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Abstract. – OBJECTIVE: To investigate the 
relationship between 24 h systolic blood pres-
sure variability (SBPV) and target organ damage 
in elderly patients with essential hypertension.

PATIENTS AND METHODS: 180 elderly pa-
tients (≥ 80 y) with hypertension admitted to our 
hospital from January 2015 to January 2017 were 
selected as hypertension group and divided into 
high blood pressure variability (BPV) group and 
low BPV group according to the 50th percentile 
(P50) of 24 h SBPV, while 90 elderly non-hyper-
tension patients admitted during the same peri-
od were enrolled as control group. 24 h ambu-
latory blood pressure values of patients in the 
three groups were recorded. The total choles-
terol (TC), left ventricular mass index (LVMI), ca-
rotid artery intima-media thickness (IMT), 24 h 
microalbuminuria (MA) and complications with 
cardiovascular disease in patients of the three 
groups were compared and analyzed. Logistic 
analysis was conducted with MA, IMT and LVMI 
as the dependent variables and the remaining 
risk factors as the independent variables. 

RESULTS: 24 h SBPV and daytime SBPV (d SB-
PV) in patients of the hypertension group were 
significantly higher than those in the control 
group (p < 0.01); the incidences of coronary heart 
disease and atherosclerotic plaque as well as IMT, 
LVMI and MA were higher in the high BPV group 
than those in the low BPV group (p < 0.05 or p < 
0.01). The multivariate results showed that 24 h 
SBPV was associated with IMT, LVMI and MA.

CONCLUSIONS: BPV can serve as an import-
ant indicator to predict target organ damage in 
elderly patients with essential hypertension. 24 
h SBPV can reflect the degree of target organ 
damage in elderly hypertensive patients.
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Introduction

Blood pressure variability (BPV), that is blood 
pressure fluctuation, refers to the fact that the 
body blood pressure is constantly fluctuating 

affected by its physiology and external environ-
ment1,2. The antihypertensive drugs also have an 
influence on BPV of patients. Most of previous 
studies3-7 on the relationship between BPV and 
target organ damage have indicated that the larg-
er the BPV in patients with essential hypertension 
is, the more serious the target organ damage 
will be. However, there is little research on the 
relationship between 24 h systolic blood pressure 
variability (24 h SBPV) and target organ damage, 
and only related literatures report that circadian 
rhythm change of blood pressure has a signifi-
cantly positive correlation with target organ dam-
age in elderly hypertensive patients6-8. The results 
of 24 h ambulatory blood pressure monitoring 
(ABPM) in 270 elderly patients were analyzed 
in this work. The relationship between BPV and 
blood vessel, kidney, heart and other target organ 
damage caused by hypertension were investigat-
ed in elderly patients with essential hypertension. 
The risk factors for hypertension were also ana-
lyzed in elderly patients. This study is to provide 
scientific basis for the prevention and treatment of 
elderly hypertension.

Patients and Methods

Patients
A total of 180 elderly hypertensive patients vis-

ited to our hospital from January 2015 to January 
2017 were selected as hypertension group, includ-
ing 133 males and 67 females, aged 80-102 years 
old, with an average age of (87.96 ± 8.22) years 
old. The hypertension duration was within 3-76 
years, with an average duration of (28.35 ± 10.25) 
years. Exclusion criteria: patients with tumor, 
hematological disease or other severe malignant 
diseases, secondary hypertension patients. 90 el-
derly non-hypertension patients treated in our 
hospital were enrolled as control group, including 
48 males and 42 females, aged 80-99 years old, 
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with an average age of (84.12 ± 7.23) years old. 
The patients with severe liver and kidney dys-
function, hypertensive emergencies, malignant 
tumor or multiple organ failure were excluded. 
The written informed consent was obtained from 
all subjects before the study. This investigation 
was approved by the Ethics Committee of Beijing 
Luhe hospital, Capital Medical University.

Methods

General Data
The age, gender, height, weight, body mass 

index (BMI), drinking history, smoking history, 
hypertension duration, present disease and medi-
cation were recorded.

Detection of Biochemical Indexes
The fasting blood was extracted in the morn-

ing of the next day after admission, so as to detect 
triacylglycerol (TG), blood urea nitrogen (BUN), 
serum creatinine (Cr), total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C), 
blood uric acid (UA), 24 h urinary protein content 
and other indexes. Therein, 24 h urine protein > 
250 mg was diagnosed as positive result. 

