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Abstract
High blood pressure is the most significant risk factor of cardiovascular and cerebrovascular diseases worldwide. Blood
pressure and its variability are recognized as risk factors. Thus, hypertension control should focus not only on maintaining
optimal levels but also on achieving less variability in blood pressure. Psychosocial stress is known to contribute to the
development and worsening of hypertension. Stress is perceived by the brain and induces neuroendocrine responses in either
a rapid or long-term manner. Moreover, endothelial dysfunction and inflammation might be further involved in the
modulation of blood pressure elevation associated with stress. White-coat hypertension, defined as high clinic blood pressure
but normal out-of-office blood pressure, is the most popular stress-related blood pressure response. Careful follow-up is
necessary for this type of hypertensive patients because some show organ damage or a worse prognosis. On the other hand,
masked hypertension, defined as high out-of-office blood pressure but normal office blood pressure, has received
considerable interest as a poor prognostic condition. The cause of masked hypertension is complex, but evidence suggests
that chronic stress at the workplace or home could be involved. Chronic psychological stress could be associated with
distorted lifestyle and mental distress as well as long-lasting allostatic load, contributing to the maintenance of blood
pressure elevation. Stress issues are common in patients in modern society. Considering psychosocial stress as the
pathogenesis of blood pressure elevation is useful for achieving an individual-focused approach and 24-h blood pressure
control.

Introduction

Hypertension is the most significant risk factor of cardio-
vascular morbidity and mortality [1, 2]. According to the
global report of the World Health Organization,
hypertension-related complications are estimated to cause
7.5 million deaths worldwide, comprising nearly 13% of
annual mortality [3]. Of these deaths, over 45% were due to
coronary heart disease and 50% were due to stroke [4].
Accumulated evidence has shown that consistently high
blood pressure and its variability are risk factors of cardi-
ovascular events [5–9]. Thus, hypertension control should
focus not only on maintaining an optimal level of blood
pressure but also on achieving less variability.

The etiology of high blood pressure is complex and
multifactorial. Genes, the neuroendocrine system, organ
failure, lifestyle and environmental factors are involved at
the individual level [10–13]. Because of the development of
satisfactory antihypertensive agents, the treatment of
hypertension has considerably improved over the last dec-
ades [14–16]. However, hypertension and its cardiovascular
complications are the most prevalent non-communicable
diseases worldwide [3]. The number of people diagnosed
with hypertension is increasing. This increase may be lar-
gely attributed to social or environmental factors, such as
aging populations, increased obesity prevalence, air pollu-
tion due to industrialization, and exposure to various types
of mental stress [13, 14, 17].

Stress-related increases in blood pressure include a large
spectrum in terms of pathophysiology. This increase
includes not only temporal blood pressure elevation induced
by emotional stress but also long-lasting high blood pres-
sure due to distorted lifestyle or mental distress derived
from stress [18, 19]. Recent studies have shown that the
stress-related blood pressure response is modified by
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endothelial function [20], inflammation [21–23], or immune
function [24]. Because stress-induced blood pressure ele-
vation could be deeply involved in the pathogenesis of both
short- and long-term blood pressure variabilities, consider-
ing stress as a pathogenesis of high blood pressure seems
necessary to individualize hypertension management and
achieve a 24-h blood pressure control.

This article will provide an update on the mechanisms of
stress-related blood pressure elevation. Stress generally
represents a series of bodily reactions to various types of
external and internal stimuli, such as physical, traumatic,
psychological, biochemical, infectious and radiological sti-
muli. This article mainly focuses on psychosocial stress,
which has received considerable attention as a cardiovas-
cular risk that modern civilization brings to society [25].
The clinical significance of stress-related blood pressure
elevation was subsequently reviewed for clinic and out-of-
clinic settings.

Psychosocial stress is a relatively fixed risk factor for
hypertension in the 2017 high blood pressure clinical
practice guidelines of the USA because it is usually difficult
to modify [26]. The latest systematic reviews on the clinical
effectiveness of stress-reduction techniques in hypertensive
patients have shown that such interventions appear to
indicate some hypotensive effects, but the results require
cautious interpretation due to major methodological lim-
itations [27]. However, the recent largest interventional
study conducted in China has demonstrated that 2-year
psychological intervention could improve blood pressure
control, health-related quality of life, and stroke prevalence
in Chinese mine workers [28]. This finding suggests that
adequate stress management could improve hypertension
treatment.

Mechanisms of stress-induced blood
pressure elevation

Mechanisms of stress-induced blood pressure elevation are
complex and not completely understood. Figure 1 indicates
a global schema of stress-induced blood pressure elevation.
Psychological stress is often induced by environmental
changes, which are perceived by the brain. Some are inte-
grated in the neocortex, but others are sensed by the limbic
system in a situation of “fight or flight” [29, 30]. Neu-
roendocrine stress responses occur if an individual feels
afraid or anxious against such changes or if a demand
exceeds an individual’s capability [31]. In humans, stress
responses to the same situation largely differ among indi-
viduals because they are determined by the integration of
personality characteristics, knowledge, previous experience,
and skills [32]. Subsequent activation of the sympathetic
nervous system and hypothalamic–pituitary–adrenocortical
axis are the main characteristics of stress responses [31].
These systems promote adaptation to challenges, called
“allostasis,” meaning the process of maintaining stability
under environmental changes. However, these adaptive
systems could be harmful if their function is inadequate or
excessive [33]. For example, it has been reported that larger
blood pressure increases in response to mental stress are
associated with more severe vascular damage [34, 35],
although there are some exceptions [36]. Moreover, stress-
related blood pressure elevation is largely influenced by
vascular condition or volume status. Increased arterial
stiffness and a diminished natriuretic response are known to
be associated with higher blood pressure response to acute
psychological stress [37–39]. Insulin resistance may be
further involved in daily life blood pressure variability
through the augmentation of peripheral vascular resistance
[40].

