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?;’;2‘7"?3;?]5”“’ Taipei, Taiwan Hypertension is among the leading global risks for premature death. As the risks sub-

Email: hmcheng@vghtpe.gov.tw stantially increase along with the elevated blood pressure, a small reduction of blood
pressure could have prevented numerous cardiovascular events in general popula-
tion. Evidence has shown that dietary intervention is a cost-effective strategy that has
been broadly advocated in the published guidelines. However, the implementation
could be limited by different food cultures. This review details the mechanisms of
each dietary intervention approach, evidence, and the implications in Asian popula-
tions, and the perspective of future research.

1 | INTRODUCTION variable for adverse cardiovascular events.? The risk of cardiovascular

diseases progressively increased throughout the range of both systolic
Hypertension is a leading risk factor contributing to increased global and diastolic BP in all age groups, including the pre-hypertensive range

disease burden and premature death.! Regardless of the definition of (systolic BP of 120 to 139 mmHg and diastolic BP of 80 to 89 mmHg).®

hypertension, blood pressure (BP) is a continuous and independent A small reduction of systolic or diastolic BP by lifestyle modification
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could have a great impact on the numbers of adverse cardiovascular
events prevented.* Of all the lifestyle changes, dietary intervention
plays a predominant role and has been advocated as an initial treatment
for pre-hypertension and throughout all the stages of hypertension.
Although dietary modifications have been universally recommended
in the published guidelines, their mechanisms of action have not been
reviewed and the implications may vary among different Asian popu-
lations. The purpose of this review article is to summarize the mecha-
nisms of action in each dietary approach, also the evidence and their

applications in Asian populations.

2 | DIETARY PATTERNS

In the contemporary hypertension guidelines, there have been two
types of recommendations on dietary intervention: dietary patterns
and regulations relating to specific electrolyte intake. Considering
that the effect of an individual nutrient may be too small to de-
tect, targeting the whole dietary patterns with synergic efficacy
of lowering BP over individual nutrients have been advocated. The
most well-established diets are the Dietary Approaches to Stop
Hypertension (DASH) diet and Mediterranean diet. The DASH diet,
a dietary pattern rich in fruits, vegetables, low-fat dairy foods, re-
duced amount of saturated fat, total fat, and cholesterol, has been
proved to substantially reduce systolic BP by 11.4 mmHg and di-
astolic BP by 5.5 mmHg in hypertensive patients,” whereas the
Mediterranean diet, rich in fruits, vegetables, legumes, nuts, and
olive oil with moderate intakes of fish, dairy, wine, and low intakes
of meat, was shown to reduce systolic BP by 5.5 mmHg and diastolic
BP of 1.7 mmHg compared with typical diet.® Given that the imple-
mentation of Mediterranean diet may be limited by dietary cultures
in different regions, the DASH-type dietary patterns are more rec-
ommended in both western and Asian guidelines as the integral part

of lifestyle modifications (Table 1).

2.1 | Mechanisms of action

The mechanisms of the BP-lowering effect of the DASH diet have been
evaluated in previous studies. It has been previously demonstrated
that DASH diet can provide potassium, magnesium, and calcium at lev-
els close to the 75th percentile of the United States consumption while
maintaining sodium content similar to that of the control diet based on
the analysis of the nutrient composition of the DASH diet.> Despite the
change of specific nutrient component, the available evidence does
not indicate that any specific nutrient could be responsible for effects
of the DASH diet on BP changes. In a sub-analysis of the randomized
controlled DASH-Sodium trial, Akita and colleagues’ found that DASH
diet steepens the pressure-natriuresis curve, suggesting a natriuretic
action of the DASH diet. The natriuretic effect of the DASH diet has
also been exemplified by its interaction with the renin-angiotensin
system (RAS), resulting in increased plasma renin activity and aldos-
terone levels.8? In another randomized controlled study enrolling 20

unmedicated hypertensive adults, DASH diet intervention was shown
to be associated with increased nitic oxide bioavailability and reduced
pulse wave velocity.10 Considering the complexity of the change in
whole dietary pattern, the BP-lowering effect could result from mul-
tiple mechanisms and is hard to be explained by a single mechanism.

