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Abstract
Hypertension is a major global health issue that contributes significantly to cardiovascular morbidity and mortality. The
management and prevention of hypertension often involve nutritional and dietary modifications, which are considered
effective non-pharmacological strategies. In 2023, the Hypertension Research published several papers highlighting nutrition
and hypertension. In addition, multiple studies published in leading journals explored the relationship between salt intake
and blood pressure (BP) in 2023. In this mini-review, we summarize the key findings of nutritional studies published in the
Hypertension Research in 2023. This mini-review also highlights significant findings from the latest research on salt intake
and its impact on BP. The new findings from nutritional studies will provide deeper insights on planning dietary strategies
for the management of hypertension.
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Update on Nutrition and Hypertension: from
the Hypertension Research in 2023

Recent studies have suggested a potential correlation between
various micronutrients and the risk of hypertension. Among
these, the relationship between magnesium intake and risk of
hypertension was reported in 2023 [1]. Although the literature
on the association between magnesium consumption and
lifestyle-related diseases is relatively sparse, Han et al. exam-
ined the association between magnesium intake, assessed
through 24-hour dietary recall, and the prevalence of hyper-
tension, diabetes, and dyslipidemia using data from NHANES
2007–2018, a nationally representative cross-sectional survey
of health in the United States corresponding to 34,700 adult
participants [1]. Their analysis revealed an inverse relationship
between magnesium intake and prevalence of all three condi-
tions. Notably, individuals in the highest quintile of magnesium
intake exhibited a 34% reduction in the prevalence of

hypertension compared with those in the lowest quintile (odds
ratio [OR] 0.66, 95% confidence interval [CI] 0.51–0.87,
P trend < 0.001) [1]. As, meta-analyses of previous randomized
controlled trials (RCTs) have also suggested a blood pres-
sure (BP)-lowering effect of magnesium supplements, particu-
larly in high-quality RCTs with an increase in serum
magnesium levels followed by magnesium supplementation
[2], this evidence suggest causal relationship between magne-
sium intake and the reduction of BP. The mechanism of the
BP-lowering effects of magnesium is uncertain. However,
extracellular Mg2+ has been reported to inhibit capacitative
Ca2+ entry into vascular smooth muscle cells, which may
determine vascular contractility and modulate BP [3]. Also,
potential antihypertensive effect of magnesium by the mod-
ulation of vascular smooth muscle cell function, reduction in
peripheral vascular resistance, and antioxidant effects have been
reported [4–6].

As one of micronutrients, the relationship between vitamin
E intake and hypertension was also explored [7]. Vitamin E
is predominantly found in plant-based foods such as nuts,
vegetable oils, and certain fruits and vegetables, as a lipid-
soluble antioxidant essential for human health. It has been
postulated that vitamin E may support or enhance vascular
endothelial function through various mechanisms [8, 9].
Supporting this hypothesis, a previous meta-analysis of 18
RCTs involving 839 participants indicated that vitamin E
supplementation was associated with a reduction in systolic
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blood pressure (SBP) [10]. However, it is important to note
that these RCTs primarily investigated the effects of short-
term and high-dose vitamin E supplementation (80 to
1206mg/day and intervention durations ranging from 3 to
48 weeks), with substantial heterogeneity across studies
(I2= 94.0%, P < 0.001) [10]. In a more extensive study,
Zhang et al. examined the long-term association of vitamin E
intake and hypertension using data from the China Health
and Nutrition Survey, which included 12,177 participants
(mean age, 41.2 ± 14.2 years) [7]. Vitamin E intake was
assessed using a 24-hour dietary recall method and a median
energy-adjusted dietary vitamin E intake was 27.5mg/day
interquartile range (IQR) : 20.3–37.5mg/day) [7]. During a
median follow-up of 6.1 years, 4269 individuals developed
hypertension. The analysis revealed a J-shaped relationship
between vitamin E intake and the risk of developing hyper-
tension, even after adjusting for other major nutrients or
major food groups, including vegetables, fruits, legumes,
grains, nuts, and vegetable oils. Participants in the lowest
quintile of dietary vitamin E intake (< 18.75 mg/day)
exhibited a significantly higher risk of developing hyper-
tension than those in the second to fourth quintiles (18.75 to
< 40.53 mg/day), with an adjusted hazard ratio (HR) (95%
CI) of 1.40 (0.51–0.87). On the contrary, participants in the
highest quintile of dietary vitamin E intake (≧ 40.35 mg/day)
revealed a significantly higher risk of developing hyperten-
sion compared to those in the second to fourth quintiles