The mechanisms of long-lasting blood pressure elevation
induced by chronic stress are much more complex and mul-
tifactorial than acute stress response. In chronic stress condi-
tions, repeated and/or continuous activation of the
sympathetic nervous system, hypothalamic–pituitary–adrenal
axis, and renin–angiotensin–aldosterone system occur, lead-
ing to blood pressure elevation, increased shear stress, and
endothelial damage [19, 20]. Neuroendocrine activation
associated with chronic stress has been shown to trigger an
inflammatory response through the stimulation of cytokines
and acute phase reactant production [41], which can further
impair endothelial function. The endothelium is well recog-
nized as an endocrine homeostatic organ that regulates vas-
cular tone and structure. Endothelial dysfunction leads to
increased vasomotor tone, cellular hypertrophy, and remo-
deling, becoming a pro-atherosclerotic structure [42]. An
altered endothelium also becomes a source of hypertensive
substrates from the arterial wall, such as reactive oxygen
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Fig. 1 Global schema of stress-induced blood pressure increase
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species, thromboxane A2, endothelin, and prostaglandin H2
[43]. All these changes could contribute to chronic blood
pressure elevation. Even worse, psycho-behavioral factors
could be further involved in the maintenance of high blood
pressure associated with chronic stress. Chronic psychological
stress has been reported to increase the risk of unhealthy
lifestyle behaviors, such as physical inactivity [39, 44],
smoking [45], and heavy drinking [46], which are risk factors
for hypertension. Associated mental distress, such as depres-
sion [47], could cause or worsen hypertension due to coex-
istence with autonomic or hypothalamic–pituitary–adrenal
axis dysregulation [48, 49], distorted lifestyle [46], and
insomnia [50].

Stress-induced blood pressure elevation in a
clinic setting

Blood pressure measurement by a doctor is well known to
trigger a defense reaction, which causes a rise in blood
pressure [51, 52]. This phenomenon is called the “white-
coat effect,” and it is clinically important because it may
often lead to misdiagnosis [53]. Moreover, the temporal
pressor response may reflect inherent hyper-reactivity to
stress in some cases and be harmful in the long term [54]. In
humans with mild hypertension, a doctor’s visit induces a
sudden, marked, and prolonged pressor and tachycardic
response accompanied by a significant increase in skin

sympathetic nerve traffic and a significant decrease in
muscle sympathetic nerve traffic [55]. Thus, the sympa-
thetic nervous response induced by the doctor’s blood
pressure measurement is not homogenous but rather differs
among organs. This response might be reasonably under-
stood in that the diencephalic area coordinates the systemic
sympathetic response to an increase skeletal muscle blood
flow to adjust the “fight or flight” situation [56, 57].

The clinic-ambulatory difference in blood pressure has
been conventionally used as a surrogate measure of the
white-coat effect. However, this difference has no or low
correlation with the pressor response triggered by a doctor’s
measurement of blood pressure or the true white-coat effect
[58, 59]. Clinic-ambulatory difference in blood pressure is
positively correlated with clinic blood pressure and nega-
tively correlated with daytime ambulatory blood pressure
[60]. This finding indicates that the clinic-ambulatory dif-
ference in blood pressure is not a pure measure of pressor
response in the clinic but rather a variable largely affected
by environmental factors outside the clinic [61]. These
factors may include physical activity, workload, and
smoking. In the Progetto Ipertensione Umbria Monitoraggio
Ambulatoriale study on 1522 subjects, the clinic-
ambulatory blood pressure difference was not correlated
with left ventricular mass nor long-term cardiovascular
morbidity, indicating that this measure had no clinical sig-
nificance [60]. The absence of clinical significance was also
confirmed by the study on ambulatory monitoring of blood

Fig. 2 Representative beat-to-beat recording of RR interval and sys-
tolic and diastolic blood pressures (SBP and DBP, respectively) during
doctor’s visit and mental stress in a 52-year-old man. Blood pressure

was measured in the finger using the Finapres device. The figure was
adapted from Munakata et al. [54]
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pressure and lisinopril evaluation. This study reported that
12-month treatment-induced reductions in left ventricular
mass index and those in the clinic-daytime or clinic-home
differences in systolic and diastolic blood pressure showed
no significant relationship [62].