Monitoring of Blood Pressure
24 h ABPM (Meditech Equipment, Qingdao, 

Shandong, China) was performed for the enrolled 
patients, once every 0.5 h from 06:00 to 22:00 
and once every 1 h from 22:00 to 06:00. The 
24 h average systolic blood pressure (SBP) and 
diastolic blood pressure (DBP), daytime average 
SBP and DBP, nighttime average SBP and DBP, 
24 h blood pressure fluctuation standard devia-
tion (BPSD), daytime blood pressure fluctuation 
standard deviation (d BPSD) and nighttime blood 
pressure fluctuation standard deviation (n BPSD), 
were observed and calculated. Based on the 50th 

percentile (P50) of 24 h SBPV, the hypertension 
group was divided into the high BPV group [av-
erage real variability (ARV): 7.60-11.97] and the 
low BPV group (ARV: 11.97-17.63), and ARV was 
calculated.

Carotid Doppler Ultrasonography
Siemens soneline color Doppler ultrasound di-

agnostic instrument (Berlin, Germany) using vas-
cular high-frequency probe with the frequency of 
10 MHz was adopted. The patient was guided to 
take a supine position, head to the contra lateral 

side of examination, fully exposing the examined 
carotid artery. The both sides of distance from the 
intimal membrane 1 cm of common carotid artery 
bifurcation to the outside of medial membrane 
were measured for 3 times, followed by taking the 
mean value. The carotid intima-media thickness 
(IMT) ≥ 1.0 mm was regarded as the diagnosis of 
intima-media thickness thickening, and IMT ≥ 1.5 
mm was diagnosed as carotid plaque.

Ultrasonic Cardiogram Examination
HP Sonos 2500 ultrasonic cardiogram equip-

ment (Palo Alto, CA, USA) with probe frequency 
of 2.5 MHz was utilized. The left lateral posi-
tion was taken for patients. The left ventricular 
long-axis section M type was used to measure 
parameters for 3 times, followed by taking the 
mean value. The left ventricular mass (LVM) and 
left ventricular mass index (LVMI) were calculat-
ed in accordance with Devereux formula.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 19.0 software (Version X; IBM, Armonk, 
NY, USA) was adopted for statistical analysis. 
The t-test was performed for the comparison 
of mean value, and x2 test for the significant 
difference between groups. Logistic regression 
analysis was used to evaluate the relationship 
between IMT, LVMI, MA and other risk factors. 
p < 0.05 suggested the difference was statistically 
significant.

Results

Comparison of BPV Between Elderly 
Hypertension Group and Control Group

Differences in comparisons of 24 h average 
diastolic blood pressure variability (24 h DBPV), 
daytime DBPV (d DBPV), nighttime SBPV (n 
SBPV) and DBPV (n DBPV) were not statistical-
ly significant (p > 0.05), but 24 h average SBPV 
(24 h SBPV) and daytime SBPV (d SBPV) in 
the elderly hypertension group were higher than 
those in the control group (p < 0.05) (Table I).

Analysis of Clinical Characteristics and 
Target Organ Damage

The patients in the high BPV group were older, 
and hypertension duration was longer. Addition-
ally, the proportion of males and smokers was 
larger. BMI, LDL-C, 24 h SBP, IMT, LVMI, MA, 
the prevalence of coronary heart disease and ath-
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erosclerotic plaque were higher in patients of the 
high BPV group than those in the low BPV group 
(p < 0.05 or p < 0.01). There were no statistically 
significant differences in drinking history, TC, 
TG, HDL-C, BUN, Cr, UA and 24 h DBP among 
the three groups (p > 0.05). The differences in 
taking antihypertensive and statins drugs be-
tween high and low BPV group had no statistical 
significance (p > 0.05) (Table II). 

Correlation Analysis Between Risk 
Factors and Target Organ Damage

LDL-C, BMI and smoking were associated 
with IMT. 24 h SBPV and 24 h SBP were related 

to IMT, LVMI and MA. The age, hypertension 
duration, TC, TG, 24 h DBP and 24 h DBPV were 
significantly correlated to IMT, LVMI and MA 
(Table III).

Discussion

The clinical characterization of elderly pa-
tients with hypertension includes large arterial 
stiffening, decrease in compliance, increasing 
in systolic blood pressure and significant rise 
in arterial blood pressure fluctuation. It is often 
accompanied by disorders of glucose and lipid 

Table I. Comparison of BPV between elderly hypertension group and control group.

