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1. INTRODUCTION

Cardiovascular Disease (CVD) is a major cause of morbidity 
and mortality globally. Age-related elevated blood pressure and  
metabolic-related biochemical markers including cholesterol, tri-
glyceride, and glucose, are considered important conventional risk 
factors of CVD risk [1–3]. But, these traditional risk factors only do 
not fully account for the development in CVD events [4]. In addition 
to well-established risk factors, mental health status and psycholog-
ical well-being has been also recognized as an important risk factor 
for CVD as well as behavioral concern about unhealthy diet, phys-
ical activity, and obesity [5,6]. Negative mental health may increase 
adrenal hormones, sympathetic nerve activity, and endothelial dys-
function, which all contributes to cardiovascular abnormality [7,8]. 
Prospective cohort studies have revealed that depression is likely to 
increase risk for the onset of CVD events [9,10]. Similarly, the status 
of general mental health, measured by self-reported screening, is 

also found to be a predictor of CVD [6,11]. Then, the relationship 
between psychological stress and normal functioning of the cardio-
vascular system seems to be have clinical and research interests.

A functional component of artery, large elastic artery stiffness 
such as the aorta and common carotid arteries, increases with 
advanced age [12]. Arterial stiffening leads to the loss of the  
ability to buffer and cushion oscillation in blood flow and blood 
pressure [13]. Increase in arterial stiffness contributes to eleva-
tions in systolic blood pressure, pulse pressure, left ventricular 
after load, and then is an independent risk factor for CVD [14]. 
Previous studies have demonstrated that arterial stiffness was 
associated with work-related stress in Japanese younger adults 
[15,16]. However, the impact of general mental health on arte-
rial stiffness in older populations remains unclear. The aim of this 
study was to investigate whether mental health is associated with 
arterial stiffness. Therefore, the present study examined the asso-
ciation between mental stress and Pulse Wave Velocity (PWV) in 
healthy middle-aged and older adults.

2. MATERIALS AND METHODS

2.1. Subjects

We recruited the healthy and over 50 years subjects through local 
newspaper advertisements. We excluded the subjects treated with 
treatment for hypertension, dyslipidemia, or diabetes, and hormone  
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A B S T R AC T
Background: Mental stress is a risk factor for cardiovascular disease. However, little is known about the impact of mental stress 
on arterial function in middle-aged and older adults.
Objective: This study is aimed to investigate the association between mental stress and arterial function in this population.
Methods: A total of 156 healthy middle-aged and older adults (aged 50–79 years) participated in this study. Mental stress was 
evaluated by the General Health Questionnaire (GHQ), and arterial stiffness was measured by the Carotid-femoral Pulse Wave 
Velocity (cfPWV).
Results: cfPWV was significantly correlated with the GHQ score, even after adjustment for age, sex, body mass index, 
and cholesterol, triglyceride, and glucose. Multiple regression analysis further indicated that GHQ score was a significantly 
independent determinant of cfPWV (p < 0.05).
Conclusion: GHQ is positively associated with arterial stiffness, independent of the potential confounding factors in healthy 
middle-aged and older adults.
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Table 1 | The characteristics of the study participants

Variables

Age (years) 62 ± 6
Height (cm) 159 ± 7
Weight (kg) 57 ± 9
Body mass index (kg/m2) 23 ± 3
Total cholesterol (mg/dL) 224 ± 35
Triglyceride (mg/dL) 98 ± 53
Glucose (mg/dL) 94 ± 10
Cortisol (µg/dL) 8 ± 3
GHQ score (points) 45 ± 16
Heart rate (bpm) 61 ± 7
Systolic blood pressure (mmHg) 125 ± 15
Diastolic blood pressure (mmHg) 75 ± 9
Mean arterial blood pressure 

(mmHg)
94 ± 12

cfPWV (cm/s) 925 ± 155

replacement therapy. There were 162 eligible subjects in total. Six 
subjects were canceled for personal reason. A total of 156 subjects 
(men: n = 32, women: n = 124) were participated in this study. All  
subjects were non-smokers and free of cardiovascular disease. 
All women were postmenopausal, amenorrhea for at least 1 year. 
All potential risks associated with the study were explained to the 
subjects, and written informed consent was provided by all partic-
ipants. All procedures were reviewed and approved by the Ethics 
Committee of the University of Tsukuba.

2.2. Study Procedures

All experiments were conducted in the morning after a 12-h over-
night fast. Subjects abstained from alcohol and caffeine for at least 
12 h and did not exercise for at least 24 h before the experiments. 
Measurements were performed in a quiet, temperature-controlled 
room (at 24–26°C). We assessed the arterial stiffness, mental stress, 
and blood chemistries.

