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Abstract
Objective: To explore characteristics and influencing factors for blood pressure variability (BPV) in aged patients with H type
hypertension.
Methods: A total of 100 patients with essential hypertension, who were treated in our hospital from December 2012 to Decem-
ber 2013, were selected. According to serum level of homocysteine (Hcy), patients were divided into pure hypertension group
(n = 42, Hcy < 15.4 µmol/L) and H type hypertension group. All patients received 24 h ambulatory blood pressure monitoring
(24hABPM), and BPV indexes were recorded and compared between two groups. Correlation among BPV indexes and general
data were analyzed, and multi-factor linear regression analysis was used to analyze influencing factors for BPV indexes.
Results: Compared with pure hypertension group, there were significant increases in 24 h systolic blood pressure standard
deviation [24hSSD, (12.80 ± 2.23) vs. (16.01 ± 3.11)], daytime SSD [dSSD, (11.58 ± 2.30) vs. (13.86 ± 2.26)] and nighttime
SSD [nSSD, (9.41 ± 1.64) vs. (11.71 ± 2.34)] in H type hypertension group, p < .05 or p < .01. Pearson correlation analysis
showed that Hcy, total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) were significantly positively correlated
with 24hSSD, dSSD and nSSD (r = 0.201-0.508, p < .05 or p < .01). Multivariate linear regression analysis indicated that Hcy
and TC were significantly positively correlated with 24hSSD, dSSD and nSSD (B = 0.194-0.546, p < .05 or p < .01).
Conclusions: Systolic BPV in aged patients with H type hypertension was significantly higher than that of patients with pure
hypertension, their serum Hcy level, TC elevating level were significantly positively correlated with systolic BPV and were
major influencing factors for BPV in these patients.
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In recent years, the study points of blood pressure variability
(BPV) both at home and abroad mainly focus on the simple
essential hypertension population, but there is less research
on BPV in elderly patients with H type hypertension. It is
necessary to further clarify the characteristics and main in-
fluencing factors of blood pressure fluctuation in elderly pa-
tients with H type hypertension. In this study, patients with
hypertension aged 65-82 years were enrolled in this study.
Serum homocysteine (Hcy) levels were measured in all sub-
jects. BPV indexes of 24-hour ambulatory blood pressure
monitoring (24hABPM) of all subjects were collected to ex-

plore the characteristics and influencing factors of BPV in
patients with H type hypertension, so as to provide a new
theoretical basis for clinical prevention and treatment of H
type hypertension.

1 Data and nethods
1.1 Research object

A total of 100 patients with essential hypertension, aged
from 65 to 82 years, enrolled or hospitalized in our hospital
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from December 2012 to December 2013, were selected. All
patients were fasting overnight for 12 hours. 3 ml blood
of the anterior elbow vein was taken from the patient in
the morning. The serum Hcy level of all the patients was
detected with circulating enzyme method by the laboratory
department of our hospital. The results were divided into
two groups according to the results of Hcy. A total of 58
cases, including 32 males and 26 females were enrolled in
H type hypertension group as Hcy ≥ 15.4 µmol/L, with an
average age of (71.3 ± 5.1) years. And 42 cases were en-
rolled in pure hypertension group, including 25 males and
17 females, with an average age of (68.9 ± 4.5) years due
to Hcy < 15.4 µmol/L. All patients should follow the inclu-
sion criteria: (1) age > 65 years; (2) the patients with hyper-
tension were in accordance with the diagnostic criteria of
the Chinese Guidelines for the Prevention and Treatment of
Hypertension (2010). Exclusion criteria: secondary hyper-
tension, non-hypertensive heart disease, severe heart failure,
diabetes, hyperthyroidism, hypothyroidism, severe liver and
renal insufficiency, and recent use of vitamin B and folic
acid and other drugs affecting the metabolism of Hcy were
also not included.

1.2 Observational indexes and methods

Patient history data were collected, including age, gender,
hypertension course, smoking and so on. Height and weight
were measured by specialists to calculate body mass index
(BMI). 4 ml of blood was extracted from the anterior elbow
vein blood after fasting 12 h, and serum Hcy was detected by
circulating enzyme. Reference range: serum Hcy 0.0-15.4
µmol/L, colorimetric determination of fasting blood glucose
(FPG), total cholesterol (TC), triglyceride (TG), low-density
lipoprotein-cholesterol (LDL-C), high-density lipoprotein-
cholesterol (HDL-C) from all patients were performed by
the HITACHI7600-020 automatic biochemical analyzer.

