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Abstract

We theoretically know that metabolic disorders, including overweight/obesity, insulin resistance, diabetes, dyslipidemia, and
relevant tissue/organ damage, play a critical role in elevating blood pressure and developing hypertension. However, staying
abreast of the ever-evolving and current research on the various metabolic disorder topics is difficult. At the same time, as
hypertension in childhood and adolescence is attracting significant attention globally, it is becoming increasingly evident that
metabolic disorders exert an important role in its pathogenesis. In order to effectively prevent hypertension, it is essential to
appropriately approach metabolic disorders, and importantly, this approach must be practiced continuously throughout all
generations. Thus, focusing on metabolic disorders is the first and essential step in effectively managing and preventing
hypertension. In this Mini-Review, we introduce cutting-edge research findings on “Metabolism,” published in 2023 by
Hypertension Research, and discuss relevant topics and therapeutic and future perspectives.
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Introduction

Metabolic disorders, including obesity, diabetes, and dys-
lipidemia, are foundational pathogenesis of metabolic syn-
drome (MetS) and cardiovascular diseases (CVD). Also,
such metabolic disorders are closely associated with
increased blood pressure (BP) and hypertension in con-
junction with insulin resistance, chronic inflammation, and
vascular failure [1, 2]. Therefore, prevention and treatment
strategies against these conditions should be widely
implemented over generations. However, there are still
insufficient countermeasures, and the incidence of meta-
bolic disorder-related disease conditions, including CVD
and even cancer [3], is expected to continually increase
globally. Updating the ever-evolving research on metabolic
disorders and accelerating further research and its applica-
tion to clinical practice is urgently required. In this Mini-
Review, we introduce cutting-edge research findings on
“Metabolism” published in 2023 by Hypertension
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Research, the official journal of the Japanese Society of
Hypertension, and discuss relevant topics and perspectives
(Fig. 1). Each section is divided into three parts: an over-
view of each topic related to metabolism, an introduction of
research papers recently reported in Hypertens Res, and a
therapeutic perspective based on recent evidence.

Overweight/obesity

The prevalence of overweight/obesity has reached a pan-
demic level globally, imposing substantial medical, eco-
nomic, and social burdens [4]. Overweight/obesity is
characterized by accumulated visceral fat and various
metabolic alterations, contributing to the hypertensive state
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Fig. 1 (Graphical Abstract). Positioning of metabolic disorders in
hypertension and cardiovascular disease

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-024-01737-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-024-01737-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-024-01737-0&domain=pdf
mailto:tanakaa2@cc.saga-u.ac.jp

A. Tanaka, K. Node

Graphical Abstract

v I— Upstream hypertension prevention!

Hypertension

Cardiovascular disease

and the risk of subsequent CVD [5, 6]. It is therefore
urgently required to identify at-risk individuals with over-
weight/obesity early to facilitate appropriate interventions
[7].

Kawasoe et al. [8] investigated which anthropometric
indices, including body mass index (BMI), waist cir-
cumference (WC), body roundness index (BRI), and body
shape index, predict the future incidence of hypertension in
the Japanese general population by sex and age categories.
Among those indices, BMI, WC, and BRI were similarly
associated with the study outcome; they were more pro-
minent in women and the younger generation (30s and
40s). At the same time, Ishida et al. [9] reported that
visceral fat and the anthropometric indices were also posi-
tively associated with the presence of individual compo-
nents of MetS, including hypertension, hyperglycemia, and
hyperglycemia in a cohort of community-based participants
receiving health checkups. Interestingly, Wu et al. [10]
investigated the association between menopausal age and
BP levels and the mediating effects of obesity indices in a
population-based cohort of female residents from Guangz-
hou. The authors found that older age (50 years or more)
was positively associated with higher BP levels, which was
modestly mediated by several obesity indicators, such as
BMI and WC. Their findings suggest that prolonged
estrogen exposure promotes visceral fat accumulation and is
partially responsible for menopausal hypertension. This
potentially contributes to the women’s health promotion for
hypertension, according to the menopause information. In a
study by Fukumine and Nakamura [11], noting that the
Okinawa Prefecture has one of the highest obesity percen-
tages in Japan, the authors conducted a cross-sectional study
examining the association between obesity and hyperten-
sion among residents of Yonaguni Island, a remote island of
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Okinawa. Among the residents analyzed, 54.3% of men and
32.3% of women had obesity with a BMI of 25 kg/m?> or
higher. Furthermore, among the people with hypertension,
49.5% of men and 37.9% of women were obese. Although
Japan is generally considered to have a lower rate of obesity
compared with the Western population, their findings sug-
gest the need to promote quality health care for obesity and
obesity-related diseases even in Japan according to the
local-specific characteristics.