Only a few studies have examined the clinical sig-
nificance of the pure white-coat effect, which can be
investigated by monitoring beat-to-beat blood pressure at
rest and at a doctor’s visit (Fig. 2) [54, 58, 59]. The true
white-coat effect is defined as the mean value of the pressor
response or the maximum point triggered by the doctor’s
measurement of blood pressure relative to measurement in
the resting period. Lantelme et al. [59] examined the rela-
tionship between the pure white-coat effect and organ
damage in 88 hypertensive patients. They found no differ-
ence in terms of cardiac mass, diastolic function, arterial
distensibility, or renal function between the groups with
high and low white-coat effects. In our study conducted in
75 hypertensive patients who were never treated, the pure
white-coat effect was an independent predictor of left ven-
tricular mass index in men and left ventricular diastolic
function in women [54]. Thus, our data showed that the
white-coat effect has clinical significance. Men showed a
positive correlation between blood pressure response to the
doctor’s visit and a stress-induced increase in blood pres-
sure, whereas women did not. These data suggest that the
white-coat effect correlates with blood pressure reactivity to
real-life stressors in men; thus, it predicts left ventricular
mass. In our study, clinic blood pressures and pure white-
coat effects were similar between men and women, whereas
the clinic-ambulatory difference in blood pressure in men
was nearly half of that in women (14 ± 3/8 ± 2 vs. 28 ± 3/14
± 2 mmHg, p < 0.03 for both). This finding indicates that an
increase in daytime ambulatory blood pressures in men
resulted in considerable underestimation of the white-coat
effect. Therefore, it is plausible that the clinic-ambulatory
difference in blood pressure could reflect the white-coat
effect in subjects with truly normal ambulatory blood
pressure, where the influence of pressor factors during
ambulatory conditions would be minimized. Correlation
between the systolic white-coat effect and clinic-ambulatory
difference in systolic blood pressure was significant for
women (r= 0.442, p= 0.007) but not for men (r= 0.364,
p= 0.07) in our study.

Patients with high clinic blood pressure but normal
daytime ambulatory blood pressure were defined as having
white-coat hypertension (WCH) [53]. The method for the
treatment of these patients has been long debated because
long-term follow-up studies and interventional studies were
necessary. The majority of evidence derived from cross-
sectional studies supports increased target organ damage in
subjects with WCH compared with those with normoten-
sion [63–66], and the data were confirmed by meta-analysis

[67, 68]. However, longitudinal studies seem to provide
inconsistent results. Several observational event-based
cohort studies [69–71] and meta-analyses [72–74] addres-
sed the issue of the cardiovascular event risk of WCH. Most
data showed little or no difference in the risk between
untreated patients with WCH and their normotensive com-
parators [69, 70, 73, 74], but some data showed significant
differences [71, 72]. One meta-analysis demonstrated that
the incidence of stroke tended to increase in the WCH
group. The corresponding hazard curve caught up with that
of the ambulatory hypertension group by the 9th year of
follow-up, raising some concerns about the long-term safety
of WCH [72]. In this regard, Mancia et al. [71] provided
novel evidence indicating different cardiovascular risks in
individuals with stable or unstable WCH, that is, those in
whom ambulatory blood pressure normality was associated
with a persistent or non-persistent office blood pressure
elevation at 2 consecutive visits, respectively. Compared
with the normotensive group, the risk of cardiovascular and
all-cause death was not significantly different in unstable
WCH. In stable WCH, the risk was also increased when
data were adjusted for baseline confounders, including
ambulatory blood pressure (hazard ratio (HR) 16; p= 0.001
for cardiovascular death and 1.92; p= 0.02 for all-cause
death). This study strongly suggests that stable WCH is a
risk factor for cardiovascular events.

We should observe other points when considering car-
diovascular risk in WCH. First, in a long-term follow-up
study, WCH was associated with an increased risk of
developing sustained hypertension compared with true
normotension. The odds ratio (OR) was 2.86 in the Oha-
sama study (home BP based) [75] and 2.5 in the PAMELA
study (both ABPM and home BP based) [76]. Second,
WCH was associated with metabolic abnormality [77, 78]
and with an increased risk of incident diabetes compared
with normotension [79]. In the International Database on
Ambulatory Blood Pressure in Relation to Cardiovascular
Outcomes (IDACO) study, cardiovascular event risk was
higher in WCH than in normotension in a diabetic popu-
lation in contrast to a non-diabetic population [74]. Third,
recent data showed that some organ damage depends more
on clinic blood pressure than out-of-office blood pressure.
Increased left atrium diameter is known to be associated
with an elevated risk of cardiovascular morbidity and
mortality. Bombelli et al. [80] evaluated new-onset left
atrial enlargement and their correlates over a 10-year period
in the PAMELA study. In multivariate analysis, office
systolic blood pressure was an independent risk factor for
left atrial enlargement, whereas home and ambulatory blood
pressure were not. Thus, some organ damage depends more
on temporal blood pressure elevation in the clinic rather
than stable blood pressure in the out-of-office setting. The
clinical characteristics of WCH are heterogeneous and
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could change over time with aging and subsequent envir-
onmental factors. Careful follow-up of the hypertension
phenotype, metabolic risks, and organ damage is necessary
in the management of WCH.

Whether home blood pressure could be substituted for
daytime ambulatory blood pressure in the diagnosis of
WCH is a controversial topic [81–83]. Home blood pressure
measurement is much more feasible than ambulatory blood
pressure monitoring [84], but these measurements monitor
different aspects of blood pressure behavior [83]. In our
recent study conducted in a worksite setting, of the 157
employees who showed normal clinic (<140/90 mmHg) and
normal morning home blood pressures (<135/85 mmHg),
27 (17%) demonstrated high worksite blood pressure (≥135/
85 mmHg) [85]. Thus, some subjects with normal home and
clinic blood pressures show worksite hypertension. The
percentage of worksite hypertension would be higher in
WCH than in normotension because some patients with a
greater white-coat effect demonstrate larger pressor reac-
tivity to daily life stress as noted above. In other words,
home blood pressure-based WCH could include true WCH
and persistent hypertension with high worksite blood pres-
sure (Fig. 3). In the International Database on Home Blood
Pressure in Relation to Cardiovascular Outcome (IDHOCO)
study, 6458 participants from five populations were fol-
lowed up for 8.3 years [86]. Among the untreated subjects
(n= 5007), cardiovascular risk was significantly higher in
WCH than in normotensive subjects (adjusted HR 1.42,
95% confidence interval (CI) 1.06–1.91, p= 0.02). There-
fore, in the home blood pressure-based study, cardiovas-
cular event risk was higher in WCH than in normotension.
The reasons for the difference in results between IDACO
and IDHOCO studies are unclear. However, as speculated
above, WCH patients defined by home blood pressure
might include some degree of ambulatory hypertensive
patients, leading to higher risk for this group than for the

normotensive group. Examining worksite blood pressure
either by ambulatory monitoring or by self-measurement is
recommended to improve the diagnostic accuracy of WCH
in subjects on the job.