Model MOBIL-O-GRAPH, an ambulatory blood pressure
monitoring system made by German IEM company, was
used in the study and it was a noninvasive portable and
cuffless blood pressure monitor. Quantitative indexes in-
cluding BPV 24 h systolic blood pressure standard devi-
ation (24hSSD), daytime systolic blood pressure standard
deviation (dSSD), nighttime systolic blood pressure stan-
dard deviation (nSSD), 24 h diastolic blood pressure stan-
dard deviation (24hDSD), day diastolic blood pressure stan-
dard deviation (dDSD), nocturnal diastolic blood pressure
standard deviation (nDSD), the above data were available
by the 24hABPM instrument. In this study, 24hSSD, dSSD
and nSSD were used as quantitative indexes of systolic and
pressure variability (SBPV).

1.3 Statistical methods

The data were analyzed by SPSS11.0 software package. The
measurement data were expressed as mean ± standard devia-
tion (x̄ ± s). The χ2 test and t-test were adopted on compari-
son among groups. Pearson correlation analysis was used to
analyze the quantitative indexes. Multivariate linear regres-
sion was used in multivariate analysis, and variance analysis
was used in regression model hypothesis test. P < .05 was
considered statistically significant.

2 Results
2.1 Comparison of general clinical data between

the two groups

There were no significant differences in age, sex, hyperten-
sion course, smoking, BMI, FBG and blood lipid between
H type hypertension group and pure hypertension group (p
> .05, see Table 1).

Table 1: Comparison of general clinical data between the two groups
 

 

Project Pure hypertension group (42 cases) H type hypertension group (58 cases) t/χ² p 

Age (years) 68.9 ± 4.5 71.3 ± 5.1 0.142 .138 

Male/Female (cases) 25/17 32/26 3.164 .074 

Hypertension course (years) 11.55 ± 4.01 13.26 ± 4.62 0.246 .128 

Smoking (n, %) 17 (40.5) 36 (62.09) 2.187 .185 

BMI (kg/m
2
) 23.54 ± 2.78 24.00 ± 2.63 0.213 .133 

GLU (mmol/L) 5.49 ± 1.12 5.93 ± 1.37 0.224 .127 

TG (mmol/L) 1.70 ± 0.41 1.81 ± 0.38 1.864 .065 

TC (mmol/L) 4.23 ± 1.03 4.77 ± 1.26 1.718 .074 

HDL-C (mmol/L) 1.34 ± 0.44 1.25 ± 0.32 0.545 .578 

LDL-C (mmol/L) 2.71 ± 0.63 2.86 ± 0.76 1.934 .061 

Note. BMI: body mass index; HDL-C: high-density lipoprotein-cholesterol; LDL-C: low-density lipoprotein-cholesterol 
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Table 2: Comparison of BPV between the two indexes (x̄ ± s)
 

 

Project Pure hypertension group (42 cases) H type hypertension group (58 cases) t p 

24HSSD 12.80 ± 2.23 16.01 ± 3.11
△△

 7.27 .003 

dSSD 11.58 ± 2.30 13.86 ± 2.26
△
 3.814 .039 

nSSD 9.41 ± 1.65 11.71 ± 2.34
△
 3.926 .034 

24hDSD 9.67 ± 1.91 10.27 ± 1.70 0.285 .612 

dDSD 9.19 ± 1.48 9.68 ± 1.82 0.259 .693 

nDSD 7.92 ± 1.35 9.10 ± 1.63 0.391 .512 

Note. 24hDSD: standard deviation of 24h diastolic blood pressure; dSSD: standard deviation of daytime systolic blood pressure; nSSD: standard 

deviation of nighttime systolic blood pressure; dDSD: standard deviation of daytime diastolic blood pressure; nDSD: standard deviation of 

nighttime diastolic blood pressure. Compared with pure hypertension group, △ p < .05, △△ p < .01 

 

 

Figure 1: Comparison of BPV between H type
hypertension and pure hypertension

2.2 Comparison of BPV test between the two
groups

The levels of 24hSSD, dSSD and nSSD were higher in pa-
tients with H type hypertension than those in patients with
hypertension alone (p < .05 or p < .01). There was no signif-

icant difference in 24hDSD, dDSD and nDSD between the
two groups (p > .05, see Table 2 and Figure 1).

2.3 Correlation between 24hSSD, dSSD, nSSD and
the indexes

Pearson correlation analysis was used to analyze the corre-
lation between gender, age, hypertension course, smoking,
BMI, FBG, Hcy, TG, TC, HDL-C, LDL-C with 24hSSD,
dSSD and nSSD. Results: There were significant positive
correlations between Hcy, TC, LDL-C and 24hSSD, dSSD,
nSSD (r = 0.201-0.508, p < .05 or p < .01, see Table 3).