Overweight/obesity is a major culprit for the risk of
hypertension and CVD events. Lifestyle modification is an
essential part of prevention and therapy. Aerobic exercise
alone or in combination with resistance training is favorable
for improving the CVD risk profile, including BP, in people
with overweight/obesity [12]. However, lifestyle modifica-
tion alone is often insufficient to improve the condition and
reduce the risk of relevant cardiovascular events. Given the
degree of body weight reduction from bariatric surgery
(20% or more) and its apparent beneficial effect on cardi-
ovascular mortality [13], it is reasonable to assume that anti-
obesity medications with greater weight-loss effects may be
useful in reducing the risk of CVD events [14]. In this
context, glucagon-like peptide-1 receptor agonist (GLP-
IRA) and tirzepatide, a novel dual agonist of glucose-
dependent insulinotropic polypeptide and GLP-1 receptor,
have demonstrated a substantial body weight reduction in
people with overweight/obesity [15—18]. Several large-scale
randomized clinical trials with GLP-1RA and a systematic
review and meta-analysis showed a significant risk reduc-
tion in cardiovascular events and mortality [19, 20]. More
recently, GLP-1RA (semaglutide) therapy proved to be
clinically effective for improving the symptoms and phy-
sical limitations in patients with heart failure with preserved
ejection fraction and obesity [21]. This sheds light on the
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potential therapeutic role of GLP-1IRA in this patient
population [22].

Diabetes

Diabetes and hypertension often coexist and enhance the
risk of CVD events synergistically. Approximately 50% of
patients with diabetes have hypertension, and 20% of
patients with hypertension have diabetes in Japan. The risk
of CVD events increases by three to six-fold in patients with
both conditions compared with people without [23]. In a
recently reported cohort study of 590,000 Japanese indivi-
duals, the incidence of CVD events rose with increasing
systolic and diastolic BP levels, regardless of diabetes status
[24]. Therefore, better BP control is essential for cardio-
vascular and renal protection in patients with diabetes or
prediabetes. At the same time, it is also necessary to dis-
tinguish the patients at risk and intervene via a patient-
centric approach [25].

Suzuki et al. [26] assessed the impact of diabetes status,
such as diabetes and prediabetes, and BP on the risk of
CVD events using the Japan Morning Surge-Home Blood
Pressure study dataset. The authors found that prediabetes is
potentially associated with the risk of future CVD events,
while diabetes predicts it. Additionally, elevated systolic BP
at the office and home imposed a risk of future CVD events
in diabetes but not prediabetes. Their findings indicate that
we should recognize that prediabetes is already a risk for
CVD events, but it is also a requisite to determine potential
factors other than BP to mediate that risk. Insulin resistance
and hyperinsulinemia are primary pathologies of obesity,
prediabetes, and diabetes. They contribute to BP elevation
via several adverse actions, such as increased renal sodium
reabsorption and fluid retention, vascular remodeling, and
sympathetic tone activation [27]. Among the indices of
insulin resistance is the triglyceride-glucose (TyG) index, a
parameter composed of fasting triglyceride and fasting
plasma glucose, which is strongly associated with the risk of
incident hypertension and CVD events in the general
population [28-33]. Miao et al. [34] tested whether the
association between individual TyG-related parameters,
including TyG-BMI, TyG-WC, TyG-waist-to-hip ratio
(TyG-WHR), and TyG-waist-to-height-ratio and the pre-
sence of hypertension and 10-year atherosclerotic CVD
(ASCVD) risk differ in residents from a community in
Beijing, China. Among TyG-parameters, TyG-WC and
TyG-WHR exhibited a superior ability to distinguish the
patients with hypertension and those with high 10-year
ASCVD risk status, respectively. Their findings highlight
the need for longitudinal studies using those parameters in
the Asian population, especially in a primary care setting.
Sakoda et al. [35] examined whether the TyG index predicts

the risk of chronic kidney disease (CKD) onset in Japanese
middle-aged men. The authors found that the TyG index
was a more stable indicator of the outcome than individual
components of the index. This predictive ability was con-
sistent across BP categories, such as normotensive, hyper-
tensive, isolated systolic, or diastolic hypertensive status.
Thus, the TyG index, initially recognized as an indicator of
insulin resistance, has recently emerged as a clinically
important predictor of cardiovascular and renal event risk.