(adjusted HR 1.18, 95% CI 1.09–1.29) [7]. Although the
precise mechanisms are not yet fully understood, these
findings are biologically plausible. Vitamin E, a potent per-
oxyl radical scavenger, mitigates oxidative stress, improves
endothelial function, and increases the production of vaso-
dilatory prostanoids prostaglandin I2 and E2 [11, 12].
However, high doses of vitamin E may have pro-oxidant
effects, impair endothelium-dependent arterial relaxation, and
disrupt the balance of antioxidant systems, potentially
increasing susceptibility to oxidative damage [13–15].
Therefore, maintaining optimal dietary vitamin E intake
levels could lead to the prevention of hypertension.

Polyphenols, particularly resveratrol (RES), a compound
abundant in berries, grapes, rhubarb, and peanuts, have been
suggested to possess cardiovascular protective effects. Although
animal studies have demonstrated the cardiovascular benefits of
RES [16–18], evidence in humans has been limited. Zueng et al.
conducted a study on 80 hypertensive patients to investigate
whether supplementation with 400mg RES could offer addi-
tional benefits over conventional therapy in preventing cardiac
remodeling [19]. After six months, the RES group exhibited
smaller left atrial size, lower E/e ratio, higher left ventricular
global longitudinal strain, and reduced biomarkers of cardiac
fibrosis (procollagen type I C-peptide and galectin-3) compared
to the control group (no RES supplementation with standardized
antihypertensive therapy alone) [19]. However, no significant
differences in left ventricular structure, arterial stiffness, or BP

1472 C. Matsumoto

Graphical Abstract



were observed between the groups [19]. Given that left ven-
tricular hypertrophy and myocardial fibrosis induced by
hypertension are key risk factors for heart failure, further
research is warranted to explore the potential benefits of RES in
improving outcomes in patients with hypertension.

In addition to micronutrients, dietary patterns are
important elements of a healthy diet. A longitudinal study in
China investigated the relationship between dietary patterns
and the incidence of hypertension among Chinese adults
between 1991 and 2018. Using data from the China Health
and Nutrition Survey, researchers identified various dietary
patterns through factor analysis and assessed their impact on
hypertension [20]. Key findings indicated that modern
patterns, rich in fruits, dairy products, cakes, cookies, and
pastries, were associated with a decrease in SBP (adjusted
β=−0.51; 95% CI −0.86 and −0.16; P < 0.01) [20].
Conversely, the meat pattern: unhealthy dietary patterns
with high loadings of poultry, organ meats and other live-
stock meat, were positively associated with increased in
diastolic blood pressure (DBP) (adjusted β= 0.31; 95% CI
0.08–0.53; P < 0.01) and risk of hypertension (adjusted OR
1.14, 95% CI 1.03–1.24) [20]. Furthermore, the southern
pattern, rich in rice, vegetables, and pork, which is the
predominant dietary pattern in China, did not significantly
affect BP or the risk of hypertension [20]. Over the last
several decades, dietary pattern has been dramatically
changing and meat consumption has been increasing in East
Asia, not only in China, but also in Japan [21, 22]. Not only
that, despite continuous efforts in the prevention and man-
agement of hypertension, the global number of hypertensive
patients has doubled between 1990 and 2019 [23]. Since the
relationship between nutrition and hypertension is influ-
enced by changes in dietary habits and disease structures, it
is necessary to evaluate and develop healthy dietary patterns
that practically fit the times and the region.