Work environment as a profound modulator
of blood pressure

Work may be the most influential factor for out-of-office
blood pressure in subjects on the job [87]. The clinic-
daytime blood pressure difference has been shown to be
positively correlated with age [61]. Clinic blood pressures
are higher than daytime blood pressures in elderly people
aged over 60 years, unlike the differences in people aged 50
years or younger. Many people usually retire in their 60 s,
suggesting that work conditions considerably influence
blood pressure balance between clinic and out-of-clinic
settings. In working people, blood pressures tend to be
higher on a workday than on a day away from work
[88, 89]. Moreover, the correlation between left ventricular
mass and blood pressure is closer for blood pressure mea-
sured at work than for blood pressure measured at home or
during sleep [90]. These data strongly suggest that work-
related blood pressure increase is an important target for
managing hypertension. In this section, our review focuses
on the relationship between qualitative work stress, work
hours, shift work, and blood pressures; all of these factors
have received a great interest as a cause of cardiovascular
diseases [91–93].

Work stress and blood pressure

The two internationally recognized theoretical models for
examining the effects of job stress on blood pressure are
demand–control support (DCS) [94, 95] and effort–reward
imbalance (ERI) [96]. The DCS model indicates that
workers experiencing high psychological demands (e.g.,
excessive workload, very hard or fast work, and conflicting
demands) and low job control are associated with a higher
risk of developing stress-related diseases [91]. Job control is
a combination of skill discretion (e.g., learning new things,
opportunities to develop skills, creativity, a variety of
activities, and non-repetitive work) and decision authority
(i.e., taking part in decisions affecting oneself, making one’s
own decisions, having a say on the job and freedom as to
how the work is accomplished). Poor social support has
been introduced as a third component of the
demand–control model [97]. This component refers to a
lack of help and cooperation from supervisors and cow-
orkers. The ERI model suggests that extrinsic efforts (i.e.,
pressure to work overtime, increasingly demanding work,
constant time pressure, repeated interruptions) should be

Home Clinic

Home ClinicWork

Home ClinicWork

Hypertension
threshold

Fig. 3 White-coat hypertension based on home blood pressure mea-
surements (left panel) can be classified into true white-coat hyper-
tension (right upper) and sustained hypertension (right lower) if work
blood pressure is considered
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rewarded in various ways, such as financially (income),
socially (respect and esteem), and organizationally (job
security and promotion prospects) [96]. Workers are in an
unhealthy condition if high extrinsic efforts are accom-
panied by low reward. A third component is over-
commitment, which is a personal coping style that presents
as being unable to withdraw from work obligations and
being impatient and irritable [98]. Overcommitment has
been considered to be an amplifier of the ERI effect.

Gilbert-Ouimet et al. [99] published a systematic review
on the relationship between work stress and blood pressure
in 2014, which included studies published from 1982 to
2011. Prospective cohorts and cross-sectional or
case–control studies were considered. Cross-sectional or
case–control studies that compare working and non-
working conditions are important because blood pressure
at work is closely related to organ damage, as described
above. Sixty-four studies investigated the DCS model,
twelve studies examined the ERI model, and two
studies considered both models. Studies were conducted
in 18 countries and included various working
populations. Either clinic or ambulatory blood pressures
were used, and changes in blood pressure or incident
hypertension were evaluated as outcome measures. In the
prospective studies, the follow-up period ranged from
6 weeks to 12 years.

DCS model: of the 40 cross-sectional studies on job
strain, 16 demonstrated a significant pressor effect, namely,
the difference in systolic blood pressure and diastolic blood
pressure means ranging from +2 to +10.2 mmHg and +2
to +17.97 mmHg, respectively, and OR for hypertension
ranging from 1.18 to 2.9. The remaining 24 studies showed
no significant effects on blood pressures. If the data were
analyzed by gender, worse effects were more frequent in
men (blood pressure level: 6/18 studies, hypertension:
2/5 studies) than in women (blood pressure level: 1/10,
hypertension: 0/7 studies). Of the 12 prospective studies on
job strain, 9 demonstrated a significant pressor effect,
namely, the difference in systolic blood pressure and dia-
stolic blood pressure means ranging from +1.2 to +7.7
mmHg and +0.8 to +7 mmHg, respectively, and OR for
hypertension ranging from 1.27 to 2.06. Worse effects were
also more frequently observed in men than in women in
studies on blood pressure level as an outcome measure (5/5
vs. 2/4 studies). Moreover, in one study on incident
hypertension as an outcome measure, a significant effect
was observed in men but not in women.

The method of blood pressure measurements could
considerably influence the results. Overall, a higher per-
centage of studies using ambulatory blood pressure mea-
sures demonstrated more worse effects of job strain than
those using office blood pressure measures (13/20 vs. 12/
35 studies). This tendency was more evident in cross-

sectional studies (9/15 vs. 7/27 studies) than in prospective
studies (4/5 vs. 3/4 studies).