Several clinical questions exist concerning BP control in
diabetes, e.g., target BP threshold and how to reduce BP to
improve the prognosis in patients with diabetes [36]. In this
context, two glucose-lowering agents, sodium-glucose
cotransporter 2 inhibitor (SGLT2i) and GLP-1RA, have
modest but significant BP-lowering effects and proven
benefits for cardiovascular and renal events [37]. Those
agents potentially reduce BP via direct and indirect
approaches to the key pathophysiology of diabetes-related
hypertension, such as attenuation of sodium reabsorption
and body weight reduction [36]. According to our experi-
ence, in a sub-analysis of a randomized clinical trial [38],
SGLT2i ipraglifiozin therapy modestly reduced systolic BP
over 24 months in patients with type 2 diabetes who had
been receiving standard therapy for type 2 diabetes and
relevant comorbidities including hypertension. Interest-
ingly, the BP reduction was positively correlated with the
degree of weight loss, suggesting that weight loss was, at
least in part, responsible for the BP reduction after initiating
SGLT2i therapy. Furthermore, in another sub-analysis of a
placebo-controlled trial for patients with type 2 diabetes and
established CVD, we found that 24 weeks of SGLT2i
empagliflozin therapy modestly but significantly reduced
systolic/diastolic BPs and mean arterial pressure. The sys-
tolic BP reduction was almost consistent across background
clinical features and usage status of conventional anti-
hypertensive medications [39]. Thus, the glucose-lowering
agents that have the combined effect of weight loss and BP-
lowering will attract more attention for better BP control
with the idea of preventing cardiovascular and renal dis-
eases in overweight/obesity and diabetes.

Dyslipidemia and related liver diseases

Dyslipidemia is an established risk factor of CVD, and
metabolic  dysfunction-associated fatty liver disease
(MAFLD) has also recently been proven to be associated
with diverse CVDs, including ASCVD, heart failure, and
arrhythmia [40, 41]. Although there have been numerous
studies on low-density lipoprotein (LDL)-cholesterol con-
cerning dyslipidemia, knowledge is limited with respect to
other lipid indices, including triglycerides. At the same
time, cardiologists, including ourselves, are still not fully
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knowledgeable about MAFLD and its relationship with
hypertension and CVD. Apart from LDL-cholesterol, those
issues may represent residual CVD risk factors, which we
need to address in the next decade.

Ishida et al. [42] investigated whether serum triglyceride
levels could predict the development of hypertension
among the general Japanese population. The authors found
that high triglyceride levels, irrespective of fasting or non-
fasting sampling, were associated with the outcome in men
but not in women, highlighting a potential need for a sex-
specific approach for clinically managing hypertriglycer-
idemia. Although the precise mechanisms underlying this
association remain to be fully determined, the authors dis-
cussed the hypertriglyceridemia-induced alteration of LDL-
cholesterol into an atherogenic one, namely small dense
LDL (sdLDL), and its adverse effects on arterial function
and construction as one of the mechanisms [42]. In this
context, Tanaka et al. [43] reported that among relevant
lipid profiles, sdLDL-cholesterol, calculated by the Samp-
son equation [44], was the most powerful predictor of new-
onset hypertension over 10 years in the Japanese general
population. Moreover, Uemura et al. [45] examined the
association between a novel indicator of dyslipidemia
triglyceride-to-high-density lipoprotein-cholesterol (TG/
HDL-C) and the risk of incident CVD and end-stage kidney
disease (ESKD) in patients with biopsy-proven diabetic
nephropathy. They concluded that the TG/HDL-C ratio was
independently associated with the risk of incident CVD but
not ESKD, suggesting its different impact on cardiovascular
and renal outcomes. Regarding relevant fatty liver diseases,
Wu et al. [46] found that the calculated fatty liver index [47]
could predict the risk of hypertension onset in the Japanese
general population irrespective of diabetes status. Further-
more, Mori et al. [48] demonstrated that MAFLD enhanced
the temporal increase in systolic BP over 10 years, com-
pared with individuals without fatty liver and even those
with ultrasonography-proven nonalcoholic fatty liver dis-
ease (non-metabolic disorder features). These studies
highlight the importance of further research collaboration
with hepatologists in the areas of hypertension and
cardiology.