2.4 Multiple regression analysis between 24hSSD,
dSSD, nSSD and the indexes

24hSSD, dSSD, nSSD were taken as dependent variables,
age, hypertension course, smoking, sex, Hcy, LDL-C, TC,
TG, HDL-C and BMI as independent variables for multiple
linear regression analysis, whose results suggested that Hcy
and TC were the influence factors of 24hSSD, dSSD and
nSSD (B = 0.194-0.546, p < .05 or p < .01, see Tables 4-6).

Table 3: Pearson correlation analysis between 24hSSD, dSSD, nSSD and the indexes
 

 

Project 
24hSSD  dSSD  nSSD 

r p  r p  r p 

Male/Female  0.035 .731  0.008 .939  0.072 .479 

Age  0.154 .129  0.131 .195  0.133 .188 

Hypertension course  0.032 .897  0.010 .939  0.086 .399 

Smoking 0.152 .134  0.171 .091  0.143 .158 

BMI  0.062 .056  0.051 .641  0.079 .438 

GLU  0.044 .066  0.064 .529  0.005 .958 

TG  0.057 .731  0.149 .142  0.166 .101 

TC  0.288 .004  0.256 .012  0.212 .035 

LDL-C  0.255 .011  0.232 .014  0.201 .047 

HDL-C  -0.173 .089  -0.136 .180  -0.180 .075 

Hcy  0.406 .001  0.508 .001  0.343 .001 

Note. BMI: body mass index; HDL-C: high-density lipoprotein-cholesterol; LDL-C: low-density lipoprotein-cholesterol; Hcy: homocysteine 

 12 ISSN 2375-8449 E-ISSN 2375-8473



dcc.newcenturyscience.com Discussion of Clinical Cases 2017, Vol. 4, No. 3

Table 4: Multiple regression analysis of 24hSSD and the indexes
 

 

Project B SPRC 95% CI SE t p 

Constant -7.137 - -16.925-0.256 4.925 -1.449 .151 

Hcy 0.305 0.395 0.175-0.435 0.065 4.674 .001 

TC 0.546 0.205 0.055-1.037 0.247 2.209 .032 

 

Table 5: Multiple regression analysis of dSSD and the indexes
 

 

Project B SPRC 95% CI SE t p 

Constant -2.734 - -11.075-5.607 2.461 -0.6510 .571 

Hcy 0.340 0.513 0.227-0.454 0.057 5.964 .001 

TC 0.429 0.187 0.003-0.854 0.216 2.004 .047 

 

Table 6: Multiple regression analysis of nSSD and the indexes
 

 

Project B SPRC 95% CI SE t p 

Constant 0.522 - -7.474-8.571 4.023 0.130 .897 

Hcy 0.194 0.248 0.250-0.426 0.199 2.356 .020 

TC 0.468 0.344 0.088-0.302 0.053 3.651 .001 

 

3 Discussion

BPV refers to the fluctuation of blood pressure over a period
of time. It is a normal physiological phenomenon that sys-
tolic blood pressure and diastolic blood pressure of healthy
people have a fluctuation range of 25% in 24 hours.[1] The
risk of vascular disease due to the synergistic effect of high
Hcy and hypertension is much higher than that of high Hcy
in combination with other risk factors.[2] Recently, a large
prospective study in China has confirmed that the risk of
cardiovascular and cerebrovascular events in patients with
H type hypertension is 8.5 times and 3.9 times respectively
higher than those in patients with hypertension or Hcy.[3]

By comparing the BPV indexes of two groups of patients, it
was found that 24hSSD, dSSD and nSSD in H type hyper-
tension group were significantly higher than those in pure
hypertension group (all p < .05 or p < .01). There was no
significant difference between 24hDSD, dDSD and nDSD
of the two groups (all p > .05), which was consistent with
the research reports of Xu BL.[4] This study suggested that
Hcy in elderly patients with H typertension and SBPV were
closely related, indirectly reflecting that the prognosis of el-
derly patients with H type hypertension was worse than that
of patients with pure hypertension. It provides a basis for
H type hypertension patients who are prone to have cardio-
vascular and cerebrovascular diseases than those with pure
hypertension.