2.2 | Evidence and application in Asia

However, the application of DASH diet in Asian countries may be
limited by the large differences in dietary culture and taste pref-
erences. Modified DASH diet, tailored for Asian food culture but
with the same nutrition composition as conventional DASH diet,
has been shown to effectively reduce BP and is more acceptable
by Asian populations (Table 2).1 It could be promoted as an alterna-
tive strategy in Asian countries, if more evidence supports. In addi-
tion to the DASH diet, some Asian dietary patterns have also been
reported to lower the risk of hypertension. The frequency of spicy
food consumption is inversely associated with the risk of hyperten-
sion in Chinese female adults.'? Curry food intake is correlated with
the reduced serum levels of heavy metals, also the prevalence of
hypertension in Koreans.®® However, their underlying mechanisms
and whether the findings could be extrapolated to other popula-
tions warrant more investigation. Until further evidence supports,
we suggest following the principles of the DASH diet as the main
dietary pattern to reduce BP.

3 | SODIUM RESTRICTION

In addition to the dietary patterns, high dietary sodium intake is also
associated with the development and progression of hypertension,'*
and such association is nonlinear and is more pronounced in persons
consuming high-sodium diets, with hypertension, or older ages.’
Meta-analysis has shown that every 100 mmol reduction in sodium
(equivalent to 2.3 g sodium/day) is associated with a fall in systolic
BP of 5.8 mmHg.% It is noteworthy that the BP-lowering effect of
salt restriction is on top of the healthy dietary pattern. The DASH-
Sodium trial demonstrated that combined dietary sodium restriction
(<100 mmol/day; equivalent to 2.3 g sodium/day) and DASH diet
substantially lowered BP more effectively than either alone.?” Salt
restriction is therefore recommended in all published guidelines for
preventing cardiovascular disease on top of the healthy dietary pat-
terns (Table 1).

3.1 | Mechanisms of action

The mechanism of salt intake and elevated BP has been broadly
discussed. Excessive sodium intake not only results in fluid reten-
tion, enhanced sympathetic activity, increased vasoconstriction, but
also vascular, myocardial remodeling, and renal damages in the long
run.*®%? Although sodium restriction lowers BP in a dose-response
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TABLE 1 Summary of dietary intervention for the management of hypertension in different guidelines
Guidelines Dietary pattern Salt/sodium? Potassium Alcohol Body weight
ACC/AHA 20177 DASH diet <1.5 g/day (sodium) 3.5-5.0 g/day Men <2 drinks/day® Ideal body weight
Women <1 drink/day®
ESC/ESH 2018°%° Increased vegetables/ <5 g/day (salt) N/A Men <14 units/day*® BMI: 20-25
fruits, fish, nuts, Women <8 units/day®  Waist: men < 94 cm
unsaturated fatty acid; Women < 80 cm
low consumption of
red meat; low-fat dairy
products
TSOC/THS 2017%°  DASH diet 2-4 g/day (sodium) N/A Men <30 g/day BMI: 22.5-25
Women <20 g/day
Chinese 2018%* Reasonable meal, balanced <6 g/day (salt) Increase intake ~ Men <25 g/day BMI < 24
diet Women <15 g/day  Waist: men < 90 cm
Women < 85 cm
JSH 201931 Increased vegetables/ <6 g/day (salt) N/A Men < 20-30 ml/day ~ BMI <25
fruits; reduced Women <10-20 ml/
saturated fatty acid/ day
cholesterol; increased
polyunsaturated fatty
acids; low-fat dairy
products
KSH 2018°%2 Increased vegetables/ <6 g/day (salt) N/A Men < 20-30 g/day BMI < 25

fruits, fish, nuts, and
unsaturated fatty
acids; low consumption
of meat; low-fat dairy
products

Women < 10-20 g/
day

Abbreviations: ACC/AHA, American College of Cardiology/American Heart Association; BMI, body mass index; DASH, Dietary Approaches to Stop
Hypertension; ESC/ESH, European Society of Cardiology/European Society of Hypertension; JSH, Japanese Society of Hypertension; KSH, Korean
Society of Hypertension; TSOC/THS, Taiwan Society of Cardiology/Taiwan Hypertensive Society.