2.3. Measurements

2.3.1. Arterial stiffness

Carotid-femoral PWV (cfPWV) was measured as arterial stiff-
ness by a semi-automated vascular access system, as previously 
described [17]. Briefly, carotid and femoral pressure waveforms 
were obtained by two applanation tomometry sensors incorpo-
rating an array of 15 transducers (Form PWV/ABI, Colin medi-
cal Technology, Komaki, Japan). The distance between the left 
common carotid and left femoral arterial recording sites was 
divided by the transit time resulting in the calculation of cfPWV. 
Simultaneously, brachial systolic blood pressure and diastolic blood 
pressure, and heart rate were assessed by an electrocardiogram and 
an oscillometric extremity cuff.

2.3.2. Mental stress

Mental stress was assessed by self-reported survey, 60 item General 
Health Questionnaire (GHQ) [18]. This is suitable for the screen-
ing of psychological well-being, including psychological distress, 
depression, anxiety, and social impairment, and so on [19]. Each 
symptom was rated on Likert scale of frequency from 1 to 5, to 
maximize the response variability. Higher scores indicated higher 
levels of psychological distress.

2.3.3. Blood chemistries

Blood samples were collected from the antecubital vein after 
overnight fasting. Plasma and serum were collected and stored at 
−80°C, until the assay was performed. Serum cortisol concentra-
tion was determined using the chemiluminescence immunoassay 
method, serum total cholesterol, triglyceride, and plasma glu-
cose were determined using the standard enzymatic technique, 
all by a commercial laboratory (LSI Medience Corporation Ltd., 
Tokyo, Japan).

2.4. Statistical Analyses

All data characteristics are expressed as means ± Standard 
Deviation (SD). Spearman’s rank correlation coefficient was 
used to determine the association between cfPWV and partial 
correlation analyses adjusted for age, sex, and biochemistries, 
which showed significant association with cfPWV in the simple 
correlation analysis, for example triglyceride, glucose and corti-
sol. Multiple regression analysis was performed to determine the 
independent correlation between cfPWV and variables, and those 
covariates were entered as dependent variables in the subsequent 
multiple linear regression analysis. Statistical data analyses were 
performed using the SPSS software (Version 24; IBM, Armonk, 
NY, USA), and statistical significance was set a priori at p < 0.05  
a priori, for all comparisons.

3. RESULTS

The characteristics of the participants are presented in Table 1. 
Table 2 illustrates the simple correlation of cfPWV with cardio-
vascular risk factors and mental stress variables. cfPWV was sig-
nificantly correlated with age, sex, triglycerides, glucose, cortisol, 
and the GHQ score (ρ = 0.340, 0.320, 0.192, 0.314, 0.215 and 0.163, 
respectively, all p < 0.05). The significant correlation between 
cfPWV and the GHQ score was evident after adjustment for age, 

Table 2 | The correlation coefficients of carotid-femoral pulse wave 
velocity with cardiovascular risk factor parameters and mental stress

Variables
Correlation to cfPWV

Coefficient r p

Age (years) 0.340 <0.001
Sex 0.320 <0.001
Body mass index (kg/m2) 0.027 0.747
Total cholesterol (mg/dL) 0.140 0.092
Triglyceride (mg/dL) 0.192 <0.05
Glucose (mg/dL) 0.314 <0.001
Cortisol (µg/dL) 0.215 <0.05
GHQ score (points) 0.163 <0.05

r: Spearman’s rank correlation coefficient.
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Table 3 | Multiple regressions on arterial stiffness

Variables B SEB β r p
95% CI

Lower Upper

R2 = 0.559 (p < 0.001)
Age 7.073 1.549 0.285 0.354 <0.001* 4.011 10.135
Sex −63.167 24.517 −0.164 0.285 0.011* −111.643 −14.690
Body mass index −4.399 3.437 −0.083 0.036 0.203 −11.196 2.397
MAP 6.703 0.785 0.525 0.594 <0.001* 5.152 8.255
Total cholesterol 0.167 0.282 0.037 0.129 0.554 −0.390 0.725
Triglyceride 0.323 0.181 0.114 0.232 0.077 −0.035 0.681
Glucose 0.971 0.934 0.065 0.299 0.301 −0.876 2.817
Cortisol 4.968 3.672 0.087 0.245 0.178 −2.293 12.228
GHQ score 1.772 0.555 0.189 0.164 0.002* 0.674 2.871
*indicates significance independent correlation. MAP, mean arterial blood pressure; CI, confidence interval.

sex, body mass index, cholesterol, triglyceride, glucose, and cor-
tisol (ρ = 0.257, p < 0.05); Table 3 shows the results of a multiple 
linear regression analysis for the association between cfPWV and 
independent variables including age, sex, body mass index, blood 
pressure, biochemistries, and mental stress. In addition to age, sex, 
and mean arterial blood pressure, the GHQ score was evidenced 
significantly as an independent determinant of cfPWV (β = 0.189, 
p < 0.05), but not for cortisol (β = 0.087, p = 0.178). 

