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ABSTRACT 
 

 

This experiment was designed to explore the relationship and effect of miR-1-3p expression and BDNF 

level in patients with primary hypertension complicated with depression. The subjects of the study were 

145 patients with hypertension with a small fluctuation range of blood pressure in recent three months. 

Within 48 hours after admission, patients were evaluated with the Hospital Anxiety and Depression 

Scale (HADS) and Hamilton Depression Rating Scale (HAMD). After fasting for 12 hours, enrolled 

subjects were subject to blood collection (5 ml) in the morning for detecting blood lipid levels, miR-1-

3p expression and BDNF by using an automatic biochemical analyzer, real-time fluorescence 

quantitative PCR (qRT-PCR) and enzyme-linked immunosorbent assay (ELISA), respectively. Results 

showed that compared with the normal control group, while miR-1-3p expression increased obviously in 

patients with hypertension, while the level of BDNF decreased significantly; and compared with 

patients with simple hypertension, the expression of miR-1-3p in hypertension patients with depression 

was significantly increased, while BDNF level was decreased evidently (All P < 0.05). miR-1-3p 

expression in patients with hypertension complicated with depression was negatively correlated with 

serum BDNF level (r=-0.302, P < 0.05). In relative to the normal control population, the area under the 

curve (AUC) of ROC produced by serum miR-1-3p and BDNF in patients with primary hypertension 

complicated with depression was 0.971 (95% CI = 0.945-0.998, P < 0.0001) and 0.875 (95% CI = 

0.808-0.942, P < 0.0001); and in relative to primary hypertension patients without depression, the AUC 

of ROC produced by serum miR-1-3p and BDNF in patients with primary hypertension with depression 

was 0.957 (95% CI = 0.925-0.989, P < 0.0001) and 0.883 (95% CI = 0.821-0.944, P < 0.0001), 

respectively. HADS-D score, HAMD score, course of the disease, miR-1-3p expression and BDNF level 

showed statistical differences in primary hypertension patients with and without depression (All P < 

0.05). It was concluded that there are high miR-1-3p expression and low serum BDNF levels in patients 

with primary hypertension complicated with depression. miR-1-3p has a negative correlation with 

BDNF, and it may play a role by negatively regulating the expression of BDNF. Detecting miR-1-3p 

and BDNF in patients with primary hypertension can indicate the occurrence of depression to some 

extent. 

DOI: http://dx.doi.org/10.14715/cmb/2022.68.1.10      Copyright: © 2022 by the C.M.B. Association. All rights reserved. 

Introduction 

Hypertension is a systemic disease in which the 

pathological increase of arterial pressure in patients 

at rest can lead to the lesions of important target 

organs such as the heart, brain, kidney and blood 

vessels (1,2). Clinically, it is divided into primary 

hypertension and secondary hypertension, of which 

the former one is more common (3,4). Hypertension 

is a clinical syndrome characterized by elevated 

systemic arterial pressure (5). Its pathogenesis is the 

result of the joint action of many factors, and it has 

complex pathogenesis (6). Family history of 

hypertension, high sodium and low potassium diet, 

obesity, excessive drinking and long-term mental 

stress is its traditional risk factors (6.7); In addition, 

clinically, some patients without the above risk 

factors can still get sick (8). Among them, new risk 

factors of hypertension, such as cysteine, tumor 

https://creativecommons.org/licenses/by/4.0/
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necrosis factor, C-reactive protein and microRNAs 

(miRNAs, hot-spot recently), have attracted 

increasingly more attention in the medical 

community (9-12). In recent years, with the 

acceleration of population aging, hypertension has 

become the main risk factor for cardiovascular and 

cerebrovascular diseases (13). Owing to its high 

disability rate, lethality and the need for lifelong 

medication, it brings heavy psychological burden 

and economic pressure to hypertension patients 

(14,15). The incidence of hypertension complicated 

with depression is increasing year by year (16). 

