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Purpose: Many epidemiological research studies have shown that vital exhaustion and 

psychosocial factors are associated with the occurrence of cerebrocardiovascular disease 

(CCVD). Fatigue is thought to induce endothelial dysfunction and may be linked to the 

occurrence of CCVD; however, no studies have investigated this potential link. We studied to 

determine the effect of fatigue on endothelial function in healthy subjects with no traditional 

CCVD risk factors or potential confounding factors to be controlled.

Subjects and methods: Peripheral arterial tonometry (PAT) was used to evaluate endothe-

lial function. The influence of the following parameters on endothelial function was analyzed 

in 74 office workers without traditional CCVD risk factors at health check-ups: endothelial 

function before and after work, subjective fatigue, lifestyle factors such as sleeping time, and 

psychosocial factors such as depression and social support.

Results: Twenty-five subjects (33.8%) had low endothelial function; reactive hyperemia  

(RH)-PAT index 1.67, even though no abnormalities were reported in the health check-ups. There 

was no significant difference in endothelial function before versus after labor. Of note, endothelial 

function was associated with the individual’s level of subjective fatigue (t = 2.98, P = 0.008) and 

showed a daily fluctuation, sometimes to a pathological degree (1.67).

Conclusion: We showed that, even in healthy people, endothelial function fluctuates diurnally, 

with an interaction between the individual’s cognitive fatigue and the environment, sometimes 

to a pathological degree. Based on these findings, we suggest that endothelial function is an 

objective assessment tool of fatigue in healthy individuals.

Keywords: cerebrocardiovascular disease, endothelial dysfunction, subjective fatigue,  

flow-mediated dilatation, health education, reactive hyperemia peripheral arterial tonometry

Introduction
A link between increased risk of burnout or vital exhaustion and cardiovascular disease 

has been revealed.1,2 Furthermore, long-term fatigue or vital exhaustion was reported to 

be associated with cerebrocardiovascular disease (CCVD) such as cerebral infarction 

and sudden cardiac events in several epidemiological studies.3,4 In addition to vital 

exhaustion, psychosocial factors such as depression, anxiety and social support are 

associated with CCVD.5–7 Fatigue is thought to induce endothelial dysfunction and to 

be linked to the occurrence of CCVD. However, to our knowledge, no studies have 

investigated this potential link.

Endothelial dysfunction has been reported to increase the risk of CCVD.8–10 Endothelial 

cells maintain a relaxed vascular tone, achieved in part by releasing mediators such as 

nitric oxide.11 Endothelial cells also modulate biological processes related to the walls 

of the blood vessels, such as the regulation of prothrombotic and antithrombotic factors, 
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Fatigue is generally considered to be one of the most 

important feelings in daily life because it is closely related to 

quality of life and well-being. However, fatigue is a complex 

phenomenon that involves a number of physical, psychosocial, 

and behavioral processes associated with multidimensional 

concepts.22,23 The perception of fatigue can differ between 

people and, even within one person, the meaning of fatigue can 

change.24 Many tools have been developed to measure fatigue 

in nonclinical and medical settings, but it is difficult to define 

fatigue and there is no gold-standard method to assess fatigue.25 

Thus, in terms of CCVD onset, the development of an objective 

measure of fatigue is an important focus of research.

In this report, we analyzed endothelial function in 

healthy subjects without classical risk factors for CCVD, and 

evaluated the potential for endothelial function to be used as 

an objective measurement of fatigue in healthy people.

Material and methods
Study design and subjects
Four hundred and eleven subjects were recruited from 

the entire employee population of Kagoshima Seikyo 

General Hospital (Figure 1). All participants were aged at 

and play a critical role in vascular homeostasis.12,13 Therefore, 

endothelial function is considered to be one of a marker for 

vascular health condition8,18 Factors known to affect endothelial 

function are diverse and range from traditional cardiac risk 

factors such as age, sex, hypertension, insulin-resistance and 

high cholesterol and lifestyle factors, to novel risk factors such 

as air pollution.14–16 Nevertheless, in addition to the many risk 

factors described above, the presence of hitherto unknown 

factors cannot be ignored.8

With increased understanding of the numerous roles of the 

endothelium, several novel techniques have been proposed to 

evaluate endothelial cell function. The assessment of endo-

thelial function in coronary arteries is clinically significant as 

a predictor of future cardiovascular events.17 In recent years, 

noninvasive methods have been developed for screening large 

populations.14 The measurement of flow-mediated dilatation 

(FMD) is noninvasive and reflects endothelium-dependent 

vasodilation.18 Peripheral arterial tonometry (PAT), which 

was applied for the same concept as FMD, does not require 

skilled operators to perform this test.19–21 PAT analysis is 

conducted using a computerized automated algorithm and 

there is no inter-observer variability.

