine, physical therapy, etc., which might affect 
their blood pressure; patients with severe  
mental illness; patients who could not cooper-
ate with reasonable instructions; patients who 
refused to participate in the treatment or who 
dropped out in the process; patients allergic to 
antihypertensive drugs; patients with severe 
complications during treatment.

Implementation plan

The patients in the experimental group re- 
gularly took oral valsartan (160 mg/once/day; 
Beijing Second Pharmaceutical Co., Ltd., Bei- 
jing, China) after their diagnosis with primary 
hypertension and atorvastatin calcium tablets 
(20 mg/once/day; Pfizer Pharmaceutical Co., 
Ltd., USA). The patients in the control group 
regularly took oral valsartan (160 mg/once/
day; Beijing Second Pharmaceutical Co., Ltd., 
Beijing, China) and a 20 mg starch placebo 
once a day. The patients in both groups took 
the medications regularly for 3 consecutive 
months.

Outcome measures

The blood pressure, the indicators of vascular 
endothelial function before and after the treat-
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ment, the incidence of adverse reactions (head-
ache, nausea, vomiting, skin rash, and facial 
flushing during the treatment) and patient sat-
isfaction were observed and recorded in the 
two groups.

Indicators of vascular endothelial function: 
After 3 months of treatment, 5 mL of peripheral 
venous blood were taken into EDTA antico- 
agulation tubes and centrifuged at 3,000 rpm 
at room temperature for 5 min. The upper 
serum was collected to detect TNF-α, VEGF, 
ET-1 and NO using enzyme-linked immuno- 
sorbent assay (ELISA) kits (Phoenix Pharma- 
ceuticals Co. Ltd., USA).

Patient satisfaction: After 3 months of treat-
ment, the patients were surveyed on their post-
operative satisfaction with a self-made satis-
faction questionnaire, which included questions 
on treatment discomfort, treatment effect, 
adverse reactions, and physical recovery. The 
total possible score of the questionnaire was 
100 points; 81-100 points indicated that the 
patient was very satisfied with the results of  
the treatment; 61-80 points indicated that  
the patient was satisfied; 60 points or below  
indicated that the patient was not satisfied. 
Patient satisfaction = (number of very satisfied 

patients + number of satisfied 
patients)/total number of pa- 
tients × 100%.

Statistical analysis

The SPSS 21.0 software pa- 
ckage was adopted for the 
data analysis. The measure-
ment data were expressed  
as the mean ± standard de- 
viation (

_
x±sd). Independent 

sample t-tests were adopted 
for the comparisons between 
the two groups and paired 
sample t-tests were adopted 
for the comparison before 
and after treatment within the 
same group. The enumeration 
data were expressed as the 
number of patients/percent-
age (n/%) and analyzed using 
chi-square tests (χ2 test) or 
Fisher’s exact test. P<0.05 
was considered a significant 
difference.

Figure 1. CONSORT flow chart.

Results

General data

The 146 patients with primary hypertension 
were randomly divided into the control group 
(n=73) and the experimental group (n=73). The 
patients in both groups successfully completed 
the trial and no patient withdrew halfway or suf-
fered from irreversible severe injury (Figure 1). 
There were no significant differences in the 
general data including age, gender, body mass 
index, blood glucose, triglycerides, or smoking 
history between the two groups (all P>0.05). 
See Table 1.

Indicators of inflammation

There were no significant differences in the 
TNF-α and VEGF between the two groups before 
the treatment (both P>0.05), and the levels of 
TNF-α and VEGF in the experimental group 
were lower than those in the control group after 
the treatment (both P<0.05). See Table 2.

Indicators of vascular endothelial function

There were no significant differences in the 
plasma endothelin-1 (ET-1) and nitric oxide (NO) 
levels in the two groups before the treatment 
(both P>0.05). After the treatment, the plasma 
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ET-1 level in the experimental group was lower 
than the level in the control group (P<0.05), but 
the NO level was higher than it was in the con-
trol group (P<0.05). See Table 3.

Systolic and diastolic blood pressure

There were no significant differences in the sys-
tolic and diastolic blood pressure levels in the 
two groups before the treatment (both P>0.05); 
after the treatment, the systolic and diastolic 

blood pressure levels in the experimental group 
were lower than those in the control group (both 
P<0.05). See Table 4.

Adverse reactions

The incidences of adverse reactions (head-
ache, nausea, facial flushing, etc.) in the ex- 
perimental group were significantly lower than 
those in the control group after the treatment 
(all P<0.05). See Table 5.

Table 1. Comparison of the general data

Age 
(years)

Gender (n) BMI  
(Kg/m2)

Blood 
glucose 

(mmol/L)

History of smoking (n) Genetic history Triglycerides 
(mmol/L)Male Female Yes No Yes No

Experimental group (n=73) 52.3±8.3 40 33 23.59±5.78 4.54±0.80 21 52 34 39 1.75±0.65

Control group (n=73) 52.5±7.9 42 31 24.24±6.57 4.39±0.71 23 50 38 35 1.82±0.53

t/χ2 -0.127 -0.635 1.198 0.130 0.452 1.046

P 0.899 0.527 0.233 0.718 0.365 0.341
Note: BMI, body mass index.

Table 2. Comparison of the inflammation indicators
TNF-α (pg/mL)

t P
VEGF (pg/mL)

t PBefore 
treatment

After  
treatment

Before 
treatment

After  
treatment

Experimental group (n=73) 52.46±6.81 25.33±5.12 27.535 0.000 137.45±8.32 76.33±7.19 25.647 0.000
Control group (n=73) 53.82±6.19 42.17±6.92 4.215 0.047 140.25±8.51 109.47±6.26 11.824 0.016
t 0.165 15.545 -0.843 21.436
P 0.746 0.002 0.528 0.000
Note: TNF-α, tumor necrosis factor-α; VEGF, vascular endothelial growth factor.