21 g sodium = 43.5mmol sodium = salt (g)/2.5
b1 standard drink: roughly 14 g of pure alcohol.
1 unit: 125 ml of wine or 250 ml of beer.

relationship,17 there seems to be a discordant association between
sodium intake, BP levels, and cardiovascular outcomes. Studies have
observed that there is a J-shape association between sodium intake
and risk of adverse cardiovascular events.?° Both high and low so-
dium intake are associated with increased mortality. Meta-analysis
showed that low sodium intake (<100 mmol/day) is associated with
increased renin activity, also the levels of aldosterone and catecho-
lamines.?! Reduction in sodium intake appears to activate the sym-
pathetic system with impairment of BP homeostasis in hypertensive
patients.?? Low sodium diet also affects membrane sodium trans-

port in animal studies.?%23

3.2 | Evidence and application in Asia

The significant BP-lowering effect of sodium restriction has been
proved by randomized controlled trials in Asian populations
(Table 2).2428 Apart from the western guidelines that more strictly

29,30

recommend <3.75 g to 5 g/day, the daily salt restriction is less-

ened to <6 g/day in Japanese, Korean, and Chinese guidelines for a
higher average salt consumption in Asian populations (Table 1).5182

Monosodium glutamate, a flavor enhancer and one of the major

source of salt intake in Chinese populations, is associated with the
higher increase in BP.%% Thus, regulation on the additive of monoso-
dium glutamate may be a more prior way to advocate sodium restric-
tion in Asian countries. However, whether the recommendation of
low sodium intake by current guideline panels is supported by robust
evidence has been challenged recently.®* It should be noted that
most guidelines do not recommend a lower limit for daily sodium in-
take except that Taiwan Society of Cardiology/Taiwan Hypertensive
Society 2017 hypertension guideline suggests that the optimal daily
sodium consumption should be at 2-4 g/day, with a lower limit of
>2 g/day.35 In this clinical review, based upon observational stud-
ies, it may be more reasonable to suggest a population-level mean
target of <5 g/day in populations with mean sodium intake of >5 g/
day, while awaiting the results of large randomized controlled trials
determining the effects of sodium reduction on incidence of cardio-
vascular events and mortality.*

4 | POTASSIUM SUPPLEMENTATION

In contrast to dietary salt, potassium intake is inversely correlated
with BP. A higher level of potassium intake has been reported to
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TABLE 2 Clinical trials of dietary intervention in Asian populations

Trials Year Study design
Dietary patterns
Kawamura and 2011-2012 Single-arm, open-label
colleagues'!
Sodium restriction
Brito-Ashurst and 2008-2009 Randomized-controlled,
colleagues®* open-label
Jessani and Published in Randomized-controlled,
colleagues?®® 2008 crossover
Mu and Published in Randomized-controlled,
colleagues?® 2009 single blind
Nakano and 2012-2014 Randomized-controlled,
colleagues?’ open-label
Zhou and Published in Randomized-controlled,
colleagues?® 2012 double blind

Potassium supplementation

Kawano and Published in Randomized, crossover
colleagues® 1998

Guand Published in Randomized-controlled,
colleagues™® 2001 double blind

Dietary interventions Durations Efficacy

Modified DASH diet (n = 58) 2 months UIBMI, | BP, |fasting
glucose, | fasting
insulin

Tailored low-salt diet advice 6 months Usystolic BP,

(n = 28) vs. standard low-salt ldiastolic BP
diet advice (n = 28)

Low-sodium diet: 20 mEq/day 1 week lsystolic BP
(n=200)

Salt restriction: 50-100 mmol/ 2 years lsystolic BP,
day (n = 110) vs. added- ldiastolic BP
potassium-and-calcium:
10mmol/day (n = 101) vs.
control (n = 114)

Nutritional education: salt < 6 g/ 3 months 124-h systolic BP
day (n = 51) vs. control
(n=44)

Salt substitute (reduced-sodium, 2 years JUsystolic BP,
high-potassium) (n = 224) vs. Jdiastolic BP
normal salt (n = 238)

