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Abstract
In 2020, 199 papers were published in Hypertension Research. Many excellent papers have contributed to progress in
research on hypertension. Here, our editorial members have summarized eleven topics from published work and discussed
current topics in depth. We hope you enjoy our special feature, Annual Reports on Hypertension Research.
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Hot topics on vascular function in
hypertension, 2020

(See Supplementary Information 1)
Several methods for assessment of vascular function

including endothelial function, vascular smooth muscle
function, arterial stiffness, and biochemical markers have
been used in patients with hypertension (Fig. 1) [1–7].
These methods have been established as markers for the
grade of atherosclerosis, markers for efficacy of interven-
tions, tools for evaluating mechanisms of atherosclerosis,

and predictors of cardiovascular outcomes in cardiovascular
disease (CVD) including hypertension (Fig. 1) [8–12].

There were many reports on “vascular function and hyper-
tension” in Hypertension Research in 2020 alone. Liu et al.
[13] demonstrated a significant association of higher brachial-
ankle pulse wave velocity (baPWV) as an index of arterial
stiffness with a higher frequency of the presence of carotid
plaque in patients with hypertension, particularly in relatively
young patients. Maruhashi et al. [14] showed that measurement
of baPWV is a predictor of cardiovascular events in hyper-
tensive patients with coronary artery disease with controlled
blood pressure (BP) of <130/80mmHg, suggesting that a BP
target of <130/80mmHg is appropriate for the treatment of
hypertensive patients with coronary artery disease. Tomiyama
et al. (Supplementary Information 1–1) showed that the SAGE
score calculated from age, office systolic BP, fasting blood
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glucose, and estimated glomerular filtration rate (eGFR) is
useful for predicting baPWV in patients with hypertension. In
addition, elevation of BP contributes, at least in part, to
microvascular dysfunction (Supplementary Information 1–2).
The association between quality of sleep and vascular function
in patients with hypertension remains unclear. Hu et al. (Sup-
plementary Information 1–3) reported that poor sleep quality
was associated with higher arterial stiffness measured by
baPWV in patients with hypertension. It has also been reported
that measurement of carotid-femoral PWV reveals different
hypertension phenotypes including white-coat hypertension,
resistant hypertension and nonresistant hypertension (Supple-
mentary Information 1–4). Interestingly, it has been shown that
high BP-induced alteration of shear stress reduces antith-
rombotic effects through a decrease in nitric oxide bioavail-
ability in human conduit arteries, leading to an increase in risk
of arterial thrombosis [15].

In fields other than hypertension, Fukumoto et al. (Sup-
plementary Information 1–5) showed that smoking cessation
improved flow-mediated vasodilation as an index of mac-
rovascular endothelial function but not reactive hyperemic
index as an index of microvascular endothelial function,
suggesting that attention should be paid to the effects of
smoking on endothelial function in vessels of different sizes.
Maruhashi et al. [16] confirmed that vascular function,
including endothelial function, vascular smooth muscle
function and arterial stiffness, is continuously impaired
throughout life with aging. Harada et al. (Supplementary
Information 1–6) showed that vascular dysfunction plays a
critical role in the decrease in skeletal muscle mass, leading
to cardiovascular events. Also, microcirculatory dysfunction
assessed by digital capillary density and high normal ankle-
brachial pressure index independently contributes to

advancement of chronic kidney disease stages (Supple-
mentary Information 1–7, 1–8). The advanced glycation end
products (AGEs)/soluble receptor for AGEs pathway is
associated with arterial stiffness in the general population
(Supplementary Information 1–9).

Next year and also in the next decade, we would like to
pay attention to publications concerning “vascular function
and hypertension” in Hypertension Research. Accumulation
of data on vascular function in hypertension would enable
more specific conclusions concerning the roles of vascular
function in the pathophysiology, maintenance, and devel-
opment of hypertension to be drawn.

Preeclampsia update

(See Supplementary Information 2)
No effective treatment that attenuates the progression of

preeclampsia (PE) has been established. New trials and
cohort studies have provided insights into the development
of preventive care and diagnostic and prognostic tools, and
reports regarding these issues have also been published in
Hypertension Research.

Pathogenesis

The two-stage paradigm of poor early placental develop-
ment followed by systemic endothelial dysfunction and
severe maternal organ injury is an effective model to frame
the pathogenesis of PE (Fig. 2) [17]. Vangrieken et al.
(Supplementary Information 2–1) investigated the effect of
placental hypoxic-conditioned medium on intraluminal-
induced contraction and endothelial barrier integrity in

Fig. 1 Methods for assessment
of vascular function (top) and
clinical efficacy of assessment of
vascular function (bottom).
FMD indicates flow-mediated
vasodilation, ezFMD enclosed-
zone FMD, RHI reactive
hyperemia index, NID
nitroglycerine-induced
vasodilation, baPWV brachial-
ankle pulse wave velocity,
cfPWV carotid-femoral PWV,
CAVI cardio-ankle vascular
index, AI augmentation index,
TBI toe brachial pressure index,
ABI ankle-brachial pressure
index, IMT intima media
thickness
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chorionic arteries, and have demonstrated a link between
factors secreted by placental cells in response to hypoxia
and vascular abnormalities.

Preventive care

The strongest risk factors for PE are history of PE and chronic
hypertension. Li et al. showed associations between high pre-
conception BP level and an increase in risk of gestational
hypertension and PE, indicating the importance of preconcep-
tion BP control. Some risk factors are amendable to pre-
pregnancy modifications [18]. Li et al. (Supplementary Infor-
mation 2–2) demonstrated that different subclasses of saturated
fatty acids show diverse effects on the risk of pregnancy-
induced hypertension, and suggested that dietary saturated fatty
acids may be a novel means by which to decrease BP during
pregnancy.