Hypertension and depression affect each other and 

are inseparable (17). However, the pathogenesis of 

hypertension complicated with depression is not 

clear at this stage. 

    miRNA is a non-coding RNA molecule with a 

length of about 19 ~ 23 NT, which regulates gene 

expression at the post-transcriptional level (18). In 

cells, miRNA regulates gene expression by 

mediating the formation of RNA silencing complex 

and binding to the 3 'untranslated region (3'-UTR) of 

completely (plant) or incompletely (animal) matched 

mRNA, so as to degrade mRNA or through other 

approaches to inhibit translation (19,20). There are 

thousands of human miRNAs included in the 

miRBase database. miRNAs may control the 

expression of one-third of human genes and can exist 

in a stable form in the blood (21). In recent ten years, 

the research of miRNA has gradually become a 

research hotspot in the field of molecular biology 

(22-24). It plays an important regulatory role in the 

pathophysiological processes such as cell 

differentiation, development, proliferation and 

apoptosis (25,26). In view of its high stability, wide 

distribution and good repeatability, exploring the 

changes of miRNAs in the circulatory system is 

commonly studied as a non-invasive diagnostic 

marker of diseases (27-29). As a potential marker, 

miRNAs have also been studied in cardiovascular 

diseases, endocrine diseases, tumors, etc. (30-32).  

Depression is one of the most common mental 

diseases in the clinic (33). However, the research on 

depression still faces difficulties such as no clinical 

index with accurate early diagnostic significance and 

the shortage of effective agents for the treatment of 

depression. By detecting the changes of serum miR-

1-3p content, this study analyzed the relationship 

between the changes of serum miR-1-3p and primary 

hypertension complicated with depression and 

studied the practical significance of serum miR-1-3p 

in patients with primary hypertension complicated 

with depression. 

 

Materials and methods 

Subjects of study 

In this study, 145 patients with hypertension with a 

small fluctuation range of blood pressure in recent 

three months were randomly selected, and some basic 

data were collected from the enrolled patients by 

using the pre-designed general situation questionnaire, 

including gender, age, smoking history, course of the 

disease, etc. Within 48 hours after admission, patients 

were tested immediately with the Hospital Anxiety 

and Depression Scale (HADS) (34) and Hamilton 

Depression Rating Scale (HAMD) (35). According to 

the suggestions of the scale maker, patients with 

HADS-D ≥ 8 and HAMD ≥ 8 were diagnosed as 

depression, and those with HADS-D < 8 or HAMD < 

8 were diagnosed as no depression. According to the 

results of the scale, the participants were divided into 

depression group and non-depression group. At the 

same time, 70 normal subjects who visited the 

hospital for general physical examination were 

included as the normal control group. Eligible subjects 

for the normal control group were those aged 18 years 

old, without cardiovascular diseases, diabetes, liver 

and kidney dysfunction, etc. after a careful medical 

history and physical examination, routine blood test, 

liver and kidney function test, blood sugar and blood 

lipids, chest X-ray, electrocardiogram and 

echocardiography.  

According to the 2018 Chinese Guidelines for 

Prevention and Treatment of Hypertension (36), the 

diagnostic criteria of hypertension were systolic blood 

pressure (SBP) ≥ 140mmHg and/or diastolic blood 

pressure (DBP) ≥ 90mmHg. For the patients, 

corresponding inclusion criteria were: patients who 

met the diagnostic criteria for hypertension specified 

in the 2018 Chinese Guidelines for Prevention and 

Treatment of Hypertension, or who had been 

previously diagnosed with hypertension in hospitals 

above class II; and patients with depression based on 

HADS-D and/or HAMD. Exclusion criteria: Patients 

with diabetes, coronary heart disease and other 

cardiovascular and cerebrovascular diseases; patients 
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with secondary hypertension; patients with severe 

hepatic and renal insufficiency; patients undergoing or 

preparing to participate in other clinical trials; patients 

allergic to multiple drugs; patients with important 

organ damage or other serious system diseases in the 

medical history; patients with infectious diseases; 

patients with autoimmune diseases; patients with 

malignant tumors; patients with thyroid dysfunction; 

patients with severe trauma and surgical history in 

recent 6 months; patients with positive past or family 

history of mental disorders; patients with other serious 

mental diseases except depression; patients with clear 

suicidal tendency; patients with language impairment, 

cognitive impairment, or unable to complete the self-

assessment scale due to factors such as educational 

level; and patients whose follow-up is interrupted for 

any reason and the curative effect cannot be judged. 