Fibrates effectively modify atherogenic lipid profiles,
including lowering serum triglyceride levels. In contrast, the
impact of fibrates on the risk of cardiovascular events has
been controversial for a long time [49, 50]. In a recent large-
scale randomized clinical trial with a newer fibrate pema-
fibrate for patients with type 2 diabetes and hyper-
triglyceridemia (the PROMINENT trial), pemafibrate
therapy, compared with placebo, did not reduce the inci-
dence of cardiovascular events, despite improving athero-
genic lipid profiles [51]. On the other hand, a more recent
case-control study showed that fibrate use was associated
with a reduced risk of cardiovascular events in Japanese
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people with CKD [52]. Given the potential benefit of
fibrates on albuminuria [53], fibrate-mediated lipid mod-
ulation may be a promising therapeutic target in patients
with CKD [54]. Finally, there is accumulating evidence on
the beneficial effects of SGLT2i and GLP-1RA on relevant
liver diseases, including MAFLD and even liver cancer
[55-59]. This potentially underpins the expansion of these
agents into therapeutic advantages across organs.

Hypertension in the young generation

An epidemiology study revealed a global trend of the
increasing prevalence of pediatric hypertension during the
past two decades [60]. Hypertension in childhood and
adolescence is often related to obesity and suboptimal
lifestyles, leading to target organ damage and the develop-
ment of cardiovascular and renal diseases in adulthood
[61, 62]. However, these facts are still underrecognized, and
further academic and public efforts are urgently and glob-
ally warranted to better identify young individuals with
hypertension, optimize their BP levels, and improve their
future prognosis [63].

Li et al. [64] showed that disturbed levels of adipokines,
including leptin, were associated with hypertension in
young Chinese individuals, and the association was sub-
stantially mediated through obesity-related insulin resis-
tance. Van Niekerk et al. [65] also demonstrated that 24-h
ambulatory BP was positively correlated with the serum
leptin level in young African adults with overweight/obe-
sity, indicating a central role of adiposity in the elevation of
BP during youth. Cui et al. [66] examined the longitudinal
impact of weight change trajectories on BP levels and the
incidence of hypertension in Chinese adolescents. The
authors showed that weight gain over time and persistent
overweight/obesity enhanced the risk of the endpoints,
while weight loss reduced it. These findings strongly sup-
port the importance of earlier management of overweight/
obesity to optimize BP in childhood and adolescence and
reduce the risk of cardiovascular and renal events in
later life.

Importantly, the evidence on accurate screening for high
BP and long-term health outcomes after BP screening and
intervention in childhood and adolescence is still incon-
clusive [67]. Nevertheless, the prevalence of hypertension
in that generation is rising in the United States, China, and
South Korea [68—70]. Moreover, a recent systematic review
and meta-analysis revealed that the prevalence of masked
hypertension (MH) in the general pediatric population was
10.4% (95% confidence interval, 8.0-12.8%), being accel-
erated by the risk of conditions such as CKD. Children
diagnosed with MH had more evident subclinical cardio-
vascular risks, including left ventricular hypertrophy and
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increased arterial stiffness [71]. However, little is known
about the current BP situation in childhood and adolescence
in Japan. In a pilot study attempting to assess this issue, we
found that the prevalence of hypertension in a junior and
senior high school in Saga Prefecture, Japan, was 8.7% in
junior high school students and 6.2% in senior high school
students [72]. To measure and manage their BP appro-
priately, it is essential to spread knowledge and awareness
about BP, especially at schools and in the community.

Conclusion

We herein introduced the recent progress of hypertension
research in the area of metabolic disorders. Along with
advances and developments in the treatment of hyperten-
sion, the importance of hypertension prevention throughout
all generations is expected to increase. In this context,
focusing on metabolic disorders is the first and essential
step in effectively preventing hypertension. Finally, we will
meet in the early autumn and learn about the latest updates
in hypertension science, including anti-hypertensive meta-
bolic modulations and social prevention of hypertension, at
the Annual Scientific meeting of the Japanese Society of
Hypertension held in Fukuoka, Japan [73].
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