Diagnostic and prognostic tools

To make an early prediction of PE before diagnosis, Yue et al.
(Supplementary Information 2–3) developed a nomogram that
incorporates BMI, BP, uterine artery ultrasound parameters,
and serological indicators for the early prediction of PE in
pregnant Chinese women. Also, recently, the Fetal Medicine
Foundation proposed a Bayes theorem-based model to predict
preterm PE. Goto et al. investigated the diagnostic accuracy of
the model and showed that the model is feasible in the Japanese
population [19].

Management

Once diagnosed, PE is often a progressive condition and
maternal organ function deteriorates with time. Chen et al.
(Supplementary Information 2–4) have reported that crocin
alleviates inflammatory and oxidative stress in placental tissues,
thereby protecting against gestational hypertension (Fig. 2). Li
et al. (Supplementary Information 2–5) explored the efficacy of
troxerutin and found that it reduces BP and the expression of

vasodilation converting enzyme, angiotensin, urinary protein,
and pro-inflammatory cytokines while increasing the expres-
sion of anti-inflammatory cytokines (Fig. 2).

Magnesium sulfate reduces the risk of an eclamptic seizure,
but its mechanism of action is poorly understood. Li et al.
(Supplementary Information 2–6) have shown that prophylactic
magnesium sulfate decreases BP and attenuates the postpartum
effects of PE. Huang et al. (Supplementary Information 2–7)
have shown that the maternal hyperinflammatory response in
PE lowers the eclampsia-like seizure threshold [20] and found
that administration of a well-known immunosuppressive agent,
cyclosporin A (CsA), effectively attenuated PE manifestation,
and eclampsia-like seizure severity and improved subsequent
pregnancy outcomes in a rat model (Fig. 2).

Long-term outcomes

PE confers an increased risk of major chronic diseases in later
life including many cardiovascular complications [21], diabetes
[22], chronic kidney disease [23], and also dementia [24].
Wagata et al. have shown that the association between
hypertensive disorders in pregnancy (HDP) and later hyper-
tension was stronger in younger women, implying that con-
tinuous follow-up after the postpartum period is important for
women with a history of HDP for early detection of hyper-
tension in later life [25].

The 2019 Maternal Mortality update from the WHO
report indicated a major contribution of PE and eclampsia to
worldwide maternal deaths. Much work is needed to
decrease its morbidity and mortality, and this may be
reported in Hypertension Research in the future.

Treatment of hypertensive patients during
COVID-19 pandemic

(See Supplementary Information 3)
During 2020, the coronavirus disease 2019 (COVID-19)

pandemic has been the most defining global health crisis

Fig. 2 Topics on preeclampsia,
2020. PE preeclampsia, BP
blood pressure, sFlt-1 soluble
fms-like tyrosine kinase-1,
sENG soluble endoglin, PRES
posterior reversible
encephalopathy syndrome, AKI
acute kidney injury, CsA
cyclosporin A, CKD chronic
kidney disease
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worldwide. Many reports related to this international public
health emergency have been published in Hypertension
Research. Presidents of the Japanese Society of Hyperten-
sion (JSH) have written communications about proposals
for future hypertension treatment, conscious of the “new
normal” during and after COVID-19. Shibata and JSH
members also strived together to summarize and discuss the
effects and severity of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection and the effects of
antihypertensive drugs, especially in relation to blockade of
the renin–angiotensin system (RAS) [26]. The most
downloaded article in 2020 was a short communication by
Li et al. (Supplementary information 3–1), demonstrating
the association between COVID-19 and RAS inhibitors. On
March 4, the date on which the communication was
accepted, there was concern that ACE2, which is considered
to be upregulated by RAS inhibitors, could promote the
proliferation of COVID-19 and enhance its capability for
infection. Kai et al. (Supplementary Information 3–2)
promptly reviewed the interactions between coronaviruses
and ACE2, angiotensin II, and RAS inhibitors. This review
was the second most downloaded article in 2020. Furuhashi
et al. (Supplementary Information 3–3) also commented on
this topic around the same time. To address this question,
Matsuzawa et al. clearly demonstrated that RAS inhibitors
could be beneficial for the prevention of confusion in
COVID-19 patients with hypertension [27]. Following
assessment of the clinical studies, speculation about the
safety of RAS inhibitors has diminished [28, 29] (Fig. 3).

The next hot topic is the effect of hypertension and BP
control on COVID-19 severity. Huang et al. (Supplmentary
Information 3–4) showed that COVID-19 patients with

hypertension were more likely to have severe pneumonia
and excessive inflammatory reactions compared with
patients without hypertension. Ran et al. (Supplmentary
Information 3–5) also showed that BP control is indepen-
dently associated with mortality and intensive care unit
(ICU) admission. Hypertension has been identified as the
most common comorbidity in COVID-19 patients and has
shown an association with worse outcomes, possibly due to
more advanced atherosclerosis and target organ damage, in
a recent report [30]. More attention should be paid to
avoiding SARS-CoV-2 infection in hypertensive patients in
order to prevent severe COVID-19 disease (Fig. 3).

Finally, the COVID-19 pandemic has changed lifestyle
factors and behaviors such as physical activity, dietary
pattern, alcohol consumption and mental conditions,
resulting in an increase in metabolic syndrome with body
weight gain. These communicable disease-induced non-
communicable diseases [31–33] have been focused on in
hypertension management during and after the COVID-19
pandemic and may be reported in Hypertension Research in
the future (Fig. 3).