Potassium supplementation: 4 weeks Joffice, home, 24-h
64 mmol/day (n = 55) BP

Potassium supplementation: 12 weeks lsystolic BP

60mmol/d (n = 75) vs.
placebo (n = 75)

Abbreviations: BMI, body mass index; BP, blood pressure; DASH, Dietary Approaches to Stop Hypertension.

blunt the effect of sodium intake on BP,%¢ whereas low dietary po-
tassium intake may potentiate salt sensitivity and synergistically
lead to higher BP.®” A lower ratio of sodium-to-potassium dietary
intake is significantly associated with the more reduction of BP than
the corresponding levels of either alone.>®

4.1 | Mechanisms of action

The protective effect of high-potassium diet against increased BP
may be conceivably correlated with the modulation of sodium and
potassium by renal tubules. In a small-scaled randomized controlled
study enrolling 22 hypertensive patients, potassium supplementa-
tion lowered BP and was associated with increased natriuresis.®’
It has been shown that a high-potassium intake may suppress
sodium retention via down-regulation of the thiazide-sensitive
sodium-chloride cotransporter.*® Although potassium supplemen-
tation has been proposed to lower BP, the data are not entirely
consistent.*! Therefore, potassium replenishment was not liter-
ally recommended in most of the guidelines, except that American
College of Cardiology (ACC)/American Heart Association (AHA)
2017 guideline recommends daily potassium intake at 3.5-5.0 g/
day (Table 1).%

4.2 | Evidence and application in Asia

Potassium supplementation has been shown to significantly lower
BP in Asian populations (Table 2).#?>*® Although the Chinese 2018
guidelines suggested to increase potassium intake,** the optimal
target is not clearly defined (Table 1). It is worth indicating that the
average daily potassium intake is less in Asian populations. Rice in-
stead of potato is the staple food in Asian cuisines that contains
less potassium (25 mg vs. 500 mg per 100 g of rice vs. potato).
This is a very important dietary issue for Asian and leads to the
significant between-ethnicity difference in daily potassium intake
(men: Japanese 1.9 g/day, Chinese 1.5 g/day, British 2.9 g/day, and
American 2.5 g/day; women: Japanese 1.9 g/day, Chinese 1.5 g/day,
British 2.4 g/day, and American 2.0 g/day).*> Although we do not
have to change our dietary habit, sufficient potassium supplemen-
tation could become a critical issue for the rice-consuming Asian
countries. Randomized controlled trial has shown that potassium
does not need to be given in the form of potassium chloride to
lower BP.# Increasing the consumption of food rich in potassium
is the preferable way to increase potassium intake.?’ We therefore
suggest following a healthy dietary pattern, such as the potassium-
rich DASH diet or a diet rich in fruits and vegetables, as the principal
way to replenish daily potassium intake for Asian populations.



CHANG ET AL.

542
—I—WILEY
5 | CALORIE RESTRICTION

Not only the dietary intake, some of the diet-related factors are also
associated with high BP. Epidemiological studies have consistently
shown a direct correlation between body mass index (BMI) and BP,*’
and the relationships of BP to waist circumference or central fat dis-

tribution are even more evident.*®

5.1 | Mechanisms of action

The pathophysiological implications of adiposity on elevated BP
have been discussed. Studies have shown that obesity may lead to
excessive sodium and fluid retention via the up-regulation of RAS
and the excessively secreted leptin by adipose tissue. Obesity also
contributes to insulin resistance with hyperinsulinemia that attenu-
ates renal sodium excretion.*’ The disturbed sodium and fluid ho-
meostasis that sustain hypertension, however, could be reversed
by body weight loss.*® In a meta-analysis, an average body weight
loss of 5.1 kg by means of lifestyle modifications is associated with
a mean reduction of 4.4 mmHg in systolic BP and 3.6 mmHg in dias-
tolic BP.>! Body weight control is therefore recommended in all the
published guidelines.

