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Abstract 
Greater fluctuations in office blood pressure increase the risk of stroke and 
blood pressure volatility is an important risk factor for cardiovascular events. 
Effects of sympathetic and parasympathetic nerve on blood pressure regula-
tion are well known, however, those on visit-to visit variation remains un-
clear. Aim of this study is to clarify the contribution of sympathetic and pa-
rasympathetic balance on blood pressure fluctuation. Methods: We enrolled 
23 outpatients with essential hypertension. We measured blood pressure, and 
pulse rate at clinic 14 times in a row and calculated coefficient of variance 
(CV) as visit-to-visit variability. The velocity of pupil contraction, miosis (VC) 
and dilation, mydriasis (VD) was determined from pupillary function test. 
Results: Systolic blood pressure and diastolic blood pressure were not signifi-
cantly correlated with VC, VD and VD/VC. Heart rate was not correlated with 
VC and VD, but significantly correlated with VD/VC. CV of systolic blood 
pressure, diastolic blood pressure and heart rate were not significantly corre-
lated with VC or VD. Ratio of VD to VC significantly negative correlated with 
CV of blood pressure, diastolic blood pressure, and heart. Value of VD was 
significantly correlated with value of VC. Conclusion: Visit-to-visit variability 
of blood pressure and heart rate is not related with sympathetic or parasym-
pathetic tone independently but augmented by the impaired sympathetic and 
parasympathetic balance. 
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1. Introduction 

Visit-to-visit variability of systolic blood pressure and maximal systolic blood 
pressure in patients with transient ischemic attack are risk factors for stroke, in-
dependent of mean blood pressure, and its importance has recently been reported 
[1] [2]. It has also been reported that greater fluctuations in-office blood pres-
sure increase the risk of stroke after adjusting blood pressure levels and other 
recreational factors, and blood pressure volatility is an important risk factor for 
cardiovascular events [2]. 

It is well known that sympathetic and parasympathetic nerve affects blood 
pressure regulation. Sympathetic nerves are an important factor in short-term 
blood pressure regulation and resting sympathetic nerve activity is associated 
with daytime home and office blood pressure fluctuations and nocturnal blood 
pressure reduction [3]. Beta blockers, which are sympathomimetics, are known 
to suppress short-term fluctuations in blood pressure and heart rate [4]. On 
the other hand, it has been reported that the difference between the basal blood 
pressure measurement value and the maximum blood pressure measurement 
value decreases in patients taking β-blockers, but there is an inverse correlation 
between changes in blood pressure fluctuations and changes in blood noradre-
naline [5]. These results show that sympathetic nerves are associated with short- 
term blood pressure fluctuations, but there are many unclear points regarding 
the relationship between blood pressure visit-to-visit variability. In addition, we 
have conducted research to evaluate autonomic nerve function by introducing a 
method for non-invasively measuring sympathetic nerve function and parasym-
pathetic nerve function using a pupil function test [6] [7]. In this study, we ana-
lyzed the relationship between hypertension visit-to-visit variability and sympa-
thetic and parasympathetic nerve activity obtained from pupil function tests and 
clarify the involvement of autonomic nerves visit-to-visit variability in hyperten-
sion. 

2. Subjects and Methods 
2.1. Subjects 

We enrolled 23 outpatients (12 males, 11 females) with mild essential hyperten-
sion who had been administered antihypertensive drugs for at least six months 
at Wakayama Medical University Satellite Clinic. Average age was 65.9 ± 11.7, 
mean ± SD. Single therapy of calcium antagonist was performed for seven pa-
tients, combination of calcium antagonist and angiotensin receptor blockade for 
6patients, combination of calcium antagonist, angiotensin receptor blockade and 
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diuretics for 5 patients, and combination of calcium antagonist and diuretics for 
one patient. Patients with secondary hypertension, diabetes, cataract, or other 
medical problems requiring specific treatments were excluded. All 23 patients 
provided written, informed consent to participate in this study. The Ethics Com-
mittee at Wakayama Medical University approved this study (#878), which con-
formed to the principles outlined in the Declaration of Helsinki. 

2.2. Experimental Protocol 

Pupillary function tests proceeded under similar environmental conditions be-
tween 09:00 and 12:00. After resting for 15 minutes, the patients underwent pu-
pil function tests. We measured systolic and diastolic blood pressure, and pulse 
rate at clinic 14 times in a row and calculated coefficient of variance (CV) as vis-
it-to-visit variability.  