Salt reduction is an important nonpharmacological
treatment for hypertension, and initiatives to reduce salt
intake have been implemented worldwide. However, salt
consumption in the world remains high, and no study
evaluated the public interest in salt reduction by analyzing
Internet research activity. Suzuki et al. explored how the
Japanese public’s attention to salt reduction has changed
over time by analyzing Google Trends [24]. This study
retrospectively analyzed data from Google Trends from
2004 to 2021. The research found that the relative search
volumes (RSVs) for “salt reduction” significantly increased
in 2021 compared to 2004 (13.8 ± 9.3% to 70.8 ± 10.9%,
r= 0.92, P < 0.001) [24]. Analyzing large amounts of real-
time Internet research activity could provide valuable
insights for designing more effective public health inter-
ventions aimed at increasing awareness and promoting salt
reduction. In addition to this study, numerous other sig-
nificant studies on salt intake and BP were published in

high-impact international journals in 2023. The findings are
introduced in the following sections.

Salt intake and blood pressure research
findings reported in 2023

Several unique interventional studies that examined the
impact of salt reduction on BP change have been reported in
leading journals. Although reducing salt intake is generally
recommended to lower BP, variability in individual
responses makes personalized treatment challenging. The
concept of salt sensitivity of BP (SSBP) refers to a phy-
siological condition in which an individual’s BP fluctuates
significantly in response to changes in dietary sodium intake
[25]. Individuals with SSBP experienced a marked decrease
in BP when sodium intake was reduced and an increase in
BP when sodium intake was increased. This phenomenon
highlights the variability in the effects of sodium on BP
among different individuals. It has been reported that
around 50% of individuals with hypertension and 25% of
those without hypertension exhibit SSBP [25, 26]. None-
theless, most studies have examined the effects of salt
reduction on BP management, excluding those on anti-
hypertensive medications; thus, the benefits of sodium
reduction in such populations uncertain. Gupta et al. per-
formed a crossover trial that investigated the impact of
dietary sodium intake on BP among middle-aged to elderly
adults, including those with normotension, controlled
hypertension, uncontrolled hypertension, and untreated
hypertension [27]. This crossover study involved 213 par-
ticipants aged 50 to 75 years who followed high-sodium
(adding 2200 mg/day sodium to the usual diet) and low-
sodium (total 500 mg /day) diets for one week each. The
results indicated that reducing dietary sodium significantly
lowered BP, regardless of hypertension status or anti-
hypertensive medication use [27]. Moreover, this finding
was not altered across all subgroups (age, sex, race, baseline
BP, diabetes, and body mass index) [27]. The median
change in mean arterial pressure within individuals between
high- and low-sodium diets was 4 mm Hg (IQR, 0–8 mm
Hg; P < 0.001), and 73.4% of participants experiencing a
reduction in mean arterial pressure on a low-sodium diet.
Furthermore, this study did not report excess adverse events
[27]. The results of this study suggested that the reduction
in BP achieved through dietary sodium reduction was
similar to that of a commonly prescribed first-line anti-
hypertensive drug, regardless of antihypertensive medica-
tion use across subgroups.