4. DISCUSSION

This study showed a significant relationship between GHQ and 
cfPWV in healthy middle-aged and older Japanese individual. 
Multiple regression analysis demonstrated that age, sex, blood 
pressure, and the GHQ score were independently correlated with 
cfPWV. The results of the present analysis demonstrated that 
general mental health, in addition to traditional risk factors for 
CVD may mediate increase in arterial stiffness, which suggest 
that mental health-related increase in arterial stiffness involves in 
the development risk for CVD. Moreover, the GHQ score may be 
considered as predictor of pathophysiological deterioration of the 
future cardiovascular dysfunction [20].

Psychological distress contributes to development of hypertension 
and CVD. In addition, it has been demonstrated in an interventional 
study that acute mental stress increased arterial stiffness [21,22]. 
Researchers mainly reported that occupational and work-related 
stress, evaluated by the Job Content Questionnaire was inversely 
correlated with PWV in Japanese young adults [23]. However, 
Otsuka et al. [15] have demonstrated that work-related stress evalu-
ated by the Brief Job Stress Questionnaire was positively correlated 
with wave reflection, as another index of arterial stiffness in young 
and middle-aged workers. The relationship between occupational 
stress and arterial stiffness may be in part affected by study subject 
and/or stress measurements. In this study, we firstly investigated 
the association between cfPWV and mental stress using the GHQ 
in healthy middle-aged and older adults, and found that cfPWV 
was also positively correlated with the GHQ score. General mental 
health status in habitual life may associated with the development 
of arterial stiffness in middle-aged and older adults.

The incident of CVD is generally attributed to the various fac-
tors, such as hypertension, biochemical and metabolic abnor-
malities, and smoking [24]. Psychological mental stress was also 

founded to be associated with increased risk of CVD [25]. More 
specifically, work-related mental stress was correlated with CVD, 
even in young and middle-aged populations [26]. The associa-
tion between mental stress and CVD risk could be explained by 
stress-induced augmentation in increase in blood pressure in 
patients with myocardial infarction or abnormal lipid and glucose 
metabolism [27,28]. Otsuka et al. [15] have reported that deterio-
ration of mental stress by work-related stress was correlated with 
arterial stiffness in middle-aged Japanese individual. We extended 
these observations to arterial stiffness in the healthy middle-aged 
older population who has retired from their job, and found that 
psychological stress assessed by the GHQ score was correlated 
with cfPWV. Furthermore, in this study, the significant correla-
tion was evident after adjustment for age, sex and traditional risk 
factors for CVD, such as blood pressure, cholesterol, triglycerides, 
and glucose. Therefore, for healthy middle-aged and older adults, 
who have no hypertension, no lipid and glucose abnormalities, 
and are non-smokers, it is preferable to manage the mental health 
status rather than blood chemistries to preventing increase in  
arterial stiffness.

Physiological response to stressors induces the activation of the 
hypothalamic-pituitary-adrenal system and cortisol secreted from 
adrenal cortex, which is known as stress hormones. Cortisol is 
considered to be a potential mediator link between mental stress 
and CVD [29]. It has been reported that cortisol has detrimental 
effect on vascular tone, development, remodeling, and inflam-
mation [30]. In addition, cortisol was involved in acute mental 
stress-induced endothelial dysfunction [31]. A cross-sectional 
study reported circulating level of cortisol was correlated with  
arterial stiffness measured by brachial-ankle PWV in young 
Japanese adults [32]. In this study, serum cortisol concentration 
and mental stress measured by the GHQ score were correlated 
with cfPWV. Moreover, the GHQ score was also significantly cor-
related with cfPWV after adjustment for confounders, whereas the 
correlation between serum cortisol concentration and cfPWV did 
not reach statistical significance. It is possible that self-reported 
habitual mental stress and cortisol response to stress independently 
affect arterial stiffness, evaluation of subjectively measurement of 
mental health are also more important for arterial deterioration in 
healthy individuals.

The present study has some limitations. First, the sample size 
was relatively small. We only recruited only healthy middle-aged 
and older adults aged over 50, because we tried to exclude other 
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confounders such as hypertension, smoking, and metabolic 
syndrome. Second, the subjects in this study comprised mainly 
women. We observed the sex differences in cfPWV and the cor-
relation between sex and cfPWV (Table 2). On the other hand, 
there was no significant differences in GHQ score between sexes. 
Additionally, the association between cfPWV and GHQ were 
significance after adjustment for sex and other confounders. 
However, the investigation on sex differences in the association 
between arterial stiffness and mental stress are necessary in the 
future. Third, this was a cross-sectional study that cannot estab-
lish a cause–effect relationship, though the results of the mul-
tivariate analyses indicate a statistically significant association 
between mental stress and arterial stiffness. Further prospective 
studies are warranted to determine whether the observed findings 
are clinically meaningful.

5. CONCLUSION

The primary finding of this study is that GHQ score is significantly 
associated with arterial stiffness, independent of the potential con-
founders such as age, sex, blood pressure, cholesterol, triglycer-
ide, glucose, and cortisol. These results suggest that mental stress 
assessed by the GHQ may be a useful to subjective predictor of 
the risk of increase in arterial stiffness in healthy middle-aged and 
older adults.
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