First step (n = 74)

Abnormal endothelial 
function (PAT < 1.67, n = 25)

Dropout (n = 6) 

Comparison

Second step (n = 19)

2nd examination of endothelial function 
in the morning: before work 

3rd examination of endothelial function 
in the afternoon: after work 

1st  examination of endothelial function 
in the afternoon: after work

Entire employee population (n = 411)

Recruited subjects: Age, 20–59 (n = 98) 
With cerebro-
cardiovascular
disease risk factors 
(n = 24)

Normal endothelial 
function (PAT ¥ 1.67, n = 49) 

Exclusion

Figure 1 Study protocol.
Abbreviations: PAT, peripheral arterial tonometry; n, number.
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Table 1 Characteristics of the subjects

 Mean ± SD Male Female

n 74 27 47

Age (years) 38.3 ± 9.54 39.7 ± 8.93 37.5 ± 9.86

RH-PAT index 1.95 ± 0.47 1.84 ± 0.43 2.02 ± 0.49

Systolic blood pressure* (mmHg) 113.7 ± 14.16 121.3 ± 12.40 109.3 ± 13.82

Diastolic blood pressure* (mmHg) 68.0 ± 11.43 74.3 ± 10.17 64.3 ± 10.56

Pulse pressure (mmHg) 45.7 ± 7.98 47.4 ± 8.49 45.1 ± 7.40

Heart rate (beat/min) 62.2 ± 9.43 62.4 ± 12.12 62.4 ± 7.85

Body mass index* (kg/m2) 21.7 ± 3.40 23.0 ± 3.68 21.0 ± 3.02

Smoking* (Yes/No) 20/54 13/14 7/40

Habitual drinking* (Yes/No) 9/65 9/18 0/47

Habitual exercise (Yes/No) 18/56 6/21 12/35

Habitual sleeping; 7–8 hrs (Yes/No) 44/30 18/9 26/21

Habitual daily breakfast (Yes/No) 63/11 24/3 39/8

Habitual eating between meals* (Yes/No) 45/29 12/15 33/14

Notes: Data are presented as means ± standard deviation or number. *P  0.05 vs Male group.
Abbreviations: RH-PAT, reactive hyperemia peripheral arterial tonometry; n, number.

least 20 years. Health check-up data were collected from 

411 subjects to select subjects who were judged to have nor-

mal health status. We excluded individuals with potentially 

confounding health conditions, including pregnancy, breast 

feeding, currently taking lipid-lowering medication, history 

of severe conditions (eg, chronic fatigue syndrome, coronary 

artery disease, cerebrovascular disease, heart failure, diabetes, 

renal impairment, uncontrolled hypertension), untreated or 

clinically evident thyroid disease, anemia, dietary deficien-

cies, valvular heart disease, adrenal conditions, and individu-

als on medications. From these subjects, further analysis was 

conducted on 74 subjects from whom informed consent was 

obtained for the additional procedures. These 74 subjects 

were instructed not to change their lifestyle, including routine 

diet, exercise or weight management, and working or rest 

habits while enrolled in the study. The characteristics of the 

74 subjects are shown in Table 1. Twenty-seven males (aged 

23–59 years) and 47 females (aged 24–59 years) completed all 

evaluations. Overall, data for six factors (Table 2), including 

blood examination, were collected for each subject. The study 

was approved by Kagoshima Seikyo General Hospital Institu-

tional Review Board (serial No.10) in 2007 and was conducted 

according to the principles of the Declaration of Helsinki. All 

participants provided written informed consent.