All subjects signed informed consent. 

 

Collection of serum samples 

After fasting for 12 hours, enrolled subjects were 

subject to blood collection (5 ml) in the morning, 

which were preserved in the disposable vacuum blood 

collection tubes. Within 2 hours, the serum was 

separated and transferred to the RNase-free EP tube y 

centrifugation at 3500rpm 4℃ for 15 minutes. The 

above samples were centrifuged at 14000rpm for 

15min again, and the supernatant was collected with 

the possible residual cell fragments removed, which 

was regarded as the experimental serum sample, 

stored in the refrigerator at - 80℃ for further use. 

 

Detection of miR-1-3p in serum by real-time 

fluorescence quantitative PCR (qRT-PCR) 

The total serum RNA of the above subjects was 

taken respectively, and the specific steps were carried 

out according to the kit operation manual. RNA was 

reverse transcribed into cDNA by a reverse 

transcription kit. The reaction conditions were 42 ℃ 

for 20 min, 99 ℃ for 5 min and 4 ℃ for 5 min. Using 

cDNA as a template, qRT-PCR was carried out by 

PCR kit. PCR reaction solution was prepared 

according to the following system: 2 μl stock solution 

after reverse transcription reaction; 6 μl RNase Free 

H2O; 1 μl sequence-specific upstream primer (10 

pmol/μl); 1 μl sequence-specific downstream primer 

(10 pmol/μl); and 10 μl 2×Taq PCR Master Mix, in a 

total of 20 μl. The reaction procedure was: 94 C for 

the 90s; and 40 cycles of 94 C for 30s, 60 C for 30s; 

and 72 C for 1 min. With U6 as an internal reference, 

PCR primers were synthesized by Invitrogen Trading 

(Shanghai) Co., Ltd. Primers, templates and enzymes 

were added in proportion, and qRT-PCR was 

performed with 7300 quantitative PCR instruments. 

The 2-ΔΔCt method was used to calculate the relative 

expression of miR-1-3p in each sample. 

 

Index detection in the serum 

As for the detection of BDNF level in the serum, 

another serum sample was taken for detection by 

using the human brain-derived neurotrophic factor 

(BDNF) kit according to enzyme-linked 

immunosorbent assay (ELISA). In addition, total 

cholesterol (TC), triglyceride (TG), high-density 

lipoprotein cholesterol (HDL-C) and low-density 

lipoprotein cholesterol (LDL-C) were measured by 

enzymatic determination with an automatic 

biochemical analyzer with the collected venous blood 

as the sample. 

 

Statistical analysis 

SPSS 19.0 software (SPSS Inc, Chicago, IL, USA) 

was used for statistical analysis. Continuous variables 

with normal distribution were expressed by mean ± 

standard deviation, categorical variables were 

expressed by percentage, and non-normal distribution 

variables were expressed by median (interquartile 

spacing). The continuous variables were compared 

with one-way ANOVA, and the categorical variables 

were compared with the chi-square test or Fisher exact 

test. Pearson correlation analysis and ROC curve 

analysis were performed at the same time. In addition, 

univariate analysis confirmed the influencing factors 

of hypertension complicated with depression. P < 0.05 

was used to present that the difference was 

statistically significant. 