Some studies examined the relationship between job
stress components, i.e., job demand or job control, and
blood pressures. Significantly worse effects were observed
for high psychological demands in 7/25 studies on blood
pressure level and 2/7 studies on hypertension and for low
social support in 1/9 studies on blood pressure levels. A
significant protective effect was observed for high job
control in 9/25 studies on blood pressure level and 3/6 stu-
dies on hypertension. Thus, not only job strain but also its
components should be considered as measures of work-
related stress. This concept was confirmed by our recent
study conducted in Japanese male hospital employees [100].
We examined resting blood pressures and job stress com-
ponents in 113 Japanese male hospital clerks (38.1 ± 4.4
years). Subjects were classified into normotensive (<130/85
mmHg, n= 83) and mildly elevated blood pressure (≥130/
85 mmHg, n= 30) groups. Subjects with low job control
demonstrated higher diastolic blood pressure than those
with high job control (89.1 ± 2.1 vs. 82.3 ± 2.3 mmHg, p=
0.042) in the mildly elevated blood pressure group, even
after adjustments for co-variates. Diastolic blood pressure
did not differ between low and high job control subjects in
the normotensive group. Systolic blood pressure did not
differ between high and low job control subjects in both
groups. Neither systolic blood pressure nor diastolic blood
pressure differed between high- and low-demand groups in
either group. Thus, low job control was independently
related to high diastolic blood pressure in men with mildly
elevated blood pressure but not in normotensive men. This
result suggests higher stress blood pressure reactivity in the
former [100].

ERI model: of the 11 cross-sectional studies with the ERI
model, 7 demonstrated a significant pressor effect, namely,
the difference in systolic blood pressure and diastolic blood
pressure means ranging from +1.86 to +4.52 mmHg and
+1.31 to +4.17 mmHg, respectively, and OR for hyper-
tension ranging from 1.62 to 5.77. In addition, two cross-
sectional studies evaluated the separate effect of effort and
reward, but none of the studies observed significant effects.
When the effects were analyzed by gender, six cross-
sectional studies presented results separately for men and
women. The worse effect was more frequent in men than in
women (5/6 vs. 1/6 studies). In line with the results of the
DCS model, adverse effects tended to be more frequently
observed in studies conducted using ambulatory blood
pressure measure than those using office blood pressure
measure (3/4 vs. 5/8 studies). A significantly worse effect of
overcommitment was observed in one out of three cross-
sectional studies. This study observed a higher ambulatory
systolic blood pressure mean among men, but no effects
were noted among women.
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Some new evidence after this review will also be dis-
cussed. In a Canadian prospective study including >3000
white-collar male and female workers, women with high
ERI scores demonstrated a significant increase in systolic
ambulatory blood pressure after 3 years. Moreover, a sig-
nificant increase in incident hypertension was found among
older women, whereas no significant effect was observed
among men [101]. This trend among women was further
confirmed over a 5-year observation period [102]. The
double exposure of ERI and family obligations among
women resulted in a significant rise in ambulatory blood
pressure after 5 years [102]. The finding that ERI was
associated with significantly increased risks of untreated
hypertension [103] and masked hypertension is important
[104].

Taken together, current evidence suggests that the dele-
terious effects of work stress on blood pressures are more
frequently observed in studies using ambulatory blood
pressure than those with clinic blood pressure either in
cross-sectional or prospective studies. This finding is quite
reasonable because work stress could increase blood pres-
sure only at work, leading to masked hypertension. How-
ever, temporal blood pressure increases, even when
restricted to work times, could lead to the development of
organ damage if they are repeated over time. An examina-
tion of work-related blood pressure changes by ambulatory
blood pressure monitoring in subjects involved in high-
stress jobs is strongly recommended.

However, self-blood pressure measurement at the
workplace may be more useful and practical than ambula-
tory blood pressure monitoring in some situations. Cardio-
vascular events have been reported to often occur on
Monday morning compared with other week days among
the working population [105, 106]. This effect has been
attributed in part to high Monday morning blood pressure
[105, 107]. However, repeating ambulatory blood pressure
monitoring within a week is difficult. To address this issue,

we conducted a multicenter study to examine the hypothesis
of whether blood pressure is higher on Monday morning
than on other days of the week [108]. We studied 207
treated hypertensive subjects working for 29 Rosai hospi-
tals. Blood pressures and heart rate were measured with an
automated device at standardized conditions 4 times a day:
immediately after waking, 10:00 h, 16:00 h, and before
going to bed on three days (Monday, Friday, and Saturday
or Sunday). Job stress was examined using the Japanese
version of the JDC model [109]. Urinary albumin excretion
was examined as a measure of endothelial damage and
future cardiovascular event risk [110]. Recorded data were
automatically transferred to a data center through a wireless
telephone. A significant interaction was found between the
rate pressure product (systolic blood pressure × heart rate)
and weekly and daily variations (Fig. 4). The rate pressure
product was higher in the morning on Monday than at other
times or on other days. This tendency was more evident in
women than in men. The increase in rate pressure product
on Monday morning was significantly correlated with
urinary albumin excretion and job strain index in women.
Thus, higher cardiovascular load partially due to work stress
on Monday morning seemed to be associated with endo-
thelial damage in treated hypertensive subjects. In our
study, the compliance for self-measurement of blood pres-
sure was satisfactory, and no patient dropout was noted.
Self-measurement of blood pressure seemed to be suitable
for examining work-related daily and weekly variations.