Treatment of CKD patients and therapeutic
usefulness of SGLT2 inhibitors

(See Supplementary Information 4)
The Kidney Disease: Improving Global Outcomes

(KDIGO) 2021 Clinical Practice Guidelines for the Man-
agement of BP in Chronic Kidney Disease (CKD) [34]
represents an update to the KDIGO 2012 guidelines. The
updated guidelines include a chapter dedicated to

Fig. 3 Topics on COVID-19
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standardized office BP (OBP) measurement for most
patients with CKD, who do not undergo dialysis. With
regard to recommendations for standardized OBP mea-
surements, based on previous and new evidence, particu-
larly the results of the Systolic Blood Pressure Intervention
Trial (SPRINT) [35], these guidelines propose a systolic BP
target of <120 mmHg. Renin–angiotensin system inhibitors
(RASis) are recommended as first-line medication for
patients with high BP and CKD accompanied by protei-
nuria. Although these guidelines include advice regarding
salt reduction, reduction of salt intake is difficult in real-
world practice. Yoshimura et al. [36] reported that excessive
alcohol consumption enhanced the effect of salt intake on
albuminuria. The benefit of salt restriction in reducing
albuminuria is greater in patients who successfully limit
alcohol consumption. Data regarding the addition of
mineralocorticoid receptor antagonists (MRA) to RASis are
unavailable in the headlines of the updated guidelines.
However, finerenone (a selective MRA) was shown to
significantly reduce the risk of CKD progression and car-
diovascular events in patients with CKD with concomitant
type 2 diabetes. [37] Wang et al. (Supplementary Infor-
mation 4–1) reported that an appropriate dose of spir-
onolactone may improve endothelial function, as reflected
by a lower prevalence of microalbuminuria in patients with
primary aldosteronism, which suggests that in addition to
their beneficial effects on the endothelium, MRAs may
reinforce the cardio-renal protective effects of RASis.
Zamami et al. (Supplementary Information 4–2) proposed
the application of the ankle-brachial index (ABI) as a useful
tool for evaluation of CKD severity. ABI was positively
correlated with biopsy-proven severity of renal small artery
intimal thickening in patients with CKD, which indicates
that an elevated ABI may predict renal small artery remo-
deling and a low eGFR. Based on quantitative nailfold
video capillaroscopy assessment, Schoina et al. (Supple-
mentary Information 4–3) reported that capillary density

progressively decreased with advancing CKD stage. The
authors observed structural alterations in the micro-
vasculature in parallel to arteriosclerosis in large and
medium-sized arteries in patients with CKD, which sup-
ports the usefulness of capillary density as a predictor of
CKD severity and the risk of cardiovascular events.

Independent of diabetes, sodium-glucose cotransporter-2
inhibitors (SGLT2is) have gained much attention in the
field of nephrology in recent times. Although SGLT2is were
originally introduced as antidiabetic agents, several studies
have shown that these drugs improved cardiovascular and
renal prognosis in patients with CKD [38–44]. The
mechanisms underlying SGLT2i activity include selective
inhibition of SGLT2 expressed in the S1 segment of the
proximal tubule, promotion of hypotensive activity, and
improvement of glucose metabolism. SGLT2is also
increase the quantity of sodium chloride delivered to the
macula densa of the distal tubule and correct glomerular
hyperfiltration by promoting contraction of the afferent
arteriole via the tubuloglomerular feedback mechanism,
which serves as a major contributor to the renoprotective
effects of SGLT2is (Fig. 4) [45]. Furthermore, SGLT2is
reduce adverse left ventricular remodeling and improve
systolic function by switching cardiac metabolism from
glucose consumption toward utilization of more energy-
producing ketone bodies, free fatty acids, and branched-
chain amino acids, which results in improved myocardial
energetics and efficiency [46, 47]. SGLT2i-induced sym-
pathetic nerve inhibition was shown to be a critical con-
tributor to the cardio-renal protective effects associated with
SGLT2is in some nondiabetic animal models [48, 49].
Compared with RASi monotherapy, combination therapy
using SGLT2is and RASis was effective and well tolerated
in patients with diabetes and could improve renal outcomes.
However, this therapeutic approach was associated with an
increased risk of hypoglycemia [50]. Kitamura et al. [51]
reported that pre-treatment administration of metformin

Fig. 4 Mechanisms by which
SGLT2 inhibitors might
improve cardiac and renal
function
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diminished the SGLT2i-induced reduction in eGFR, and
addition of RASi therapy restored this response. This study
highlights that SGLT2i-induced renal microvascular action
may be mediated predominantly by post-glomerular vaso-
dilatation as opposed to pre-glomerular vasoconstriction,
which has been considered the primary underlying
mechanism. Finally, the initial decrease in eGFR during the
early stages of SGLT2i therapy was a concern expressed by
several nephrologists, and Kohagura et al. (Supplementary
Information 4–4) showed that eGFR measured during the
chronic phase after luseogliflozin administration remained
stable regardless of the severity of the initial acute changes.