Table 3. Comparison of the vascular endothelial function indicators
ET-1 (mg/L)

t P
NO (μg/L)

t PBefore 
treatment

After  
treatment

Before 
treatment

After  
treatment

Experimental group (n=73) 72.11±9.04 22.45±5.10 40.879 0.000 23.53±4.74 71.79±10.23 -36.571 0.000
Control group (n=73) 71.98±8.68 46.32±7.81 18.776 0.000 24.38±5.43 51.35±7.66 -24.542 0.000
t 0.089 -21.864 -0.936 13.665
P 0.930 0.000 0.351 0.000
Note: ET-1, endothelin-1; NO, nitric oxide.

Table 4. Comparison of the systolic and diastolic blood pressure levels
Systolic blood pressure (mmHg)

t P
Diastolic blood pressure (mmHg)

t PBefore  
treatment After treatment Before  

treatment
After  

treatment
Experimental group (n=73) 152.31±14.54 124.06±12.62 12.537 0.000 103.61±9.47 83.15±7.59 6.111 0.000

Control group (n=73) 151.77±15.30 133.48±13.79 7.687 0.000 103.34±9.29 94.58±8.35 14.380 0.000

t 0.219 -4.305 0.174 8.654

P 0.827 0.000 0.862 0.000
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Patient satisfaction

After the treatment, the patient satisfaction  
in the experimental group (87.7%) was signifi-
cantly higher than it was in the control group 
(P<0.05). See Table 6.

Discussion

Patients should be treated once they are di- 
agnosed with primary hypertension. Generally, 
most patients can get better after reasonable 
treatment. However, for those who are diag-
nosed years later or who are clearly diagnosed 
but fail to follow the doctor’s orders of regular 
medication, they may suffer from heart failure, 
arrhythmia, stroke, or damage to other vital 
organs; what’s more, the complications of pri-
mary hypertension may even be life threatening 
[13, 14]. And that’s why we should emphasize 
getting treatment for primary hypertension.

Valsartan is a commonly used angiotensin II 
receptor antagonist antihypertensive drug in 
clinical practice, but the use of a single drug to 
lower blood pressure may cause an unsatisfied 
antihypertensive effect and large blood pres-
sure fluctuations [15, 16]. Atorvastatin calcium, 
a statin lipid-lowering drug, not only reduces 
blood lipids [17, 18], but it also has an anti-
inflammatory effect which can reduce vascular 
inflammatory reactions, thus reducing vascular 
damage [19, 20]. This study confirmed that the 
inflammatory factors were reduced more with 
the combined use of valsartan and atorvastatin 
calcium tablets. That is, the combination thera-
py has a better therapeutic effect on lowering 
hypertension. In this study, after the treatment, 

Table 5. The incidences of adverse reactions
Headache Nausea Vomiting Skin rash Facial flushing Total incidence (%)

Experimental group (n=73) 4 3 1 2 3 17.81
Control group (n=73) 13 12 3 4 10 57.53
χ2 16.543
P 0.003

Table 6. Comparison of the patients’ degree of satisfaction with the postoperative treatment results
Very satisfied Satisfied Unsatisfied Satisfaction degree

Experimental group (n=73) 53 11 9 87.7%
Control group (n=73) 36 13 24 67.1%
χ2 10.232
P 0.006

the patient’s blood pressure was lower, which 
further manifested the reasonable effective-
ness of valsartan combined with atorvastatin 
calcium tablets for hypertension.

At the same time, in this study, we found th- 
at, compared with before treatment, valsartan 
combined with atorvastatin calcium tablets or 
valsartan alone can significantly reduce ET-1 
levels and increase NO levels. Studies have 
found that the levels of ET-1 and NO are closely 
related to the stability of vascular endothelial 
cells, and imbalanced levels of ET-1 and NO 
may cause irreversible damage to vascular 
endothelial cells [21, 22]. The results sug- 
gested that combined therapy might reduce 
vascular endothelial cell damage owing to the 
reduced ET-1 levels and increased NO levels, 
thereby stabilizing cell endothelial function and 
further stabilizing blood pressure. They might 
also suggest that the effect of valsartan com-
bined with atorvastatin calcium tablets might 
be due to the further stabilization of vascular 
endothelial function.

Studies have confirmed that postoperative 
nausea and vomiting are mostly caused by sig-
nificant fluctuations in blood pressure or high 
blood pressure [23, 24]. However, in this study, 
valsartan combined with atorvastatin calcium 
tablets reduced the incidences of headache, 
nausea, and facial flushing in patients with pri-
mary hypertension. Therefore, this combined 
therapy could be applied in the primary hyper-
tension surgery, which might reduce the inci-
dences of postoperative nausea and vomiting. 
But whether it is suitable for clinical practice 
deserves our further investigation. At the same 
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time, the patient satisfaction of this combined 
method was significantly increased, possibly 
due to the significant reduction in adverse reac-
tions and better treatment outcomes. However, 
due to the small sample size and short follow-
up time, errors may exist in the results, so ran-
domized controlled trials with larger sample 
sizes and a longer follow-up time are urgently 
needed.

In conclusion, the combination of valsartan  
and atorvastatin calcium tablets can effec- 
tively treat primary hypertension, improve the 
vascular endothelial function, reduce vascular 
inflammatory reactions and the incidences of 
adverse reactions, and increase patient satis- 
faction.
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