The study found that there was a significant difference of
SBPV between the two groups, but no difference of DBPV
between the two groups. The reason may be that the el-

derly may have different degrees of organ degenerative dis-
eases, and a variety of blood pressure regulation mecha-
nism in the body is unbalance with the increase of age. It
is mainly manifested as neuro-hormonal regulation, sym-
pathetic neural activity regulation and decreased baroreflex
sensitivity.[5–8] In addition, the fact that the decreased arte-
rial elasticity and the increased pulse pressure of the elderly
result in the increase of simple systolic pressure, a charac-
teristic in patients with H type hypertension.

Hypertension and high Hcy are the two major elements of
hypertension and they are not a simple combination of two
factors. High Hcy can promote the occurrence and develop-
ment of hypertension. That’s the reason why SBPV is higher
in patients with H type hypertension than that with pure
hypertension. In this study, the Pearson correlation anal-
ysis showed that the level of SBPV in the elderly patients
with H type hypertension was positively correlated with the
level of serum Hcy. The multiple linear regression analy-
sis further confirmed that Hcy was the influencing factor of
SBPV in elderly patients with H type hypertension, and the
serum Hcy was closely related to SBPV. Self oxidation of
Hcy causes vascular endothelial cell injury, and the change
of vascular shear stress leads to abnormal vascular struc-
ture and vascular compliance. Plus, Hcy leads to injury of
vascular endothelial cells induced by excessive active oxy-
gen in the body, resulting in the renin-angiotensin system
activation induced by sympathetic nerve and vagus nerve
on vascular regulation imbalance, and stimulates BPV.[9]

In addition, oxidative stress affects the biological activity
of nitric oxide, causes the damage of arterial endothelium,
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leads to the change of vascular structure and function, and
the increase of intimal medial thickness. Arterial stiffness
increases and compliance decreases, resulting in increased
BPV and atherosclerosis.[10, 11]

At present, the exact relationship between Hcy and BPV
in elderly patients with hypertension is still not very clear.
However, from the results of this study, serum Hcy level
was closely related to SBPV in elderly patients with hyper-
tension, and was the influencing factor of SBPV, suggesting
that serum Hcy may be involved in the occurrence and de-
velopment of elderly hypertension. Thus, BPV was higher
in patients with H type hypertension than that with pure
hypertension. In the future, relevant investigations should
be carried out at all levels to provide an effective theoret-
ical basis for the diagnosis and treatment of hypertension.
In addition, the study also confirmed the positive correla-
tion between BPV and LDL-C in patients with hyperten-
sion through Pearson, which is consistent with a domestic
study about the relationship between low density lipopro-
tein and BPV.[12] There was a significant positive correlation
between LDL-C and BPV, probably due to: (1) The release
of bradykinin, an agent that inhibits endothelium-dependent
vasodilatation by ox-LDL, promotes vasoconstriction and
causes the increase of SBPV; (2) The high degree of cy-
totoxicity of ox-LDL leads to the thickening of the intima,
which results in the decrease of the compliance of the arte-
rial wall and increase of BPV.[13] This study further found
LDL-C did not enter the regression equation by multivari-
ate linear regression analysis, suggesting that SBPV is not
an influencing factor. Whether it is due to the limitation of
the sample size of this study remains to be discovered. This
study found that there was a significant positive correlation
between SBPV and TC in hypertensive patients, and TC was
the influencing factor of SBPV, which was consistent with

the above findings. The significant positive correlation be-
tween TC, LDL-C, Hcy and SBPV in elder patients with
hypertension was also shown in our study. Among them,
TC and Hcy were the influencing factors of SBPV, suggest-
ing that dyslipidemia and high Hcy both affected SBPV in
elderly patients with hypertension. Both dyslipidemia and
high Hcy have been identified as one of the major risk fac-
tors for atherosclerosis. Zhang MH et al.[14] reported that
the cervical-femoral pulse wave velocity was significantly
higher in patients with H type hypertension than that in pa-
tients with pure hypertension. Therefore, the variability of
BPV especially systolic blood pressure is closely related to
vascular sclerosis.

This study showed that SBPV in elderly patients with H type
hypertension was significantly higher than that in patients
with pure hypertension. Among them, high Hcy is closely
related to SBPV, which is the influencing factor of SBPV.
It indicates that elderly patients with H type hypertension
are more likely to have target organ damage than those with
pure hypertension. Comprehensive considerations are re-
quired for the clinical staff to treat patients with H type hy-
pertension. On one hand, the control of the blood pressure
level should be taken into account by reducing the high Hcy
for this kind of patients. On the other hand, we reduce the
activity of sympathetic nerve on the basis of improving the
autonomic nerve function of cardiovascular system, thereby
reducing BPV in hypertensive patients, and further reduce
the occurrence of target organ damage in hypertensive pa-
tients.
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