First step
Endothelial function was assessed by PAT; this value is 

referred to as the first measurement of endothelial function 

(Figure 1). All of the examinations were conducted while 

the subjects rested in the supine position, in a quiet, dim, 

and temperature- and humidity-controlled room (22 ± 2 °C, 

40%–60%). Brachial-ankle pulse wave velocity (ba-PWV) 

and ankle-brachial index (ABI) were assessed using a 

volume-plethysmograph (Form/ABI; Colin, Co Ltd, Aichi, 

Japan). Fatigue, psychosocial factors and lifestyle were 

assessed by questionnaire. Lifestyle factors were assessed 

using Breslow’s seven health habits questionnaire, which 

covered smoking, drinking, exercise, sleeping of 7–8 hours 

per day, daily breakfast and eating between meals.26

Second step
A PAT index value 1.67, which indicates low endothelial 

function, was observed in 25 subjects. Subjects with abnor-

mal results in the first examination after their daily work 

underwent a second examination. Re-evaluation of the endo-

thelial function was conducted in 19 of these 25 subjects (six 

subjects dropped out). In these 19 subjects, PAT (second and 

third assessments of endothelial function), ba-PWV and ABI 

were assessed twice a day; before work in the morning and 

after work in the afternoon (Figure 1).

The PAT system
Endothelial function was measured noninvasively by PAT 

(Endo-PAT2000; Itamar Medical Ltd, Caesarea, Israel) 

using a finger plethysmographic device, which enables 

isolated detection of changes in pulsatile arterial volume. 
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Table 2 Comparison of characteristics between normal and low response of endothelial function

  Normal response  
group (RH  1.67)

Low response  
group (RH  1.67)

P value 

n 49 25

Female subjects 36 (72.0%) 14 (53.8%) 0.073 NS

Postmenopausal subjects 2 (4.1%) 2 (8.0%) 0.481 NS

Age (years) 38.7 ± 9.8 39.8 ± 9.9 0.648 NS

Body mass index (kg/m2) 21.4 ± 3.3 22.4 ± 3.6 0.100 NS

Family history of CCVD 4 (8.2%) 3 (12.0%) 0.460 NS

Lifestyle

  Smoking 11 (22.4%) 9 (36.0%) 0.218 NS

  Habitual drinking 5 (10.2%) 4 (16.4%) 0.476 NS

  Habitual exercise 13 (26.5%) 5 (20.0%) 0.538 NS

  Habitual sleeping; 7-8 hours 30 (61.2%) 14 (56.0%) 0.667 NS

  Habitual daily breakfast 44 (89.8%) 19 (76.0%) 0.117 NS

  Habitual eating between meals 32 (65.3%) 13 (52.0%) 0.271 NS

Psychosocial factors

  Self-rating depression scale 44.3 ± 7.9 44.0 ± 10.6 0.929 NS

  State-trait anxiety inventory 50.4 ± 10.4 50.2 ± 11.2 0.951 NS

  Self-esteem scale 5.1 ± 2.4 5.6 ± 2.9 0.495 NS

  Self-repression scale 11.1 ± 3.6 9.8 ± 3.2 0.201 NS

  Emotional social-support

    support from family 7.1 ± 3.6 7.5 ± 3.2 0.670 NS

    support from friends 7.1 ± 3.3 7.2 ± 3.5 0.855 NS

Blood Examination

  Leukocyte (n/mm3) 6317.7 ± 1180.2 6660.7 ± 1773.0 0.482 NS

  Erythrocyte (n × 104/mm3) 478.5 ± 31.2 463.4 ± 40.6 0.133 NS

  Hematocrit (%) 45.0 ± 3.2 41.9 ± 8.3 0.146 NS

  Platelet (n × 104/mm3) 23.4 ± 5.7 24.5 ± 4.9 0.516 NS

  Post-prandial plasma glucose (mg/dl) 101.4 ± 22.4 103.1 ± 14.1 0.815 NS

  Hemoglobin A1c (%) 5.1 ± 0.3 5.0 ± 0.5 0.198 NS

  Serum level of biliary enzymes (IU/l)