 

Results and discussion 

Baseline characteristics of enrolled subjects 

Based on the scoring criteria of HADS-D and HAMD 

scales, 145 patients with hypertension were included 

and divided into the depression group (N=66) and the 

non-depression group (N=79). The baseline 

characteristics of all subjects are shown in Table 1. 

There was no significant difference in age, gender and 

other general data among the three groups. 
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Furthermore, the levels of TC, TG, LDL-C and Hcy in 

patients from the depression group and non-

depression group were significantly higher than those 

in the normal control group, and the level of HDL-C 

was significantly lower than that in the normal control 

group (All P < 0.05). In addition, the HADS-D and 

HAMD scores of patients with depression were 

significantly higher than that of patients without 

depression (P < 0.05). 

 

Table 1.  Baseline characteristics of enrolled subjects 
 Normal 

control 

group 

(N=70) 

Non-

depression 

group 

(N=79) 

Depression 

group 

(N=66) 

Age (years) 57±9 55±10 61±8 

Female, n (%) 32 (45.71) 40 (50.63) 30 (48.48) 

)2BMI (kg/m 22.13±2.80 22.86±3.41 23.54±3.87 

Hypertension, 

n (%) 

0 (0) 79 (79) 66 (66) 

Depression, n 

(%) 

0 (0) 0 (0) 66 (66) 

HADS-D 4.65±1.88 4.80±2.01 8.52±3.16 

HAMD 5.32±1.12 5.64±1.30 22.35±1.79 

Smoking, n 

(%) 

29 (41.43) 36 (45.57) 27 (40.91) 

Duration of 

hypertension 

(years) 

0 9±6 14±5 

TC level 4.53±0.48 5.27±0.51 5.33±0.59 

TG level 1.28±0.41 3.21±0.39 3.33±0.47 

HDL-C level 1.40±0.22 1.01±0.18 1.15±0.20 

LDL-C level 2.41±0.35 3.78±0.36 3.98±0.40 

Homocysteine 

level 

11.52±1.26 17.89±1.76 18.25±1.84 

Note: BMI, body mass index; HADS-D, Hospital Anxiety 

and Depression Scale-Depression; HAMD, Hamilton 

Depression Rating Scale; TC, total cholesterol; TG, 

triglyceride; HDL-C, high-density lipoprotein cholesterol; 

LDL-C, low-density lipoprotein cholesterol. 

Detection of miR-1-3p expression and BDNF level 

in the serum 

     qRT-PCR and ELISA were used to detect the miR-

1-3p expression and BDNF level, respectively. The 

results showed that there were significant differences 

in miR-1-3p expression and BDNF level among the 

three groups (All P < 0.05). Specifically, compared 

with the normal control group, there was no 

significant change in miR-1-3p expression and BDNF 

level in the non-depression group (All P > 0.05); 

while miR-1-3p expression increased obviously in 

patients with hypertension, while the level of BDNF 

decreased significantly (All P < 0.05). At the same 

time, compared with patients with simple 

hypertension, the expression of miR-1-3p in 

hypertension patients with depression was 

significantly increased, while BDNF level was 

decreased evidently (All P < 0.05). The results are 

shown in Figure 1. 

 

 
Figure 1.  Detection of miR-1-3p expression and BDNF 

level in the serum by qRT-PCR and ELISA respectively. 

Note: A. Detection of miR-1-3p expression in the serum by 

qRT-PCR; B. Detection of BDNF level in the serum by 

ELISA; *compared with the normal control group, P < 

0.05; #compared with the non-depression group, P < 0.05. 

miR-1-3p, microRNA-1-3p; BDNF, brain-derived 

neurotrophic factor 

 

Correlation analysis of serum miR-1-3p and BDNF 

in patients with primary hypertension complicated 

with depression 

    As shown in Figure 2, Pearson correlation analysis 

showed that the expression of serum miR-1-3p in 

patients with hypertension complicated with 

depression was negatively correlated with the level of 

serum BDNF (r=-0.302, P < 0.05). 
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Figure 2.  Correlation analysis of serum miR-1-3p and 