Obesity/diabetes

(See Supplementary Information 5)
Under the COVID-19 catastrophe, many people are

likely forced to face various health problems caused by
disordered eating habits and physical inactivity, leading to
overweight/obesity, hypertension, and metabolic syndrome.
At the same time, the baseline obesity/overweight and
impaired metabolic conditions are also associated with
adverse outcomes in patients infected with COVID-19 [52–
54]. There is now a renewed need to focus on the clinical
management of obesity/overweight and its association with
hypertension (Fig. 5). Thu et al. (Supplementary Informa-
tion 5–1) demonstrated a strong association between the
burden of visceral adipose tissue and systolic BP, inde-
pendent of serum levels of inflammatory markers, in midlife
Singaporean women. Intriguingly, among Japanese women,
a history of hypertensive disorders of pregnancy was sig-
nificantly associated with later development of hypertension
even in younger generations, and overweight/obesity unfa-
vorably enhanced that association [25]. Thus, it is obvious
that overweight/obesity incrementally increases the level of
BP and accelerates the risk of hypertension; this fact no
longer needs a reference. To adjust or maintain an indivi-
dual’s ideal body weight, it also goes without saying that

comprehensive lifestyle modification, including exercise
and diet, is essential. Regarding exercise-training, Clark
et al. sought to determine an optimal practical program for
reducing BP in men with overweight/obesity. They found
that a series of high-intensity interval training was more
effective for central and peripheral BP-lowering than was
moderate-intensity continuous training, and those effects
were more pronounced in overweight/obese subjects with
higher baseline BP [55]. On the other hand, a higher fre-
quency of alcohol consumption, which is also a current
socio-physical problem, was associated with higher inci-
dence of hypertension in nonobese men, but not women and
overweight/obese men [56]. Importantly, although the
relationship between alcohol intake and the development of
hypertension and cardiovascular events is not necessarily a
simple one [57–59], it is best not to drink, or for habitual
drinkers to try to stay sober regardless of overweight/obe-
sity and sex.

Type 2 diabetes (T2D) and hypertension synergistically
increase the risk of cardiovascular events and mortality.
Imai et al. investigated the impact of hypertension stratified
by diabetes status on the lifetime risk of cardiovascular
death using a Japanese cohort of the EPOCH-JAPAN study.
They found that hypertension and diabetes were associated
with a markedly increased lifetime risk in a synergistic
manner even at an earlier index age [60], suggesting the
importance of social awareness and prevention of these
factors from the younger generation. Thus, constant BP
measurement/monitoring and comprehensive clinical man-
agement of relevant risk factors, including hypertension, are
of importance especially in patients with T2D. Ushigome
et al. examined the predictive impact of BP values measured
at home on the first onset of major adverse cardiovascular
events in Japanese patients with T2D with no previous
history of CVD (KAMOGAWA-HBP study). They repor-
ted that a rise in morning systolic BP by 10 mmHg was
independently associated with an increased risk of devel-
opment of cardiovascular events (adjusted hazard ratio [HR]
1.14, 95% confidence interval 1.01 to 1.28), and HR in
patients with morning systolic BP ≥ 135 mmHg was
numerically larger than that in those with morning systolic
BP < 125 mmHg [61]. However, it has long been con-
troversial whether lower BP is associated with better out-
comes in patients with T2D, although BP-lowering of 10
mmHg was associated with apparent clinical benefits in
patients with T2D and baseline BP ≥ 140 mmHg [62]. On
the basis of previous meta-analyses and the expected benefit
on the risk of stroke in the Japanese population [63–65], the
current JSH guidelines recommend a BP of less than 130/
80 mmHg as a treatment target for OBP in patients with
T2D complicated with hypertension [66]. Generally, in
patients with hypertension complicated with atherosclerotic
cardiovascular disease (ASCVD), careful attention should

Fig. 5 Topics on obesity/diabetes
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be paid to the decrease in organ perfusion associated with
BP-lowering. Kai et al. examined whether lower BP levels
independently contributed to the incidence of cardiovas-
cular events in patients with T2D who underwent coronary
revascularization (CREDO-Kyoto cohort-1 registry). They
demonstrated that clinically-allowable levels of low BP
were not associated with an increased risk of ASCVD and
mortality [67], supporting the current clinical practice of
BP-lowering in patients with T2D recommended by the JSH
2019 guidelines [66].

Finally, we would like to briefly introduce some exciting
progress in exploratory and basic research in the area of
“Obesity/Diabetes”. Gelžinský et al. investigated how to
better depict the burden of advanced glycation end products
(AGEs) related to arterial stiffness. They revealed that skin
AGEs quantified by a noninvasive autofluorescence device
and its ratio to the circulating concentration of soluble
receptor for AGEs were strongly and independently asso-
ciated with increased arterial stiffness assessed as aortic
pulse wave velocity [68], suggesting that this simple
method is clinically useful to assess “vascular age” and/or
“vascular failure” [69]. Hirao et al. examined the effect of
pharmacological blockade of vacuolar type H+-ATPase (V-
ATPase) in a rat model of T2D. They newly found that
blockade of V-ATPase by bafilomycin inhibited renal
ammoniagenesis and gluconeogenesis and improved pan-
creatic insulin secretion and its sensitivity [70], shedding
light on the pathophysiological role of V-ATPase as a novel
therapeutic target in T2D. Heart failure is a common com-
plication in patients with T2D, and this pathological con-
dition requires novel therapeutic approaches beyond
glucose-lowering therapy [71]. Wang et al. focused on the
role of translocase of mitochondrial outer membrane 70
(Tom70) in the pathogenesis of diabetic cardiomyopathy.
They first revealed that genetic rescue of Tom70 expression

protected against mitochondrial dysfunction and improved
the cardiac phenotype of diabetic cardiomyopathy in db/db
mice [72], indicating that Tom70 may become an emerging
therapeutic target specifically for diabetic cardiomyopathy.

Hypertension management

(See Supplementary Information 6)
Given the importance of intensive BP treatment impli-

cated in recent clinical trials including SPRINT [73], it is
increasingly important to clarify how hypertensive patients
need to be managed in clinical practice. In this context,
recent studies have focused on the appropriate use and
interpretation of home BP (HBP) [74] including self-
measured BP (SMBP) and ambulatory BP (ABP), which
enables us to detect a high-risk population and reduce car-
diovascular risk [75–77]. We reviewed studies related to
HBP and hypertension management that were published on
hypertension research in 2020. The subjects of these studies
can be categorized into “evaluation of BP values”,
“assessment of cardiovascular risk”, and “treatment of
hypertension” (Fig. 6).