5.2 | Evidence and application in Asia

While the ACC/AHA 2017 guideline recommended keeping ideal
body weight,?’ the European Society of Cardiology/European
Society of Hypertension 2018 guidelines suggested to aim at healthy
BMI (20-25 kg/m?) with waist circumference of <94 cm in men
and <80 c¢m in women.%° Like the European guidelines, most Asian
guidelines also recommended to keep BMI less than 24-25 kg/m? as
possible (Table 1). Since dietary intake and obesity are both closely
associated with hypertension, the causal relationship has been in-
vestigated. Food security, as developed by the World Food Program,
is the measure for food frequency and dietary diversity. The inability
to consume qualified or diverse food is correlated with the devel-
opment of hypertension and adverse cardiovascular events. It has
been also reported that the effect of food security on hypertension
is mediated through the abnormal body shape.>? Therefore, to re-
duce the development of hypertension, dietary intervention with
calorie restriction in keeping the ideal body weight (BMI) or shape

(waist circumference) at goals plays an essential role.

6 | FUTURE PERSPECTIVE

Although dietary interventions consist of different approaches to
reduce BP, there are some similarities in between. Except that salt
restriction directly decreases the sodium intake, other dietary inter-
ventions are associated with the modulation of renal sodium excre-

tion. Both the DASH dietary pattern and potassium supplementation

exert increased natriuretic effect, while body weight loss may re-
verse the sodium and fluid retention. Considering the similar mecha-
nisms of action, whether the BP-lowering effects are additive if
combined or as an alternative to another remain unclear. In addi-
tion, both DASH and sodium restriction are shown to activate RAS,
which may raise the concerns of increased cardiovascular risk.>®
To what extent we should recommend on the sodium restriction,
and whether the joint effects of reduced BP could be translated to
the improved cardiovascular outcomes require more clinical stud-
ies to clarify the issues. Furthermore, although average BP being
regarded as an indicator of cardiovascular risk, recent meta-analysis
suggested that BP oscillation adds significant prognostic informa-
tion beyond traditional risk factors.>* Prospective clinical trials with
pre-specified goals can be warrant to evaluate the effects of dietary

interventions on BP variability.

7 | CONCLUSIONS

Dietary intervention plays an essential role in the management of
hypertension and is one of the most cost-effective measures to im-
prove public health outcomes. Although the recommended daily in-
take amount may vary in Asian guidelines, we suggest to follow the
DASH-type dietary pattern, sodium restriction less than 5 g/day in
population level, and BMI goal of less than 25 kg/m? as the principal
measure for Asian populations to keep BP at goals. More prospective
interventional trials should be conducted to clarify the lower limit of
daily sodium intake, joint effects of the different dietary approaches,
and their effects on the long-term cardiovascular outcomes.

CONFLICT OF INTERESTS

HM Cheng received speakers honorarium and sponsorship to attend
conferences and CME seminars from Eli Lilly and AstraZeneca; Pfizer
Inc; Bayer AG; Boehringer Ingelheim Pharmaceuticals, Inc; Daiichi
Sankyo, Novartis Pharmaceuticals, Inc; SERVIER; Co., Pharmaceuticals
Corporation; Sanofi; TAKEDA Pharmaceuticals International and
served as an advisor or consultant for ApoDx Technology, Inc CH
Chen reports personal fees from Novartis, Sanofi, Daiichi Sankyo,
SERVIER, and Boehringer Ingelheim Pharmaceuticals, Inc JG Wang
reports having received research grants from Chendu Di-Ao and
Omron, and lecture and consulting fees from Astra-Zeneca, Novartis,
Omron, Servier, and Takeda. K Kario reports research grants from
Omron Healthcare, Fukuda Denshi, A&D, Pfizer Japan, and honoraria
from Omron Healthcare. All other authors report no potential con-

flicts of interest in relation to this article.

AUTHOR CONTRIBUTIONS

HM Cheng and CH Chen contributed to the conception and design
of the article. HC Chang interpreted the relevant literature and
drafted the article. HM Cheng revised it critically. All authors sub-
stantially contributed the important intellectual content and sugges-
tion during manuscript drafting, and accept accountability for the

overall work.



Wi LEYM

hypertension. Eur Heart J.