BDNF in patients with primary hypertension complicated 

with depression. Note: miR-1-3p, microRNA-1-3p; BDNF, 

brain-derived neurotrophic factor 

 

Efficacy analysis of miR-1-3p and BDNF on 

patients with primary hypertension complicated 

with depression 

    In relative to the normal control population, the 

area under the curve (AUC) of ROC produced by 

serum miR-1-3p in patients with primary hypertension 

complicated with depression was 0.971 (95% CI = 

0.945-0.998, P < 0.0001). The AUC of ROC produced 

by serum BDNF was 0.875 (95% CI = 0.808-0.942, P 

< 0.0001).  

    While in relative to primary hypertension patients 

without depression, the AUC of ROC produced by 

serum miR-1-3p in patients with primary hypertension 

with depression was 0.957 (95% CI = 0.925-0.989, P 

< 0.0001). In addition, the AUC of ROC produced by 

serum BDNF was 0.883 (95% CI = 0.821-0.944, P < 

0.0001). Serum miR-1-3p and BDNF may be 

indicative of primary hypertension complicated with 

depression and can be used as new indexes to judge 

primary hypertension complicated with depression 

from those of normal population and patients without 

depression. 

 

Analysis of influential factors in patients with 

primary hypertension complicated with depression 

    Based on the occurrence of depression or not, this 

part of the study further explored the effects of 

gender, age, BMI, HADS-D score, HAMD score, 

blood lipid level, homocysteine level, smoking 

history, course of the disease, miR-1-3p expression 

and BDNF level on patients with primary 

hypertension. As shown in Table 2, HADS-D, HAMD 

score, course of the disease, miR-1-3p expression and 

BDNF level showed statistical differences in primary 

hypertension patients with and without depression 

(All P < 0.05). These results indicated that patients 

with higher HADS-D and HAMD scores, longer 

duration of hypertension, increased expression of 

miR-1-3p, and lower level of BDNF would promote 

the occurrence of depression in primary hypertension 

patients. 

 

Table 2.  Influential factors in patients with primary 

hypertension complicated with depression 
 Non-

depression 

group 

Depression 

group 

P-value 

HADS-D score 4.80±2.01 8.52±3.16 < 0.001 

HAMD score 5.64±1.30 22.35±1.79 < 0.001 

Duration of 

hypertension 

(years) 

9±6 14±5 < 0.001 

miR-1-3p 

expression 

1.08±0.06 1.95±0.24 < 0.001 

BDNF level 16.21±6.46 8.33±1.71 < 0.001 

Note: HADS-D, Hospital Anxiety and Depression Scale-

Depression; HAMD, Hamilton Depression Rating Scale; 

miR-1-3p, microRNA-1-3p; BDNF, brain-derived 

neurotrophic factor. 

 

    The comorbidity rate of hypertension with anxiety 

and/or depression is increasing year by year (16, 37). 

Patients with hypertension are prone to anxiety and 

depression (17, 38). At present, the common 

pathogenesis of hypertension with anxiety and/or 

depression may be related to autonomic nerve 

dysfunction, activation of the immune system or 

neuronal damage caused by inflammatory reaction 

(39,40). Despite the deepening understanding of the 

occurrence and development of hypertension with 

anxiety and/or depression and the continuous 

improvement of the treatment of double-cardiac 

diseases (cardiovascular diseases and psychological 

disorders) (41,42), the comorbidity rate of 

hypertension with anxiety and/or depression is still 

quite high, which indicates that the treatment of anti-

anxiety and depression requires to be improved. At 

present, it is particularly important to find out new 

therapeutic targets for hypertension complicated with 

depression. This study detected the changes of serum 

miR-1-3p expression and BDNF level in patients with 

primary hypertension complicated with depression, 

and analyzed the relationship of the changes of serum 
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miR-1-3p and BDNF with primary hypertension 

complicated with depression, so as to identify the 

practical significance of serum miR-1-3p and BDNF 

in the diagnosis of primary hypertension complicated 

with depression. 