Regarding the evaluation of BP values, Kubozono et al.
(Supplementary Information 6–1) demonstrated that HBP was
significantly correlated with room temperature. Asayama et al.
(Supplementary Information 6–2) revealed the current status of
HBP and home pulse rate in relation to sex, age, and anti-
hypertensive treatment status in the Japanese general popula-
tion. Kadowaki et al. demonstrated that OBP measured with a
sufficient rest time (st-OBP) was comparable to HBP at the
population level [78]. Interestingly, smokers and obese men
taking antihypertensive drugs had higher HBP than st-OBP,
indicating that their BP levels are at risk of being under-
estimated. Gkaliagkousi et al. reported a novel method to detect

Fig. 6 Advantages of home BP
monitoring
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masked hypertension in individuals with normal OBP using a
combination of conventional brachial BP and aortic BP (central
BP) measured in the office [79]. Sheng et al. shed light on the
pathophysiology of BP and pulse variability in relation to the
autonomic nervous system, and demonstrated that individuals
with masked hypertension showed variability in BP and heart
rate, and baroreflex sensitivity similar to that in those with
sustained hypertension [80].

Regarding the assessment of cardiovascular risk, Ush-
igome et al. (Supplementary Information 6–3) demonstrated
that elevated morning BP is a future risk for cardiovascular
events in a Japanese retrospective cohort study of type 2
diabetic patients. Manousopoulos et al. (Supplementary
Information 6–4) showed that ABP variability was posi-
tively associated with LVMI in CKD patients. Ramoshaba
et al. (Supplementary Information 6–5) demonstrated that
masked hypertension was associated with retinal arteriolar
narrowing in young healthy adults.

Regarding the treatment of hypertension, HBP monitoring
has a beneficial effect on adherence and hypertension educa-
tion. Zhang et al. reported that HBP measurement improved
adherence and OBP control in a randomized controlled trial in
Chinese subjects with stage 2 and 3 hypertension [81].

Vallée et al. (Supplementary Information 6–6) reported
factors that improved adherence to antihypertensive treatment
in a cross-sectional study in the French general population
including elderly individuals. Nishimura et al. (Supplementary
Information 6–7) revealed that although adherence was rela-
tively high compared with that in Western countries, younger
age, female sex, antihypertensive drug class, comorbid condi-
tions, and types of medical institutions were associated with
relatively low adherence. Nishigaki et al. (Supplementary
Information 6–8) and Yoshida et al. (Supplementary Informa-
tion 6–9) examined the gaps in perspectives on hypertension
management between patients and physicians in the same
panel-based, cross-sectional, observational study in Japan, and
proposed a solution to the hypertension paradox. Nishigaki
et al. demonstrated that perception of the amount of education
provided by physicians on hypertension management was
lower in patients than in physicians. Yoshida et al. demon-
strated that, compared with specialist physicians, nonspecialists
were less likely to provide adequate guidance on lifestyle
modifications.

These reports support the importance of adequate HBP
monitoring to improve hypertension management and
reduce the risk of cardiovascular events and mortality.

Hypertension and frailty

(See Supplementary Information 7)
The relationship between frailty and hypertension has

been studied. Guidelines for the treatment of hypertension

in various countries show that older hypertensive patients
with frailty, especially impaired physical function and/or
activities of daily living (ADL), should be individually
evaluated for the target BP and the initiation of anti-
hypertensive medication [66, 82].

In Japan, the relationship between hypertension and
frailty has been investigated mainly using cohort or cross-
sectional studies. Here, we introduce three papers published
in Hypertension Research in 2020 and discuss the rela-
tionship between frailty and BP or cardiovascular risk.

In the SONIC study, an ongoing prospective cohort
conducted since 2010, the relationship between systolic BP
and physical frailty or cognitive function was examined in
groups aged 70 ± 1, 80 ± 1, and 90 ± 1 years (Supplemen-
tary Information 7–1). Lower systolic BP was associated
with a higher frequency of physical frailty in the 80-year-
old group, but not in the 70- and 90-year-old groups, in
subjects on antihypertensive medication; however, no
association was found in the groups without anti-
hypertensive medication. Besides, higher systolic BP was
associated with lower cognitive function in the 70-year-old
group, and lower systolic BP was associated with lower
cognitive function in the 90-year-old group in subjects on
antihypertensive treatment; however, no association was
found in the 80-year-old group on antihypertensive treat-
ment or all the groups without antihypertensive medication.
In another report, greater variability of systolic BP was an
independent risk factor associated with frailty status [83].
These results suggest the need to consider the pros and cons
of antihypertensive treatment individually to prevent frailty
and other geriatric syndromes in older adults.

In a cross-sectional study of the association between
cardiovascular risk profile and frailty in the Nambu Cohort
Study (mean age 78 years), 37% of cases of frailty were
diagnosed using the Kihon Checklist score (Supplementary
Information 7–2). For every 10 mmHg increase in systolic
BP, the risk of frailty decreased significantly by 17%.
Moreover, the total number of cardiovascular risk profiles
within the optimal range (systolic BP < 140/90 mmHg,
LDL-cholesterol < 100 mg/dL and BMI < 25 kg/m2) was
significantly associated with the risk of frailty. These results
suggest that a favorable cardiovascular risk profile, called
“reverse metabolic syndrome”, might be a risk for frailty.