2.3. Pupillary Function Test 

Parameters of the pupillary light reflex were examined using pupillometry in low 
light conditions at rest. The patients rested for 15 min to acclimate their eyes to 
low light levels. The experimental conditions were explained to each patient in 
detail and then pupillometry of both eyes proceeded. The detailed method was 
described in the previous report [6] [7]. In brief, the diameter of the pupil was 
measured using an Iriscorder Dual C10641 pupillometer (Hamamatsu Photonics, 
Hamamatsu, Japan). The velocity of pupil contraction, miosis (VC) and dilation, 
mydriasis (VD) was determined from the total of pupillary function. We used 
VD as marker of sympathetic activity and VC as marker of parasympathetic ac-
tivity. And calculated VD/VC ratio as balance of sympathetic and parasympa-
thetic activity. 

2.4. Statistical Analysis 

A single correlation coefficient between coefficient of variation of blood pressure 
or heart rate and VD, VC, and VD/VC ratio was calculated using IBM SPSS 26. 

Data of each parameter were expressed as means ± SD. P < 0.05 was taken to 
indicate a significant difference.  

3. Results 

The average age is 66 ± 6 years old. Average of systolic blood pressure, diastolic 
blood pressure , and heart rate were 122.4 ± 32.7 mmHg, 72.7 ± 20.0 mmHg, and 
60.7 ± 18.0/minutes, respectively. The coefficient of variation for systolic blood 
pressure, diastolic blood pressure, and heart rate was 5.57 ± 2.13, 6.78 ± 2.96 and 
6.73 ± 2.79, respectively. VC, VD, and VD/VC were 3.29 ± 0.79 ms, 1.69 ± 0.58 
ms., and 0.52 ± 0.14. There was no difference between female and male values. 

Systolic blood pressure and diastolic blood pressure were not significantly 
correlated with VC, VD and VD/VC. Heart rate was not correlated with VC and 
VD, but significantly correlated with VD/VC (p = 0.032). 

https://doi.org/10.4236/health.2022.142019


T. Hano, Y. Koike 
 

 

DOI: 10.4236/health.2022.142019 249 Health 
 

Correlation coefficient between coefficient of variation of systolic blood pres-
sure, diastolic blood pressure and heart rate were not significantly correlated 
with VC and VD. On the other hand, there was a significant negative correlation 
between coefficient of variation of systolic blood pressure (p = 0.018), diastolic 
blood pressure (P < 0.001), and heart rate (p = 0.007) and ratio of VD/VC 
(Table 1, Figures 1-3). Value of VD was significantly correlated with value of 
VC (p = 0.008, Figure 4). 

 

Table 1. Correlationship between coefficient of variation of blood pressure and parameters of pupillary function test.  

 
Systolic BP 

CV of  
systolic BP 

Diastolic BP 
CV of  

diastolic BP 
Heart rate 

CV of  
heart rate 

Correlation coefficient R2 p-value R2 p-value R2 p-value R2 p-value R2 p-value R2 p-value 

Velocity of miosis (VC) 0.090 0.170 0.001 0.865 0.095 0.153 0.105 0.141 0.021 0.530 0.062 0.250 

Velocity of midriasis (VD) 0.001 0.893 0.165 0.054 0.013 0.609 0.161 0.065 0.146 0.087 0.073 0.198 

VD/VC 0.087 0.173 0.238 0.018* 0.019 0.527 0.428 0.001* 0.219 0.032* 0.300 0.007* 

VC: velocity of pupil contraction (miosis), VD: velocity of pupil dilation, mydriasis (VD), CV: coefficient of variance. Systolic BP: 
average of systolic blood pressure, Dyastolic BP: average of systolic blood presuure, Heart rate: average of heart rate. * means as 
significant value of p < 0.05.  
 

 
Figure 1. Relationship between VD/VC ratio and CV of systolic blood pres-
sure. VC: velocity of pupil contraction (miosis); VD: velocity of pupil dila-
tion, mydriasis (VD); CV: coefficient of variance.  

 

 
Figure 2. Relationship between VD/VC ratio and CV of diastolic blood 
pressure. VC: velocity of pupil contraction (miosis); VD: velocity of pupil 
dilation, mydriasis (VD); CV: coefficient of variance. 
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Figure 3. Relationship between VD/VC ratio and CV of heart rate. VC: ve-
locity of pupil contraction (miosis); VD: velocity of pupil dilation, mydriasis 
(VD); CV: coefficient of variance. 

 

 
Figure 4. Relationship between VC and VD. VC: velocity of pupil contrac-
tion (miosis), VD: velocity of pupil dilation, mydriasis (VD). 

4. Discussion 

Several reports have shown that the visit-to-visit variability of blood pressure is 
an independent risk factor for cardiovascular events. 