    Alkali Phosphatase 216.6 ± 53.6 216.1 ± 58.6 0.976 NS

    γ Guanosine triphosphate 32.9 ± 29.6 30.3 ± 28.9 0.738 NS

    Glutomic oxaloacetic transaminase 21.3 ± 6.3 20.4 ± 6.6 0.623 NS

    Glutamate pyruvate transaminase 21.8 ± 14.0 21.0 ± 14.0 0.837 NS

  Serum creatinine (mg/dl) 0.77 ± 0.2 0.76 ± 0.2 0.862 NS

  Uric acid (mg/dl) 5.4 ± 1.4 4.9 ± 1.2 0.211 NS

  HDL cholesterol (mg/dl) 62.1 ± 13.2 67.8 ± 17.3 0.181 NS

  LDL cholesterol (mg/dl) 113.4 ± 25.4 113.7 ± 27.4 0.969 NS

  Triglyceride (mg/dl) 104.2 ± 56.6 97.7 ± 61.2 0.680 NS

Blood dynamics

  Systolic blood pressure (mmHg) 115.2 ± 10.7 113.9 ± 15.9 0.711 NS

  Diastolic blood pressure (mmHg) 69.2 ± 10.6 68.0 ± 12.1 0.667 NS

  Right ba-PWV (cm/sec) 1228.5 ± 184.0 1183.8 ± 182.7 0.317 NS

  Leftt ba-PWV (cm/sec) 1232.1 ± 159.9 1201.2 ± 176.5 0.458 NS

  Right Ankle-brachial Index 1.07 ± 0.1 1.10 ± 0.1 0.385 NS

(Continued)
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Table 2 (Continued)

  Normal response  
group (RH  1.67)

Low response  
group (RH  1.67)

P value 

  Left ankle-brachial Index 1.09 ± 0.1 1.11 ± 0.9 0.317 NS

  Pulse pressure (mmHg) 46.0 ± 6.3 45.9 ± 8.6 0.966 NS

  Heart rate (n/min) 64.1 ± 11.7 61.6 ± 8.1 0.273 NS

Notes: Data are presented as means ± standard deviation or number. *P  0.05 vs Low response group.
Abbreviations: RH-PAT, reactive hyperemia peripheral arterial tonometry; n, number; HDL, high-dsensity lipoproteinc; LDL, low-density lipoprotein; ba-PWV, brachial ankle 
pulse wave velocity; CCVD, cerebro-cardiovascular disease including hypertension.

The device consists of two finger-mounted cuffs, which 

comprise inflatable Neoprene air-cushions within a rigid 

external case. The PAT data were analyzed by a computer in 

an operator-independent manner. The reproducibility of the 

PAT measurements were verified using previously reported 

statistical procedures.21 PAT is also configured to unload 

arterial wall tension and increase the range of arterial wall 

motion without inducing potentially confounding vasomotor 

changes. A value of 1.67 is considered to indicate endo-

thelial dysfunction, as determined in a population at risk 

for ischemic heart disease.20,28 Therefore, in this study, we 

allocated subjects with an PAT index value of 1.67 to a 

low-response group, and those with index values of 1.67 

to the normal-response group. In accordance with a study by 

Bland and Altman, the parameters of endothelial function 

showed repeatability within two standard deviations (SD) 

and are reproducible.29

Assessment of fatigue  
and psychosocial factors
We used the following four methods to assess fatigue and 

psychosocial factors. a) To evaluate the individual’s level 

of the relative subjective fatigue, we asked the subject to 

compare their subjective fatigue twice a day at the second and 

third measurements of endothelial function. The individual’s 

level of subjective fatigue was subjectively classified into 

two groups according to the subjects’ own judgments: less 

fatigue and more fatigue. The relative level of subjective 

fatigue was evaluated without informing the subjects of their 

PAT values. b) Evaluation of the strength of conventionally 

quantified fatigue: The Ministry of Health in Japan, Labor 

and Welfare’s accumulated fatigue checklist (AFC)30 was 

administered at the second measurement of endothelial 

function to evaluate the strength of quantified fatigue. The 

AFC was evaluated without informing the subjects of their 

PAT values. c) Evaluation of sleeping duration: The sub-

jects were asked to report their duration of sleeping on the 

day prior to the study day. d) Evaluation of psychosocial 

factors: Psychosocial factors were evaluated by the 20-item 

Self-Rated Depression Scale,31 the 10-item Self-Esteem 

Scale,32 the 20-item State-Trait Anxiety Inventory,33 the  

10-item Self-Repression Scale and the Emotional Social 

Support Scale (10 items for support from the family and  

10 items for support from friends/others).34

Statistical analyses
Data are presented as mean values and SD, or frequency 

and percent. Categorical data were evaluated using the 

Chi-squared test. The Kruskal–Wallis and Wilcoxon–

Mann–Whitney tests were used to compare proportions 

among groups. For parametric data with normal distribu-

tion, Student’s t-tests for paired or unpaired observations 

were used as appropriate. Associations between factors 

were tested by standard linear regression. Statistical 

significance was set at a P-value of 0.05. All statistical 

analyses were conducted with SPSS software (v. 11.5 for 

Windows; SPSS Japan Inc., Tokyo, Japan).