Sarcopenia is an essential component of frailty, and
chronic diseases, including CVD, are a common cause of
sarcopenia. However, there has been little clinical evidence
on the mechanism of sarcopenia in patients with CVD. A
retrospective cross-sectional study in the Kyushu area
(mean age 72 years) showed an association among skeletal
muscle mass reduction, endothelial function, and markers of
advanced vascular damage in older patients with CVD
(Supplementary Information 7–3). Of cases of sarcopenia,
25.5% were diagnosed using the Asian Working Group for
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Sarcopenia criteria. Greater progression of arterial stiffness,
shown by a higher arterial velocity pulse index (AVI), and
more severe tissue damage, shown by a narrower bioelec-
trical phase angle (PA), were found in subjects with sar-
copenia. Both AVI and PA, as well as gender, age, and
presence of hypertension, were independently correlated
with skeletal muscle index. These results suggest that
advanced vascular damage, called “vascular aging”, may
contribute to the development of sarcopenia, possibly
through skeletal muscle tissue damage in patients
with CVD.

The risk of development of CVD, such as elevated sys-
tolic BP or BP variability, high LDL-cholesterol, and obe-
sity, should be controlled within the optimal range in non-
older or robust older adults; however, in frail older adults, a
favorable cardiovascular risk profile may act as an adverse
prognostic factor, and in addition, advanced vascular
damage is thought to be associated with sarcopenia.
Therefore, especially in older patients with a long duration
of hypertension or CVD, it is important to keep in mind that
strict control of risk factors may lead to a poor prognosis
through the progression of frailty. Therefore, it is strongly
recommended to consider whether to prioritize anti-
hypertensive treatment or frailty intervention based on the
evaluation of frailty status (Fig. 7) [84].

New chemiluminescent enzyme
immunoassays for aldosterone
measurement and nonsteroidal
mineralocorticoid receptor antagonists in
the diagnosis and management of primary
aldosteronism

(See Supplementary Information 8)
During 2020–2021, large numbers of papers regarding pri-

mary aldosteronism have been published in Hypertension
Research and other journals. It is recommended that the diag-
nosis of primary aldosteronism (PA) is performed in a step-
wise manner; screening, confirmatory testing and subtype
testing. The biggest topic in Japan is the discontinuation of the
previous radioimmunoassay for aldosterone measurement in
March 2021, and the launch of alternative new chemilumi-
nescent enzyme immunoassays (CLEIA) for aldosterone
measurement. Nishikawa et al. [85], Ozeki et al. [86], and
Teruyama et al. [87] demonstrated that the new CLEIA-plasma
aldosterone concentration (PAC) is almost equal to the value
obtained by LC–MS/MS; however, the CLEIA-PAC value was
shown to be lower than the old RIA-PAC value. Therefore,
these changes markedly affect PA diagnosis. The PA clinical
practice guidelines 2021 will soon be published by the Japan
Endocrine Society. When saline infusion test (SIT) is per-
formed for confirmatory testing, Yamashita et al. (Supple-
mentary Information 8–1) showed that shortened SIT (1 L
saline loading over 2 h) may be as useful as the standard SIT
(2 L saline loading over 4 h) with a cutoff value of 66 pg/mL.
In adrenal vein sampling, use of cosyntropin stimulation is
controversial; however, Yatabe et al. (Supplementary Infor-
mation 8–2) showed that it improved the judgment of suc-
cessful adrenal vein catheterization and outcome prediction.
Nishimoto et al. [88] showed that immunohistochemical
staining for aldosterone synthase revealed diverse PA pathol-
ogy, and hypokalemia (<2.82mEq/L) may independently
predict a small PA lesion. PA is a clinically important disease
because it is associated with a high prevalence of cardiovas-
cular complications, such as abdominal aortic calcification, skin
microvascular dysfunction, and microalbuminuria, as shown by
Tuersun et al. (Supplementary Information 8–3), Concistre
et al. (Supplementary Information 8–4), and Wang et al.
(Supplementary Information 8–5), respectively.

The next hot topic is the development of novel nonsteroidal
mineralocorticoid receptor (MR) antagonists, esaxerenone and
finerenone. Both MR antagonists showed high affinity as well
as high selectivity for MR. Esaxerenone was approved in Japan
in January 2019 for the treatment of hypertension. Ito et al. [89]
showed that esaxerenone had sufficient antihypertensive effects
and was well tolerated in hypertensive patients with moderate
kidney dysfunction (eGFR 30-60mL/min/1.73m2), as both
monotherapy and add-on therapy to a RAS inhibitor. Satoh

Fig. 7 Proposed management process for hypertension in frail older
adults. Cited from ref. [84]
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et al. [90] showed that esaxerenone is also a potent MR
antagonist with favorable efficacy and safety profile in patients
with hypertension and PA. Using a T2D mouse model, KK-
Ay, Arai et al. [91] showed that esaxerenone plus olmesartan
treatment ameliorated diabetic nephropathy without affecting
systolic BP. Similarly, Ito et al. [92] showed that adding
esaxerenone to existing RAS inhibitor therapy increased the
likelihood of albuminuria returning to a normal level, sug-
gesting renoprotective effects of esaxerenone in diabetic kidney
disease, but careful monitoring of serum K level is needed.
Bakris et al. [93] showed that administration of another non-
steroidal MR antagonist, finerenone, in patients with CKD and
T2D resulted in lower risk of CKD progression and cardio-
vascular events than with placebo (FIDELIO-DKD). Sarafidis
et al. [94] summarized mounting evidence from large outcome
trials suggesting that sodium-glucose cotransporter-2 (SGLT2)
inhibitors and MR antagonists can, apart from nephroprotec-
tion, offer significant cardioprotection in patients with CKD
(Fig. 8).