    BDNF is a member of the neurotrophin family that 

has a high content in the hippocampus and cortex 

(43). By binding with its receptor, BDNF activates the 

intracellular signal transduction pathway, starts gene 

transcription, and participates in physiological 

activities such as promoting neuronal growth and 

regulating synaptic plasticity (44). Furthermore, 

miRNA is a kind of small non-coding RNA that plays 

an important role in life activities (21, 24). Our 

understanding of the pathophysiological mechanisms 

of psychological disorders such as depression has 

significantly increased over the years, there is still a 

shortage in the diagnosis and treatment of this type of 

disease, especially when it is acting as comorbidity 

(45). For this reason, research on miRNAs develops 

rapidly recently, which has been explored for 

psychological disorders. In this study, in patients with 

primary hypertension complicated with depression, 

the expression of serum miR-1-3p was significantly 

higher and the level of BDNF in serum was much 

lower than those in healthy controls and primary 

hypertension patients without depression; but there 

was no significant difference in the levels of miR-1-3p 

and BDNF between hypertension patients without 

depression and healthy subjects. It is suggested that 

miR-1-3p and BDNF may be involved in the process 

of primary hypertension complicated with depression. 

Meanwhile, in our previous research, we searched the 

online miRanda website and found that there were 

binding sites between miR-1-3p and BDNF. 

Significantly, in our study, through Pearson analysis, 

it was found that there was a negative correlation 

between miR-1-3p and BDNF in the serum of patients 

with primary hypertension complicated with 

depression. It is suggested that the high expression of 

miR-1-3p may participate in the process of depression 

in patients with primary hypertension by down-

regulating the level of BDNF, but the specific 

mechanism has not been clarified that requires further 

identification. Further ROC curve analysis shows that 

in relative to the normal control population and 

primary hypertension patients without depression, the 

AUC of ROC predicted by serum miR-1-3p in 

patients with primary hypertension was 0.971 and 

0.957; and that of BDNF was 0.875 and 0.883, 

respectively. Both indexes showed relatively higher 

diagnostic value, especially miR-1-3p, suggesting that 

both miR-1-3p and BDNF can be used for the 

diagnosis of hypertension patients with depression or 

not, and BDNF can be regarded as an auxiliary 

prediction index. 

    Moreover, through the analysis of 

clinicopathological parameters, in addition to HADS-

D, HAMD score, and course of the disease, the 

feasibility of both miR-1-3p and BDNF was 

confirmed in the diagnosis of primary hypertension 

complicated with depression. It can further improve 

the early diagnosis rate of patients with primary 

hypertension complicated with depression, so as to 

achieve the purpose of early treatment, and lay a 

research foundation for clarifying the gene regulation 

and corresponding mechanism of miR-1-3p in the 

development of primary hypertension complicated 

with depression. Therefore, our study proposed that 

both miR-1-3p and BDNF may be new indicators of 

primary hypertension complicated with depression. 

    In conclusion, there is a high expression of serum 

miR-1-3p and a low level of serum BDNF in patients 

with primary hypertension complicated with 

depression. miR-1-3p has a negative correlation with 

BDNF, and it may play a role by negatively regulating 

the expression of BDNF. Detecting the levels of 

serum miR-1-3p and BDNF in patients with primary 

hypertension can predict the occurrence of primary 

hypertension complicated with depression. However, 

there are some deficiencies in this study, such as few 

research samples. In order to early detect and 

diagnose primary hypertension complicated with 

depression, it is necessary to further expand the 

samples to verify and screen the specific serum 

biomarker combination of primary hypertension 

complicated with depression. In addition, this study 

focuses on clinical exploration. In the future, it is 

necessary to carry out in vivo and in vitro experiments 

to verify the specific relationship, roles and relevant 

mechanisms of the miR-1-3p/BDNF axis. 
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