Work hours and blood pressure

Long working hours are associated with an increased risk of
cardiovascular disease [93], but their relationship with
hypertension remains unclear. Long working hours are
officially recognized as a causal factor for “Karoshi,” death
from overwork, or work-related cardiovascular events in
Japan, Chinese Taiwan, and Korea [111, 112]. However, to

Fig. 4 Double product elevation
on Monday morning during
work. A significant interaction
(alternative action) was found
between the double product
(systolic BP × heart rate:
mmHg × bpm) and weekly and
circadian rhythms, particularly
in women and in the overall
population. In the graphs, small
square, large square, and triangle
represent the weekend (Saturday
or Sunday), Monday, and
Friday, respectively. The figure
was modified from Kimura et al.
[108]
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the best of our knowledge, no systematic review has been
conducted on work hours and elevation of blood pressure.
Thus, we surveyed studies on the relationship between work
hours and blood pressure (Table 1).

The results were inconsistent among studies. Six studies
reported a positive relationship between long work hours
and blood pressure increase or increased risk of incident
hypertension, whereas two studies demonstrated no rela-
tionship. Surprisingly, three studies from Japan reported an
inverse relationship between work hours and incident or
prevalent hypertension. The first pioneering work was
conducted by Hayashi et al. [113]. They compared ambu-
latory blood pressures at normal control work periods and
those at very long overtime work period in white-collar
workers. Blood pressure was significantly higher when
working overtime (average overtime of 96 h per month)
than in a “control” period (average overtime of 43 h per
month). Iwasaki et al. [114] showed significantly higher
systolic blood pressure among salesmen aged 50–60 years
who spent >61 h per week commuting and working than
among those who spent <57 h. However, blood pressure did
not differ between longer and shorter working subgroups
younger than 50 years of age. Yang et al. [115] showed that
in the US working population, individuals who worked 40,
41–50, and >50 h per week were 1.14-fold (95% CI,
1.01–1.28), 1.17-fold (95% CI, 1.04–1.33), and 1.29-fold
(95% CI, 1.10–1.52) more likely to have self-reported
hypertension, respectively, than individuals who worked
11–39 h per week. Although the study was cross-sectional,
the findings were important because it included a large
range of age groups and all occupational categories.
Artazcoz et al. [116] showed in the Catalonian Health
Survey that long work hours were associated with hyper-
tension (adjusted OR, 2.25; 95% CI, 1.17–4.32) among
female workers only in a cross-sectional study. Nakamura
et al. [117] were the first to report a positive relationship
between overtime work and blood pressure increase in a
longitudinal study. The multivariate-adjusted mean for 1-
year change in diastolic blood pressure in 611 male
assembly-line workers was 1.5 mmHg (95% CI; 0.8–2.2)
for <40.0 h per month, 2.3 mmHg (95% CI 1.3–3.2) for
40.0–79.9 h per month and 5.3 mmHg (95% CI 2.7–7.9) for
≥80.0 h per month (p for heterogeneity= 0.02). A largely
similar pattern was observed for systolic blood pressure. No
such relationship was noted for clerks or engineers/special
technicians. This study showed that work type may modify
the relationship between overtime work hours and blood
pressure progression. Similarly, Yoo et al. [118] reported
that the HR for incident hypertension significantly increased
as the number of working hours per week increased in
Korean wage workers. Compared with those working 40 h
or less per week, the HR of subjects working 41–50 h per
week was 2.20 (95% CI; 1.19–4.06), that of subjects

working 51–60 h per week was 2.40 (95% CI, 1.07–5.39)
and that of subjects working 61 h and over per week was
2.87 (95% CI, 1.33–6.20).

On the other hand, several Japanese studies have repor-
ted negative associations between work hours or overtime
work and the incident or prevalent hypertension. Nakanishi
et al. [119] showed in 941 hypertension-free (<140/90
mmHg) Japanese male white-collar workers that the relative
risk for hypertension above the borderline level (140/90
mmHg) was 0.63 (95% CI: 0.43, 0.91) for those who
worked 10.0–10.9 h per day and 0.48 (95% CI: 0.31, 0.74)
for those who worked ≥11.0 h per day compared with those
who worked <8.0 h per day. In this study, architects or
research workers worked more overtime than clerks, and
being an architect or a research worker (vs. being a clerk)
was negatively associated with the slope of blood pressure.
The authors speculated that the work type would be
important to determining the perception of overwork or
stress and its associated responses in blood pressure. A
similar prospective study was also reported in Japanese
male workers [120]. Imai et al. [121] conducted a large-
scale cross-sectional study to examine long working hours
and prevalent hypertension. Their participants consisted of
52,365 workers from four companies that provided both
health-checkup data and self-reported data on overtime
work. Logistic regression analysis was performed to deter-
mine the OR for hypertension in each category of overtime
work (<45, 45–79, 80–99 or ≥100 h per month) with
adjustments for co-variates. The adjusted ORs (95% CI) for
hypertension were 1.00 (reference), 0.81 (0.75–0.86), 0.73
(0.62–0.86), and 0.58 (0.44–0.76) for <45, 45–79, 80–99,
and ≥100 h/month, respectively. Two studies showed no
relationship between work hours and blood pressure or
incident hypertension [122, 123].

Thus, current evidence suggests that the relationship
between work hours and blood pressure varies among stu-
dies and is not conclusive. The type of job and job satis-
faction are assumed to largely modify the relationship.