The last topic is the biology of MR activation in
hypertension. Yokota et al. [95] showed a repressive role of
CASZ1b in regulating MR-mediated transcriptional activ-
ity, as well as acting as a hypertension-associated protein.
Wu et al. (Supplementary Information 8–6) showed that
sodium butyrate, one of the end products of complex car-
bohydrates generated by the gut microbiota, ameliorated
deoxycorticosterone acetate/salt-induced hypertension, and
renal damage by inhibiting the MR/SGK1 pathway.

Risk of blood pressure variability in diverse
conditions

(See Supplementary Information 9)
A large number of previous studies have shown that

increased blood pressure variability (BPV) is associated

with risk of target organ damage and worse cardiovascular
outcome in the general, hypertensive and high-risk popu-
lations, independent of average BP level [96–106]. Gen-
erally, BPV has been classified into very short-term, short-
term, mid-term and long-term BPV according to the mea-
surement period. In 2020, Hypertension Research published
a paper about BPV in diverse conditions (Fig. 9). In the first
study, in acute ischemic stroke patients, high BP variability
measured in the supine position every 4 h during the first 24
h of admission was associated with an unfavorable outcome
within 30 days after onset (Supplementary Information
9–1). Alexandrou et al. compared short-term BPV assessed
by ABP monitoring (ABPM) in peritoneal dialysis (PD)
patients with hemodialysis (HD) patients (Supplementary
Information 9–2). The results showed that there was no
significant difference in short-term BPV between PD and
HD patients.

Manousopoulos et al. reported that short-term BPV
assessed by ABPM, but not mid-term BPV assessed by
HBP monitoring (day-to-day home BPV), was associated
with left ventricular mass index in CKD patients defined by
eGFR < 60 ml/min/1.73 m2 [107]. This result showed a
discrepancy with a previous study [108]. The reason may be
due to differences in the populations. The prevalence of
diabetes was 53.3% and 9% in the present and previous
study, respectively. For example, we previously reported
that increased day-to-day home BPV was associated with
reduced eGFR in individuals with diabetes, but not in those
without [109]. Although increased day-to-day home BPV
was associated with the risk of cardiovascular events
independent of average home BP level [96], further study is
needed to determine whether the clinical impact of day-to-
day home BPV is different in high-risk populations such as
individuals with diabetes or CKD or both.

Liu et al. reported that in pregnancy, increased long-term
BPV assessed by OBP measured from 20 weeks of

Fig. 8 Role of MR antagonists in primary aldosteronism and CKD
with and without diabetes. Esaxerenone and finerenone have been
developed as novel nonsteroidal MR antagonists. It is crucial to select
an appropriate MR antagonist (steroidal or nonsteroidal) according to
the disease state. Recent clinical trials showed that the combination of

a renin–angiotensin system (RAS) inhibitor and a sodium-glucose
cotransporter-2 (SGLT2) inhibitor with an MR antagonist may have
benefit for renoprotection as well as cardiovascular protection. Each
ref. number indicates the reference paper cited in the text
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gestation onwards was associated with poor birth outcomes
[110]. On the other hand, the association between the
maternal HBP trajectory and lower infant birth weight
showed a J-curve relationship [111]. Thus, even in preg-
nancy, management using office and out-of-office BP
measurement is important.

Another topic is whether masked and white-coat hyper-
tension, which are caused by BP variability between office
and out-office BP measurements, have different pathologi-
cal mechanisms, from the viewpoint of BPV, from sus-
tained hypertension. Sheng et al. reported that masked, but
not white-coat hypertension, showed a similar pattern of
change in BP and heart rate variability and baroreceptor
sensitivity assessed with a Finometer device to those in
sustained hypertension [80]. This result confirms the pre-
vious study results that masked hypertension exerted a risk
of poor cardiovascular outcome similarly to sustained
hypertension [112]. Although beat-to-beat BP measurement
is needed to estimate BPV accurately and reliably, there is
no validated and simplified device that is available to use in
clinical settings. In the future, the development of BP
monitoring is expected in this field [113, 114].

Uric acid

(See Supplementary Information 10)
Serum uric acid level is regulated by renal excretion,

extrarenal excretion in the gut and de novo synthesis in the
liver. These are affected by the genetic predisposition for
uric acid transporters (kidney and gut) and also by envir-
onmental factors. Hyperuricemia is the cause of gout and is
also closely associated with the development of hyperten-
sion (Fig. 10) [115, 116]. The mechanism by which uric

acid is involved in hypertension is assumed to be endo-
thelial dysfunction related to the crystal pathway (extra-
cellular uric acid) and crystal-independent pathway
(intracellular uric acid) [116].

Recently, a cross-sectional study in Japanese subjects
(n= 236,22) who underwent heath checkups demonstrated
a J-shaped association between serum uric acid level and
the prevalence of BP abnormalities (Supplementary Infor-
mation 10–1). It was also reported in Hypertension
Research that hyperuricemia was a risk for developing
hypertension independently of alcohol consumption (Saku
study) (Supplementary Information 10–2), and that elevated
serum uric acid level in subjects aged 12–13 years was
associated with elevated BP in young adults (Fig. 10)
(Supplementary Information 10–3). Some SNPs have been
reported to be involved in the increase in serum uric acid by
thiazide-like diuretics (Supplementary Information 10–4).
Taking these findings together, including those in previous
papers, it is well established that elevated serum uric acid
level is one of the risk factors for the subsequent develop-
ment of hypertension. On the other hand, elevated plasma
activity of xanthine oxidoreductase (XOR) was reported to
be associated with hypertension independently of uric acid
level (Supplementary Information 10–5). Since patients
with hyperuricemia comprise an etiologically hetero-
geneous population, there may be differences in its com-
plications such as hypertension, depending on the
subpopulation.