Results
Distribution of endothelial function
Of 411 subjects originally identified, a total of 74 subjects 

were considered eligible based on their health check-ups and 

completed the evaluations. No disease was observed in any of 

the subjects. The average reactive hyperemia (RH)-PAT index 

value of these subjects was 1.95 ± 0.47. Forty-nine subjects 

had an RH-PAT index value of 1.67, and 25 subjects had an 

RH-PAT index value of 1.67. Accordingly, one-third of the 

subjects had RH-PAT values indicating endothelial dysfunc-

tion. No difference in RH-PAT index values was observed by 

sex (Figure 2A) or by age (Figure 2B).

The subjects with normal endothelial function were com-

pared with those with endothelial dysfunction in terms of 

the following parameters: potential onset of risk factors, age, 

body mass index, blood markers, psychosocial assessment, 

lifestyle and vascular dynamics. None of these cardiovascular 

risk factors differed significantly between the two groups of 
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subjects (Table 2). Next, we measured endothelial function 

twice-daily in 19 of 25 subjects with an RH-PAT of 1.67. 

When comparing endothelial function after the second and 

third examinations, 15.8% of the subjects had RH-PAT index 

values above the standard value of 1.67 after both examina-

tions, 26.3% of the subjects had values of 1.67 at both 

examinations, and 57.8% had values of 1.67 at least once. 

Seven of 74 subjects had familial histories of cerebro-car-

diovascular disease including hypertension. There were no 

significant differences between these three groups in terms 

of risk factors for cardiovascular events.

Association between relative  
fatigue and endothelial function
There was non-significant change in the RH-PAT index when 

comparing the values before and after work in 19 subjects 

(Figure 3A; t = –1.13, P = 0.275). Similarly, there was no 

relationship between endothelial function and quantified 

fatigue (AFC value). However, the endothelial function values 

fluctuated significantly, along with subjective fatigue, at dif-

ferent times of the day (Figure 3B). The mean RH-PAT index 

value was 1.86 ± 0.47 in subjects reporting low subjective 

fatigue and 1.54 ± 0.23 in subjects reporting greater subjec-

tive fatigue (t = 2.54, P = 0.008), corresponding to a decrease 

of –34.6% (Figure 3B). In other words, subjects with greater 

subjective fatigue showed a significantly lower endothelial 

function response. The reasons for subjective fatigue included 

domestic duties (n = 5), being out of shape (n = 5), a reason 

other than work itself (n = 7), or no reason (n = 2).

On the other and, there was a nonsignificant change in 

ba-PWV between the morning and the afternoon (t = 1.04, 

P = 0.178). Furthermore, there was no association between 

endothelial function and duration of sleeping (data not shown). 

Moreover, endothelial function was not associated with 

AFC or psychosocial factors. However, associations were 

found among factors that potentially affect fatigue. There 

were negative correlations between AFC and Emotional 

Social-Support from Friends (ρ = –053, P = 0.041), between 

the Self-Esteem Scale and State-Trait Anxiety Inventory 

(ρ = –0.58, P = 0.002), between the Self-Esteem Scale and 

the Self-Repression Scale (ρ = –0.73, P = 0.002), and between 

the Self-Esteem Scale and the Self-Rated Depression scale 

(ρ = –0.60, P = 0.018) (Table 3).