Another study investigated the impact of a community-
based intervention to reduce salt intake by educating home
cooks in China [28]. Conducted as a cluster-RCT, the study
included 60 communities across six provinces, with
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interventions lasting 12 months [28]. A total of 30 commu-
nities with 786 participants were allocated to the intervention
group, and 30 communities with 790 participants were allo-
cated to the control group. Participants in the intervention
group received supportive environments for salt reduction,
educational sessions, and salt intake monitoring. The control
group did not receive any interventions. The main outcome
was the change in salt intake measured by 24-hour urinary
sodium excretion [28]. Results showed a significant reduction
in urinary sodium excretion in the intervention group by
336.8 mg/day (95% CI 127.9–545.7), equivalent to salt
intake of 0.9 g/day, compared to the control groups, along
with reductions in systolic and diastolic BP by 1.98 mm Hg
(95% CI−3.54 and−0.41) and 1.05 mm Hg (95% CI−2.01
and −0.10), respectively. The intervention also improved
participants’ knowledge, attitudes, and behaviors regarding
salt reduction [28]. This study presents novel scientific evi-
dence regarding the role of home cooks in salt reduction
interventions, with the potential for broad application in
China and other countries, where home cooking constitutes a
significant source of salt intake.

Salt substitution has attracted substantial attention as a key
strategy for salt reduction. The latest meta-analysis results on
the cardiovascular disease prevention effects of salt sub-
stitution were reported [29]. This meta-analysis examined the
long-term (≥ 6 months) effects of salt substitution (potassium-
enriched, sodium-reduced salt substitutes: regardless of any
sodium to potassium ratio) on cardiovascular outcomes by
synthesizing data from 16 RCTs. Findings revealed that salt
substitute may reduce risk for all-cause mortality with rate
ratio (RR) of 0.88 (95% CI 0.82–0.93) and cardiovascular
mortality with RR of 0.83 (95% CI 0.73–0.95). These risk
reductions correspond to 5 (95% CI 3–7) fewer all-cause
deaths per 1000 participants per year and 3 (95% CI 1–5)
fever CVD deaths per 1000 participants per year with a
higher-than-average baseline CVD risk. Nonetheless, all
included RCTs to evaluate the preventive effects of salt
substitutes on all-cause mortality and CVD mortality were
performed in China or Taiwan, and all included populations
of older age (mean 64 years) and/or with a higher-than-
average risk for CVD [29]. Therefore, the indirectness of the
results was very serious, and this fact lowered the certainty of
evidence to low, as assessed by the Grading of Recommen-
dations Assessment, Development and Evaluation (GRADE)
approach (high, moderate, low, or very low certainty) [30].
They also revealed that salt substitution significantly reduces
SBP and DBP by 5.12 mmHg and 1.56 mmHg, respectively
[29]. However, the certainty of evidence was very low and
the results showed substantial heterogeneity (I2; 60–81%),
which can be partly explained by the age of the participants,
follow-up duration, and percentage of potassium chloride in
the salt substitute [29]. Regarding the risk of adverse events,
evidence remains highly uncertain about the impact of salt

substitution on serious adverse outcomes or harm (RR 1.04,
95% CI 0.87–1.25, I²= 21%; evidence of very low certainty)
[29]. Although the grade of the evidence supporting the
mortality-reducing effects of salt substitution is not high,
particularly among Western populations, this study suggests
that salt substitution represents a promising and scalable non-
pharmacological intervention that could reduce mortality,
especially among populations such as those adhering to an
East Asian diet or those at a high risk for CVD.