Fig. 9 Topics on blood pressure variability. BPV blood pressure
variability, CKD chronic kidney disease, HT hypertension

Fig. 10 Association of hyperuricemia with hypertension, gout, chronic
kidney disease (CKD) and cardiovascular disease (CVD). Hyperur-
icemia is known to be the etiological mechanism of gout. In recent
papers in Hypertension Research, elevated serum uric acid level was
reported to be a risk factor for subsequent development of hyperten-
sion. Furthermore, elevated serum uric acid level has been reported to
be associated with chronic kidney disease (CKD), and also potentially
with cardiovascular disease (CVD). Each ref. number indicates the
reference paper cited in the text
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In Hypertension Research 2020, papers on the associa-
tion of uric acid with CKD and CVD from cohort studies in
the Japanese general population such as BOREAS-CKD2,
CIRCS, and the Hisayama Study were published (Fig. 10)
[117–119]. Elevated serum uric acid level was associated
with a decline in renal function [117], was an independent
predictor of total strokes in women [118], and was a risk for
cardiovascular mortality [119]. The causality between
serum uric acid and stroke was taken up as a topic in
Hypertension Research (Supplementary Information 10–6).
Besides, serum uric acid level was high in adult patients
with congenital heart disease showing high brachial-ankle
pause wave velocity (baPWV) (Supplementary Information
10–7). Basic studies are needed to elucidate the mechanism
(s) of uric acid not only in hypertension but also in ather-
osclerosis. Accumulated evidence from epidemiological
studies suggests that hyperuricemia is also a risk factor for
CKD and CVD. However, the clinical significance of
intervention for serum uric acid in CKD and CVD remains
controversial. Further progress in clinical research is
expected in the near future.

Progress in translational research: basic
research

(See Supplementary Information 11)
Basic research plays important roles in the progress of

translational research (Fig. 11). First, in the heart, Peterson
et al. demonstrated the enhancing effects of caspase
recruitment domain family member 9 (Card9) on cardiac
fibrosis and hypertrophy using a transverse aortic

constriction model [120]. The authors previously reported a
protective effect against ischemia and reperfusion injury
through attenuation of acute inflammatory responses in
mice without the Card9 gene [121], indicating Card9 to be a
potential target in CVD [122]. On the other hand, another
Card family member, Card6, is reported to be a novel car-
dioprotective factor via negative regulation of mitogen-
activated protein kinase signaling [123]. “Cards” act as
different master cards in cardiac disease.

In the kidney, Natarajan et al. reported the effects of
acute hypoxia on renal epithelial cells, with enhanced
mitochondrial function [124]. Young spontaneously
hypertensive rats (SHR) show increased renal expression of
key proteins for mitochondrial biogenesis and hypoxia-
inducible factor (HIF)−1α compared to normotensive
Wistar Kyoto rats. Increased mitochondrial metabolism
could be a causal contributor to hypertension in SHR [125].
On the other hand, HIF-1α activation improves mitochon-
drial function in early CKD and has a beneficial effect on
renal function, with lowered mitochondrial oxygen con-
sumption [126]. Thus, the roles of HIF-1α have been
focused on in both hypertension and CKD. Moreover,
Kouyoumdzian et al. reported the effects of angiotensin II
on the renal dopaminergic system [127]. They presented a
clear schematic representation of this mechanism, showing
the association between dopamine D1-like receptor (D1R)
and angiotensin type 1 receptor (AT1R), focusing on the
counteraction of the effects of dopamine and angiotensin II
on sodium excretion. On the other hand, a role of the D1R
and angiotensin type 2 receptor (AT2R) interaction in
maintaining sodium ion transport has been reported [126].
Interestingly, AT2R stimulation was regulated by

Fig. 11 Topics in basic research. Each ref. number indicates the reference paper cited in the text
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angiotensin III. There are marked interactions between
dopamine receptors and angiotensin receptors. Morisawa
et al. demonstrated the beneficial effects of renal denerva-
tion on salt-sensitive hypertension by reducing its effects on
catabolism and cardiovascular energy expenditure [128].
Hypertension increases glucose utilization in cardiac muscle
prior to the development of structural changes [129]. Renal
denervation is expected to have not only BP-lowering
effects but also BP-independent cardioprotective effects,
with attenuation of the salt-derived catabolic state.

In the brain, Savic et al. (Supplementary Information
11–1) showed possible roles of vasopressin, with an
increase in gene expression of vasopressin and V1b receptor
in the hypothalamic paraventricular nuclei in borderline
hypertensive rats. Moreover, Cao et al. (Supplementary
Information 11–2) demonstrated that microinjection of
urotensin II, a polypeptide molecule with neurohormone-
like activity, into the rostral ventrolateral medulla increases
sympathetic vasomotor tone. Such vasoactive peptides have
also been highlighted in hypertension research to elucidate
the central regulation of BP.

Jackson et al. (Supplementary Information 11–3)
demonstrated that neural suppression of miRNA-181a in the
kidney increases renin expression, resulting in exacerbation
of hypertension in BPH/2J mice. Moreover, Zhang et al.
(Supplementary Information 11–4) showed that an
increased circulating level of miR-122 could be a potential
risk factor for endothelial dysfunction in young hyperten-
sive mice. MicroRNAs have been highlighted as future
clinical biomarkers and therapeutic tools in hypertension.

Finally, Steppan et al. reported mouse strain-dependent
differences in key vascular stiffness indices among inbred
mouse strains such as C57BL/6J, 129S, and BL6/129S
[130]. These baseline data may contribute to future animal
studies in hypertension research. Moreover, much promis-
ing basic research has been reported in Hypertension
Research. See Supplementary Information.
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