Shift work and blood pressure

Shift workers play an important role in the maintenance of
production, health-care, and service industries in many
countries [92]. Approximately 15–30% of workers are
employed as rotational shift workers, which include work-
ing day, afternoon, and night shifts [124]. The human body
has an inherent biological circadian rhythm, which is pro-
grammed to be active during the day and to rest at night.
Shift workers are forced to adapt their behavior against such
an inherent rhythm and thus experience complex stress from
psychological, physiological, and behavioral aspects [125].
Therefore, shift work is hazardous to one’s health
[126, 127]. The risk of cardiovascular disease has been
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reported to be increased in shift workers compared with
non-shift workers. A recent meta-analysis has shown that
shift workers had a 26% higher risk of coronary artery
disease than non-shift workers [92]. This finding might be
mediated partially by an altered circadian blood pressure
rhythm or a blood pressure elevation induced by shift work.

Circadian blood pressure profiles of rotating shift work-
ers have been compared in several studies using ambulatory
blood pressure monitoring. Some studies have shown that
these profiles are identical or nearly the same between
normal work and shift work days and concluded that cir-
cadian blood pressure change is largely determined by the
cycle of physical or mental activity and sleep [128–130].
However, others reported an altered circadian blood pres-
sure rhythm in shift workers. Chau et al. carefully examined
the circadian blood pressure profile curve of morning,
afternoon, and night shifts by Fourier series [131]. They
found that high pressure periods did not coincide entirely
with the times of activity. They concluded that factors other
than the subject’s activity contribute to the circadian blood
pressure profiles of shift workers. Ohira et al. [132] com-
pared 24-h ambulatory blood pressure between 27 shift
workers and 26 day workers. Even after adjustment for co-
variates, the blood pressure during waking and work peri-
ods was higher in shift workers than in day workers,
although sleep blood pressures were similar. This study
showed greater pressor reactivity during work in shift
workers than in day workers. To precisely examine the
dynamic changes in blood pressure and autonomic nervous
activity associated with shift work, we studied 18 healthy
nurses engaged in a shift rotation system (day work,
8:15–17:15; evening work, 16:00–22:00; night work,
21:30–8:30) [133]. Blood pressure, heart rate, RR interval
variability, and physical activity were measured for 24 h
from the start of work during the night and day shifts.
Systolic blood pressure and heart rate during work were
lower during the night shift than the during day shift. Both
parameters were still lower (p < 0.005 and p < 0.05) when
they were measured outside of the hospital under waking
conditions following a night shift than following a day shift,
even though the levels of physical activity were similar. The
high-frequency power spectrum of RR interval variability, a
measure of cardiac vagal modulation, was greater not only
during work but also during the awake period after a night
shift compared with a day shift. Blood pressures during
sleep were similar between day and night shifts. Thus, our
data showed that waking blood pressure could be lower
after a night shift due to altered autonomic regulation
compared with day shift in subjects involved in rotating
shift work. This finding was a new cause of the flattening of
circadian blood pressure rhythms in rotating shift workers.
Kitamura et al. [134] examined the changes in circadian
blood pressure patterns in response to work shift changes in

hypertensive patients. Ambulatory blood pressure mon-
itoring was performed three times: the last day of a 4-day
period of day shifts, the first day of a 4-day period of night
shifts, and the fourth day of night shifts. Circadian rhythm
was dipper on the day of a day shift and the last day of night
shifts but was non-dipper on the first day of night shifts.
Non-dipper patterns on the first day of night shifts were
associated with high sleep blood pressure compared with
pressures on day shifts, but awake blood pressure also
tended to be lower in the night shift than in the day shift,
confirming our results. The results suggest that the sym-
pathetic modulation of awake and sleep blood pressures
dynamically changes within a period of rotating shift. Later
studies also confirmed these findings [135, 136]. Therefore,
the results of the cross-sectional comparison of blood
pressure between shift workers and non-shift workers might
be inconsistent [131, 137–140]. Overall evidence suggests
that rotating shift workers repeatedly suffer from a non-
dipper pattern of circadian blood pressure rhythm partially
due to altered sympathetic cardiovascular modulation.
Repeated experiences of non-dipper circadian blood pres-
sure rhythms are speculated to increase the risk of cardio-
vascular events [141].

How about the circadian blood pressure rhythm of sub-
jects involved in fixed rotating shifts? Are they completely
adjusted to environmental changes? Sternberg et al. [142]
reported that the awake–sleep difference in mean systolic/
diastolic ambulatory blood pressure was smaller in night
workers than in day workers (7.9/7 vs. 15.5/13 mmHg). In
another study evaluating 58 day-shift workers and 35 eve-
ning+ night-shift workers, the evening+ night workers had
a significantly smaller decrease in systolic blood pressure
during sleep than the day-shift workers. This result was
largely attributed to higher sleep systolic blood pressure in
the evening+ night-shift group [143]. Urinary noradrena-
line and adrenaline were higher during work than non-work
in day-shift workers. However, in evening+ night-shift
workers, the difference was small and in the opposite
direction, suggesting an altered sympathetic nervous rhythm
of the evening+ night-shift group. Kario et al. [144]
examined the hypothesis of whether cardiovascular reac-
tivity to acute stress and/or delayed recovery predicts
greater diurnal blood pressure variation between day and
fixed night-shift female workers. Night-shift workers
demonstrated higher sleep systolic blood pressure than day-
shift workers (105 vs. 99 mmHg), although the awake
systolic blood pressure was similar between groups (118 vs.
116 mmHg). In the night-shift group, the sleep/awake sys-
tolic blood pressure ratio was negatively correlated with
relative systolic blood pressure reactivity (r=−0.41, p=
0.02) and relative stress response of systolic blood pressure
(r=−0.48, p= 0.006) induced by anger recall, but it was
positively correlated with recovery rate (r= 0.34, p= 0.06).
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These correlations were not significant in the day-shift
group. The sleep/awake systolic blood pressure ratio was
inversely correlated with an exercise-induced systolic blood
pressure increase in day-shift workers (r=−0.30, p=
0.03), but this association was not found in night-shift
workers. These lines of evidence suggest that fixed night-
shift workers never demonstrate normal circadian blood
pressure rhythm but are associated with less dipping pat-
terns of circadian blood pressure rhythms partially due to
altered sympatho-adrenal modulation of the cardiovascular
system.