Rothwell PM showed that visit-to-visit systolic blood pressure variability and 
maximal SBP were strong predictors of stroke, independent of mean SBP, and 
increased residual variability of SBP in treated hypertensive patients was a risk of 
cardio-vascular events [1]. We found that blood pressure fluctuations from visit 
to visit helped prevent cardiovascular events and predict blood pressure fluctua-
tions, as they are associated with high blood pressure. Hata Y also reported that 
fluctuations in clinic blood pressure were risk factors for stroke [2]. 

The sympathetic nervous system is one of the useful factors that cause blood 
pressure fluctuations and may be involved in the visit-to-visit variability of blood 
pressure. 

Narkiewicz K showed that higher resting measurements of sympathetic traffic 
are associated with greater daytime blood pressure variability and a more marked 
nocturnal decline in blood pressure in normal subjects [3]. These findings sug-
gest that sympathetic neural mechanisms may contribute importantly to the 
regulation of blood pressure over the 24-hour period. Sundlöf G reported that 
the sympathetic outflow to skeletal muscles was important for buffering acute 
blood pressure changes but has little influence on the long-term blood pressure 
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level [8].  
Thus, it has been shown that sympathetic nerve hyperactivity in the acute 

phase affects short-term blood pressure fluctuations, but it is unclear whether it 
affects blood pressure visit-to-visit variability.  

Olga V showed no correlation was found between blood pressure response to 
cold pressure and hand-grip test and ambulatory blood pressure, daily blood 
pressure variability [9]. In addition, Floras JS showed that ambulatory blood 
pressure was lower during beta-blockade treatment, whereas pulse interval, its 
variability, and baroreceptor reflex sensitivity were higher [10]. Thus, conflict 
observations have been reported regarding the relationship between blood pres-
sure visit-to-visit variability and sympathetic nerve activity. 

In clinical studies, plasma catecholamines, sympathetic skin response, and 
heart rate variability have generally been used for the assessment of sympathetic 
nerve activity. However, blood sampling for measurement of plasma catechola-
mines can change the levels of catecholamines, and a time lag exists between the 
physical loading and elevation of plasma catecholamines. It is also difficult to 
measure sympathetic and parasympathetic function non-invasively at the same 
time. For this reason, it was difficult to evaluate the relationship between the vis-
it-to-visit variability of blood pressure and autonomic nerve function, but it is 
possible to evaluate sympathetic nerve and parasympathetic nerve function by 
pupil dilation and miosis speed by pupil function test. Pupillometry using light 
stimuli is a reproducible and non-invasive method for the assessment of auto-
nomic function [11] [12] [13]. Moreover, pupillometry can evaluate sympathetic 
and parasympathetic function separately in a short time [11] [12]. Consequently, 
we used pupillometry to evaluate autonomic activity in this study as reported 
previous reports. Several reports indicated that pupillary autonomic function 
assessed by dynamic pupillometry correlated with cardiac autonomic functions 
[14]. Autonomic impairment was detected in diabetes and neurological diseases 
[13] [15] [16] [17] [18]. 

Our previous study [6] [7] evaluated elevated blood pressure and sympathetic 
and parasympathetic function by handgrip testing using pupillometry. The 
handgrip loading test showed an increase of VD associated with an increase of 
VC. It was considered that the short-term increase in sympathetic nerve func-
tion was compensatory suppressed by the increase in parasympathetic nerve ac-
tivity. In the present study, value of VD was significantly correlated with value of 
VC. It was shown that resting sympathetic tone was generally synchronized with 
parasympathetic tone.  

The present study showed that systolic blood pressure, diastolic blood pres-
sure and pulse did not correlate with VD and VC. Systolic and diastolic blood 
pressure were not related with VD/VC ratio, but heart rate was negatively corre-
lated with VD/VC.  

These data showed clinic blood pressure did not associate with neither sym-
pathetic nor parasympathetic tone. On the other hand, heart rate was related 
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with relatively weak sympathetic tone compared with parasympathetic tone. 
In addition, the coefficient of variation of systolic, diastolic, and pulse did not 

correlate with either VD or VC alone. These data indicate that sympathetic and 
parasympathetic activity alone does not affect blood pressure fluctuations. On 
the other hand, coefficient of variation of systolic blood pressure, diastolic blood 
pressure and pulse rate showed a significant inverse correlation with the VD/VC 
ratio.  

Recent data showed that sympathetic/parasympathetic coactivation is causally 
linked to changes in heart rate (HR) dynamics [19].  

In conclusion, visit-to-visit variability of blood pressure and heart rate is aug-
mented by the impaired sympathetic and parasympathetic coactivation. Further-
more, VD/VC ratio can be a useful tool to detect blood pressure and heart rate 
variability. 
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