 Elderly hypertension group Control group t p

24 h DBPV 8.80 ± 2.67 8.06 ± 2.35 -11.543 0.075
24 h SBPV 12.46 ± 2.34 10.89 ± 2.31  5.965 0.000
d DBPV 8.22 ± 2.45 8.02 ± 2.13  5.864 0.247
d SBPV 9.58 ± 2.10 8.81 ± 2.45  9.139 0.031
n DBPV 7.88 ± 2.21 7.82 ± 2.17 11.936 0.215
n SBPV 9.42 ± 3.38 8.99 ± 2.58 11.093 0.083

Abbreviations: BPV, blood pressure variability; d DBPV, daytime diastolic BPV; d SBPV, daytime systolic BPV; n DBPV, 
nighttime diastolic BPV, n SBPV, nighttime systolic BPV.

Table II. Analysis of clinical characteristics and target organ damage in different subgroup.

 Control group Low BPV group High BPV group

Age (y) 86.45 ± 7.38 85.21 ± 8.34a 88.59 ± 7.46b,c

Gender (n)
  Male 48 51 62
  Female 42 39 28
Smoker n (%) 22 (24.44) 52 (57.78)b 74 (82.22)c,d

Drinker n (%) 28 (31.11) 38 (42.22) 42 (46.67)
Hypertension duration (y) – 26.14 ± 10.35 29.43 ± 9.52c

BMI (kg/m2) 22.48 ± 2.75 23.39 ± 1.67a 25.64 ± 1.72b,d

TC (mmol/L) 3.88 ± 1.04 4.19 ± 1.11 4.12 ± 1.3
TG (mmol/L) 1.58 ± 1.46 1.65 ± 1.38 1.86 ± 1.52
HDL-C (mmol/L) 1.35 ± 0.42 1.33 ± 0.35 1.39 ± 0.41
LDL-C (mmol/L) 2.29 ± 0.84 2.61 ± 1.05b 3.32 ± 1.19b,c

Bun (mmol/L) 6.85 ± 1.92 7.41 ± 2.09 7.22 ± 2.01
Cr (mmol/L) 82.54 ± 20.64 86.37 ± 24.29 89.67 ± 20.38
UA(umol/L) 389.17 ± 69.25 379.62 ± 57.24 392.57 ± 72.60
24 h SBP (mmHg) 125.16 ± 14.25 122.50 ± 15.24b 130.28 ± 16.48b,c

24 h DBP (mmHg) 67.95 ± 7.89 68.45 ± 8.42 71.04 ± 9.06
Cardiovascular disorder n (%) 28 (31.31) 62 (68.89)a 76 (84.44)a,d

IMT (mm) 0.85 ± 0.19 0.98 ± 0.26b,c 1.17 ± 0.24a

Atherosclerotic plaque n (%) 24 (26.67) 67 (74.44)a,c 80 (88.89)a

LVMI (g/m2) 200.16 ± 26.48 36.07 ± 23.89 146.28 ± 24.97a,b

MA (mg/24 h) 226.14 ± 41.42 236.07 ± 45.68b 285.61 ± 53.09b,d

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; IMT, intima-media 
thickness; LVMI, left ventricular mass index; MA, microalbuminuria. Note: a, p < 0.05 in comparison with control group, b, 
p < 0.01 in comparison with control group; c, p < 0.05 in comparison with low BPV group; d, p < 0.01 in comparison with low 
BPV group.
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metabolism9. Rothwell et al10 discussed short-
comings of the usual blood-pressure hypothesis, 
provided background to accompanying reports 
on the importance of blood-pressure variability 
in prediction of risk of vascular events and in 
accounting for benefits of antihypertensive drugs, 
and drawn attention to clinical implications and 
directions for future research. Consistent with 
above findings, the result of this study displayed 
that BMI, LDL-C, 24h SBPV and d SBPV in 
patients of the elderly hypertension group were 
higher than those in the control group. The prev-
alence rate of coronary heart disease in patients 
of the hypertension group reached as high as 
76.67%, revealing that elderly hypertensive pa-
tients are often accompanied by coronary heart 
disease. The mechanism of BPV remains unclear 
at present. More and more evidence suggests that 
blood pressure rhythm disorder can be considered 
as an independent risk factor for cardiovascular 

events due to high blood pressure and target 
organ damage. Among them, the prevalence of 
left ventricular hypertrophy and renal damage is 
higher in non-dipper hypertensive patients, while 
cerebral vascular damage is more common in 
dipper hypertensive patients. Based on the results 
of animal experiments, some scholars3-8 proposed 
that the following factors may be the causes of 
BPV: (1) the activation of humoral regulation 
system; (2) the rising and falling levels of tissue 
perfusion leading to direct injury of endothelial 
cells; (3) the apoptosis of myocardial cells; (4) in-
flammatory reaction. Recently, relevant literature 
has reported that BPV was significantly related to 
target organ damage and BPV could be used as a 
deciding factor to forecast target organ damage in 
elderly hypertensive patients. BPV was presented 
by ARV in this work, which displayed that 24 h 
SBPV was correlated with MA, IMT and LVMI, 
indicating that 24 h SBPV may be a major risk 

Table III. Correlation analysis between risk factors and target organ damage.