Regarding the cost-effectiveness of salt substitutes, the
Salt Substitute and Stroke Study (SSaSS) provided evidence
that salt substitutes are both effective and cost-saving in
reducing the risk of major CVD events and all-cause mor-
tality among individuals at high CVD risk [31, 32]. However,
no evidence exists regarding the health benefits and cost-
effectiveness of salt substitution, specifically for older adults
in elderly care residential facilities. A cluster randomized
study evaluated the cost-effectiveness of using salt substitutes
(consisted of 62.5% sodium chloride, 25% potassium chlor-
ide, and 12.5% dried food ingredients) and implementing
salt-supply restrictions in elderly care facilities in China. This
study involved 48 elderly care facilities divided into four
groups: salt substitute only, salt supply restriction only, both
interventions combined, and a control group with no inter-
ventions [33]. The incremental cost-utility ratio was eval-
uated as the additional average cost incurred per quality-
adjusted life-year (QALY). 1612 participants (males 76.3%,
mean age 71.0 ± 9.5 years) were enrolled in this study.
Replacing regular salt with a salt substitute led to a reduction
in mean SBP by 7.14 mmHg (95% CI 3.79–10.48), a
decrease in hypertension prevalence by 5.09% (95% CI
0.37–9.80), and a reduction in major adverse cardiovascular
events (MACEs) by 2.27% (95% CI 0.09–4.45) [33]. After
the 2-year intervention, the mean cost for the salt substitute
group was $25.95 lower than that for the regular salt group,
primarily due to significant savings in health care costs
associated with MACEs (mean [SD], $72.88 [$9.11] vs.
$111.18 [$13.90]) [33]. On the other hand, the salt restriction
strategy did not reveal significant reduction. This study also
reported that, if the salt substitution strategy was imple-
mented across all elderly care facilities in China, estimated
48,101 MACEs and 107,857 cases of hypertension could be
averted, resulting in an estimated savings of $54,982,278
within the first two years [33]. In an aging society, elderly
care facilities are a crucial component of the social infra-
structure. The demonstrated benefits of using salt substitutes
in these facilities, in terms of improved CVD outcomes and
economic efficiency, could be highly valuable for informing
national public health strategies.

The Dietary Approaches to Stop Hypertension (DAHS)
diet, which is rich in fruits, vegetables, and low-fat dairy and
low in red / processed meats and sugar-sweetened beverages,
reduces BP [34], and it is recommended to prevent CVD [35].
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In the DASH-Sodium trial, the DASH diet lowered BP at all
sodium levels (high, moderate, and low) compared to the
control diet. The reduction in BP was most significant when
the DASH diet was paired with low-sodium intake, as
opposed to following the DASH diet or low-sodium intake
alone [36]. However, the mechanisms underlying these
effects have not been fully elucidated. Kim et al. explored the
metabolomic profiles linked to BP reduction in participants of
two randomized feeding studies: the Dietary Approaches to
Stop Hypertension (DASH) and DASH-Sodium trials [37].
Utilizing metabolomic profiling of serum and urine samples,
they identified specific metabolites associated with BP fol-
lowing dietary interventions by evaluating the interactions
between dietary interventions and metabolites [37]. The study
found 65 significant interactions between metabolites and BP
changes, and 42 unique metabolites (nine serum metabolites
and 33 urine metabolites) were associated with BP [33]. In the
DASH trial, serum tryptophan betaine was associated with
decrease in DBP among participants allocated to the DASH
diet but not among those on the control diet. In the DASH-
sodium trial, urinary levels of N-methylglutamate and proline
derivatives (including stachydrine, 3-hydroxystachydrine, N-
methylproline, and N-methylhydroxyproline) were associated
with decrease in either SBP or DBP in participants consuming
the DASH diet, with no such association observed in the
control group [37]. These findings suggest that these meta-
bolites highlight the biochemical pathways through which the

DASH diet exerts its BP-lowering effects, and the results of
the study provides deeper insights on planning dietary stra-
tegies to lower BP.

The new findings from nutritional studies in 2023 provide
insight into dietary modifications, particularly sodium reduc-
tion, for managing and preventing hypertension (Fig. 1).
Nutritional interventions play a crucial role in hypertension
management as non-pharmacological treatments. Further
research is needed to elucidate effective nutritional approaches
tailored to individual and population characteristics.

Compliance with ethical standards

Conflict of interest The authors declare no competing interests.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated otherwise in
a credit line to the material. If material is not included in the article’s
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

Fig. 1 Nutrition and Hypertension Researches in 2023: Focus on Salt Intake and Blood Pressure. HTN hypertension, DBP diastolic blood pressure,
SBP systolic blood pressure, CVD cardiovascular disease, MACE Major adverse cardiovascular event
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