Finally, the influence of long-term shift work on incident
hypertension or blood pressure progression is discussed.
Morikawa et al. [145] conducted a 5-year prospective study
in a cohort of 1551 male manual workers and found that the
OR for incident hypertension in shift workers relative to
daytime workers was 3.6 in the group aged 18–29 years.
Sakata et al. [146] reported a significant relationship
between alternating shift work and hypertension based on a
prospective cohort study of 5338 workers over a 10-year
period. The OR of the onset of hypertension in shift workers
for daytime workers was 1.10 and significant. Furthermore,
in the same group, alternating shift work was significantly
associated with the progression of mild hypertension to
severe hypertension [147] and an increase in blood pressure
in a cohort study over a 10-year period [148]. Notably, the
effects of shift work on blood pressure increase were more
pronounced than those of age or body mass index [148].
Thus, many Japanese studies confirmed that long-term shift
work increases the risk of incident hypertension and blood
pressure progression, but some exceptions have been
reported in other countries [149, 150]. Therefore, the rela-
tionship between shift work and blood pressure progression
might be modified by Japan-specific lifestyle factors, such
as high salt intake. This important issue should be eluci-
dated in the future.

Caregiving

In this section, the review focuses on home stress because
not only work stress but also home stress considerably
influences ambulatory blood pressures [151].

The world’s population is rapidly aging. The number of
old people (aged 65 and over) was 562 million (8% of 7
billion total population) in 2012, and it increased by 595
million (to 8.5% of total population) in 2015 [152]. In
Japan, life expectancy at birth is currently nearly the highest
in the world. However, the duration of life with light or
moderate disability increases with an increase in life
expectancy at birth for both genders [153]. Thus, the
number of elderly people who require caregiving is
expected to markedly increase.

Family caregiving can be a positive and rewarding
experience [154]. However, it is associated with a variety of
deleterious health behaviors and outcomes [155, 156]. In a
nationally representative sample of US adults, spousal car-
egiving is associated with a significant elevation in the risk
of cardiovascular disease [157]. Hypertension may partially
explain this connection between caregiving and an increase
in cardiovascular disease risk.

In a cross-sectional study conducted in USA, Switzer-
land, and Japan, blood pressures were consistently higher in
caregivers than in non-caregivers after adjustments for co-
variates [158–160]. King et al. [158] compared ambulatory
blood pressure and heart rate responses to the stress of work
and caregiving in older women. Caregivers demonstrated a
significant increase in systolic blood pressure when
returning home to the care recipient, whereas systolic blood
pressure declined when leaving work and returning home in
non-caregivers. These observations strongly suggest that
caregiving stress could be a cause of home hypertension.
Only a few longitudinal studies have examined whether
caregiving could be a risk of incident hypertension [161,
162]. Shaw et al. [161] compared the risk of incident
hypertension between spousal caregivers of Alzheimer’s
disease patients and non-caregiving controls (n= 47).
Based on periodic 6-month assessments of blood pressure
over 6 years, the risk for borderline hypertension was
greater for caregivers than for controls (HR 4.86, p= 0.03).
Capistrant et al. [162] examined this issue in a large,
nationally representative sample of American older adults.
Married, hypertension-free, health and retirement study
respondents (n= 5708) were followed for up to 8 years.
After adjusting for multiple co-variates, current caregiving
significantly predicted hypertension incidence (RR= 1.36,
95% CI: 1.01–1.83). For long-term caregivers, significant
evidence of the risk of hypertension onset was associated
with caregiving (RR= 2.29, 95% CI: 1.17–4.49). Thus,
available evidence strongly suggests a link between car-
egiving stress and the risk of incident hypertension and
temporal blood pressure elevation.

Conclusion

This article reviewed the clinical significance of stress-
related elevations in blood pressure in office and out-of-
office settings separately. WCH was the most common
office stress-related hypertension phenotype. Currently,
there is no definite evidence indicating that untreated WCH
is associated with increased cardiovascular event risk
compared with normotension. However, WCH is associated
with long-term risk of sustained hypertension and diabetes.
Moreover, WCH demonstrates worse cardiovascular prog-
nosis as compared with normotension in the diabetic
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population. The risk of WCH is never determined from
temporal data but must be evaluated from long-term
observation of hypertension phenotype and development
of complication. Masked hypertension is a well-known poor
prognostic hypertension phenotype. The cause of masked
hypertension is complex, but stress at workplace or home
could be involved. Chronic stress as well as allostatic load,
distorted lifestyle, and mental distress could increase blood
pressure.

Removal of such stress is difficult, and the evidence is
limited if stress-reduction techniques have hypotensive
effects. However, considering patients’ background and
giving them an opportunity to present their concern help to
establish rapport [163], which is essential to keep long-term
compliance for hypertension treatment.
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