                          IMT                         LVM                      MA 

 Univariate  Multivariate Univariate Multivariate Univariate Multivariate
 analysis analysis analysis analysis analysis analysis
 p (γ) p (β) p (γ) p (β) p (γ) p (β)

Age 0.056 0.259 0.021 0.433 0.021 0.159
 (0.142) (0.726) (0.134) (0.257) (0.458) (0.227)
Gender 0.336 0.176 0.325 0.186 0.235 0.204
 (0.427) (0.259) (0.434) (0.433) (0.258) (0.306)
Smoking 0.000 0.000 0.432 0.124 0.018 0.135
 (0.524) (0.005) (0.234) (0.208) (0.421) (0.256)
BMI 0.000 0.000 0.125 0.411 0.345 0.216
 (0.296) (0.008) (0.171) (0.213) (0.419) (0.203)
Hypertension history 0.003 0.002 0.000 0.275 0.000 0.433
 (0.239) (0.017) (0.225) (0.267) (0.253) (0.249)
TC 0.019 0.128 0.014 0.168 0.001 0.192
 (0.341) (0.125) (0.362) (0.257) (0.216) (0.322)
TG 0.016 0.156 0.135 0.536 0.000 0.000
 (0.514) (0.432) (0.267) (0.237) (0.602) (0.006)
LDL-C 0.018 0.000 0.004 0.195 0.217 0.186
 (0.342) (0.006) (0.437) (0.326) (0.453) (0.293)
24 h SBP 0.000 0.000 0.000 0.000 0.001 0.001
 (0.578) (0.002) (0.545) (0.461) (0.259) (0.728)
24 h DBP 0.123 0.217 0.233 0.214 0.254 0.415
 (0.315) (0.425) (0.138) (0.619) (0.212) (0.216)
24 h SBPV 0.000 0.000 0.001 0.000 0.006 0.000
 (0.436) (0.018) (0.345) (0.645) (0.219) (0.447)
24 h DBPV 0.168 0.125 0.326 0.210 0.139 0.349
 (0.145) (0.314) (0.418) (0.531) (0.079) (0.356)

Abbreviations: IMT, intima-media thickness; LVM, left ventricular mass; MA, microalbuminuria; BMI, body mass index; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; SBPV, systolic blood pressure variability; DBPV, diastolic blood 
pressure variability. Note: p < 0.05 suggested statistically significant.
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factor in the process of target organ damage in el-
derly hypertensive patients. However, there were 
no significant correlations between 24 h DBPV 
and MA, IMT and LVMI, suggesting that 24 h 
DBPV may be not the major risk factor in the hy-
pertensive target organ damage. The further mul-
tivariate results showed that 24 h SBPV was still 
associated with MAT, IMT and LVMI, prompting 
that it can be adopted as an independent risk 
factor of target organ damage in elderly patients 
with hypertension. The thickening of IMT, an 
early sign of atherosclerosis11, can be used as a 
simple index to reflect coronary atherosclerosis. 
Albumin can be utilized as an important param-
eter to reflect the selective barrier damage of glo-
merular filtration membrane charge, which can 
indirectly reflect the whole blood vessel injury 
during atherosclerosis12. This paper indicated that 
the increase of MA and IMT may be correlated 
with blood pressure, glucose, lipid metabolism 
and other multiple factors. The number of smok-
ers, LDL-C and BMI in the elderly hypertension 
group were significantly higher than those in the 
control group. Multivariate analysis showed that 
MA and IMT were still associated with BMI and 
smoking, suggesting that obesity and smoking 
are important risk factors leading to vascular 
damage in hypertensive patients. With the con-
tinuous development of antihypertensive drugs, 
blood pressure was reduced and blood pressure 
variability was also controlled. Researches have 
shown that the antihypertensive treatment of 
blood pressure significantly reduced the overall 
prevalence of cardiovascular and cerebrovascular 
events, improving the prognosis of patients with 
hypertension.

Conclusions

BPV can serve as an important indicator to 
predict target organ damage in elderly patients 
with essential hypertension. 24 h SBPV can re-
flect the degree of target organ damage in elderly 
hypertensive patients.
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