Discussion
Nontraditional risk factors  
of endothelial dysfunction
Endothelial dysfunction is considered to be involved in the 

pathway between the development of atherosclerosis and the 

development of ischemic disease.18 Endothelial dysfunction 

progresses with increases in risk factors for ischemic heart 

disease, such as advanced age, smoking, physical inactivity, 

diabetes, dyslipidemia and hypertension.16,35,36 These risk fac-

tors exert a marked influence on endothelial cells over time 

and contribute to systemic manifestation such as CCVD and 

Sudden Cardiac Death.37

Conversely, several studies have reported that psychoso-

cial factors affect CCVD,5–7 other than the above-mentioned 
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Figure 2 The distribution of endothelial function in 74 subjects considered to have normal health status in health check-ups. The open dots indicate RH-PAT index values 
of 1.67 and black dots indicate RH-PAT index values of 1.67. An index value of 1.67 was considered to indicate endothelial dysfunction (low response). Overall, 33.8% 
(25/74) of the healthy subjects had endothelial dysfunction. There were no significant differences nor correlation in RH-PAT index values between sexes A or age groups B.
Abbreviations: ns, not significant; RH-PAT, reactive hyperemia peripheral arterial tonometry.
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traditional ischemic risk factors.8 Some FMD studies have 

revealed that there is no difference in the prevalence of 

these risk factors in subjects with normal endothelial func-

tion values versus subjects with endothelial dysfunction.8 In 

this study, one-third of the healthy subjects had PAT values 

of 1.67, indicating low-response endothelial dysfunction, 

which means that endothelial function is sometimes abnormal 

in healthy people. Furthermore, we showed that endothelial 

function fluctuates diurnally, with an interaction between the 

individual’s cognitive fatigue and the individual’s environ-

ment (Figure 4). Here, we found no diurnal variations in the 

pulse wave velocity. This was because we excluded patients 

with hypertension, and all of the subjects included in our 

study had stable blood pressure. Thus, we consider that endo-

thelial function is more likely to reflect diurnal variations than 

pulse wave velocity. Although the ba-PWV reflects arterial 

stiffness and ABI reflects the occlusion of lower extremity 

arteries, both were within their normal ranges in this study. 
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Figure 3 A) Effect of work on RH-PAT and endothelial function. For 19 subjects with a low response at the initial measurement (RH-PAT index values 1.67), endothelial 
function was examined twice a day, before and after work. However, there was no difference in endothelial function before versus after work. **P  0.01 vs before work. 
B) Effect of subjective fatigue on endothelial function. RH-PAT values in individuals with an initial low response were classified into subjects who reported more fatigue and 
subjects who reported less fatigue. Subjective fatigue had a significant effect on endothelial function. **P  0.01 vs less fatigue.
Abbreviations: RH-PAT, reactive hyperemia peripheral arterial tonometry; ns, not significant.

Table 3 Correlations among endothelial function and fatigue related examination subscales

 2 3 4 5 6 7 8 9 10

  1. 2nd endothelial function 0.114 0.321 -0.109 0.431 0.043 -0.400 0.269 -0.430 -0.428

  2. 3rd endothelial function 0.155 0.252 0.041 -0.346 0.146 -0.116 0.281 0.015

  3. AFC (accumulated fatigue checklist) -0.091 0.345 0.390 -0.363 0.219 -0.179 -0.533*

  4. �Sleeping hrs (previous day of 2nd  
examination)

0.187 -0.022 0.062 0.195 0.024 0.234

  5. Self-rating depression scale 0.480 -0.599* 0.565* -0.404 -0.270

  6. State-trait anxiety inventory 0.579* 0.771** -0.155 -0.046

  7. Self esteem scale -0.734** 0.490 0.254

  8. Self repression scale 0.181 -0.117

  9. Emotional social-support from family 0.519*

10. �Emotional social support from friends

Notes: Coefficients (ρ) are shown. n = 19. *Significant at P  0.05, **Significant at P  0.01.
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interaction

Diversity of
Endothelial Function

Aging

Smoking

Diabetes
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Dyslipidemia

Physical Inactivity

Infection/Inflammation

Homocysteine

Menopause

Subjective Fatigue

Environmental and Social Factors
Stressor such as occupational exposure, lack of social supports,etc

The Individual Health Status
Physical      Mental     Spiritual

Sensor

Sensor

Figure 4 Endothelial function as a sensor of subjective fatigue. The health status of the individual is influenced by interactions between environmental and social factors such as 
occupational exposure and lack of social support. Subjective fatigue represents an integrated expression of an individual’s physical, mental and spiritual condition. Endothelial func-
tion is influenced by subjective fatigue, which is a potential risk factor for endothelial dysfunction, independently of traditional cerebro-cardiovascular disease risk factors.
Abbreviation: PAT, peripheral arterial tonometry.

This was considered to be due to the exclusion of individuals 

with traditional risk factors in this study.

Fatigue and endothelial dysfunction
Based on the epidemiological evidence that vital exhaustion 

and/or mental stress are associated with CCVD,1–4 the physi-

ological processes of fatigue must affect vascular function. 

However, the mechanisms by which the vascular function 

of healthy subjects is influenced by changes in subjective 

fatigue or accumulated fatigue processes are still unclear. 

The results of this study are important in verifying one of 

these processes, namely that the strength of fatigue within 

one person is significantly associated with vascular func-

tion and could be considered as a risk factor for vascular 

dysfunction.

This study has shown that subjective fatigue is 

significantly associated with endothelial function (Figure 3). 

Endothelial function measured by PAT did not vary accord-

ing to daily work, but rather to the level of subjective fatigue.  

As vascular function is not only affected by cardiac func-

tion but also by the autonomic nervous system and the 

endocrine system, non-traditional risk factors, other than 

the recognized traditional risk factors represented by arte-

riosclerosis risk factors, are predicted to exist. In this study, 

we focused on one of the nontraditional risk factors, fatigue. 

It is worth noting that endothelial function varied sig-

nificantly according to self-evaluated strength of fatigue. 

Furthermore, we also found that endothelial function is 

not only associated with risk factors for ischemic disease, 

but also fluctuated diurnally in healthy subjects. This 

might represent a total body reaction to the psychosocial 

interaction between the individual and the environment 

(Figure 4). Nevertheless, associations between fatigue 

and psychosocial factors such as depression, self esteem 

and anxiety have been reported24 and similar results were 

observed in this study (Table 3). Our observations sug-

gest that endothelial dysfunction may be a risk factor for 

CCVD, even in healthy people.
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Evaluation of fatigue
Fatigue is commonly defined as a pervasive sense of tired-

ness or a lack of energy that is not exclusively attributable 

to exertion.38 However, a unified definition remains elusive, 

partly because fatigue is a complex phenomenon that involves 

a number of psychosocial, behavioral and/or physiological 

processes.39 The levels of fatigue differ among individuals 

and absolute quantification is still difficult. In this study, we 

showed that fatigue affects endothelial function based on 

the relative fatigue assessment in individual participants. 

The temporal state of fatigue is conceptually distinct from 

the pathological state.2,25 The relative change in the level 

of fatigue after the second and third measurements was 

correlated with endothelial function. However, absolute 

quantification of fatigue with a single cognitive assessment 

using fatigue-related scales is difficult and there seemed to be 

no correlation between the individual fatigue-related scales 

and endothelial function. Moreover, although the etiology 

of burnout or vital exhaustion has been investigated and 

cohort studies have been conducted,2–4 it is still not possible 

to distinguish between pathological fatigue and physiologi-

cal fatigue. It is important to establish an objective method 

of assessing fatigue. Although various approaches have 

been attempted, including animal models of fatigue,40,41 an 

objective method to measure physiological fatigue in healthy 

people has not yet been developed. Menopausal status did 

not affect the conclusion of our study because we evaluated 

the relationship between endothelial function and fatigue in 

individual participants. Although we only conducted further 

assessments in subjects who had shown abnormal endothelial 

function at the first examination in this study, we intend to 

extend our study to include all subjects to generalize the 

correlation between fatigue and endothelial function.

In this paper, we propose a new concept that vascular 

endothelial cells are a potential sensor of fatigue (Figure 4). 

The differences between the individuals’ reaction to the envi-

ronment is reflected in their health status.42 Fatigue represents 

a systemic reaction of the person and endothelial function 

seems to react sensitively as an objective sensor of fatigue. 

In terms of the clinical utility of measuring fatigue, acknowl-

edging the individual’s magnitude of fatigue at baseline is 

important to recognize how changes in level of fatigue leads 

to endothelial function and thus self-management.

Conclusion
Our study indicates that changes in the strength of fatigue 

could influence endothelial function, even in the absence of 

traditional risk factors for ischemic disease. We propose a 

new concept that vascular endothelial cells are a potential 

sensor of fatigue. Endothelial function, as an objective tool to 

measure fatigue in healthy subjects, could be used to aid self-

management or health education for healthy individuals.
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