CHANG ET AL.
ORCID 15. Mente A, O'Donnell MJ, Rangarajan S, et al. Association of urinary
Hao-Chih Chang ® https://orcid.org/0000-0002-6256-2194 sodium and potassium excretion with blood pressure. N Engl J Med.
. . 2014;371:601-611.
Hao-Min Cheng https.//orad'.org/0000—0002—3885—6600 16. He FJ, Li J, Macgregor GA. Effect of longer term modest salt re-
Chen-Huan Chen "= https://orcid.org/0000-0002-9262-0287 duction on blood pressure: Cochrane systematic review and me-
Tzung-Dau Wang " https://orcid.org/0000-0002-7180-3607 ta-analysis of randomised trials. BMJ. 2013;346:f1325.
Yuda Turana © https://orcid.org/0000-0003-4527-0285 17. Sacks FM, Svetkey LP, Vollmer WM, et al. Effects on blood pres-
. sure of reduced dietary sodium and the Dietary Approaches to Stop
Boon Wee Teo " https://orcid.org/0000-0002-4911-8507
P g Hypertension (DASH) diet. DASH-Sodium Collaborative Research
Jam Chin Tay https//orcidOrg/0000-0001-7657-4383 Group. N EngIJ Med. 2001:344:3-10.
Kelvin Tsoi "= https://orcid.org/0000-0001-5580-7686 18. Frohlich ED, Susic D. Sodium and its multiorgan targets. Circulation.
Ji-Guang Wang 0 https://orcid.org/0000-0001-8511-1524 2011;124:1882-1885.
Kazuomi Kario https://orcid.org/0000-0002-8251-4480 19. Grillo A., Salvi L, Foruzn P, Salvi P, Parati G. Sodium intake and hy-
pertension. Nutrients. 2019;11.
20. O'Donnell M, Mente A, Rangarajan S, et al. Urinary sodium and
potassium excretion, mortality, and cardiovascular events. N Engl J
REFERENCES Med. 2014;371:612-623.

1. GBDRF Collaborators. Global, regional, and national comparative 21. Graudal NA, Hubeck-Graudal T, Jurgens G. Effects of low sodium
risk assessment of 84 behavioural, environmental and occupa- diet versus high sodium diet on blood pressure, renin, aldosterone,
tional, and metabolic risks or clusters of risks, 1990-2016: a sys- catecholamines, cholesterol, and triglyceride. Cochrane Database
tematic analysis for the Global Burden of Disease Study 2016. Syst Rev. 2017:4:CD004022.

L“.”C”' 2017;390:1345-1422. ) ) ) 22. Grassi G, Cattaneo BM, Seravalle G, Lanfranchi A, Bolla G, Mancia

2. Flint AC, Conell C, Ren X, et al. Effect of systolic and diastolic G. Baroreflex impairment by low sodium diet in mild or moderate
blood pressure on cardiovascular outcomes. N Engl J Med. essential hypertension. Hypertension. 1997;29:802-807.
201??381:243'251- » B 23. Swales JD, Bing RF, Swart S, Thurston H. Diuretics, sodium in-

3. Lewington S, Clarke R, Qizilbash N, et al. Age-specific relevance of take, and renin in the management of hypertension. J Cardiovasc
usual blood pressure to vascular mortality: a meta-analysis of indi- Pharmacol. 1984:6(Suppl. 1):5250-5255.
vidual data for one million adults in 61 prospective studies. Lancet. 24. de Brito-Ashurst |, Perry L, Sanders TA, et al. The role of salt intake
2002;360:1903-1913. and salt sensitivity in the management of hypertension in South

4. Cook NR, Cohen J, Hebert PR, Taylor JO, Hennekens CH. Asian people with chronic kidney disease: a randomised controlled
Implications of small reductions in diastolic blood pressure for pri- trial. Heart. 2013:99:1256-1260.
mary prevention. Arch Intern Med. 19955155:7(‘)1_'70(% ) 25. Jessani S, Hatcher J, Chaturvedi N, Jafar TH. Effect of low vs. high

5. Appel LJ, Moore TJ, Obarzanek E, et al. A clinical trial of the ef- dietary sodium on blood pressure levels in a normotensive Indo-
fects of dietary patterns on blood pressure. DASH Collaborative Asian population. Am J Hypertens. 2008:21:1238-1244.

Research Group. N Engl J Med. 1997,336:1117-1124. 26. MuJ, Liu Z, Liu F, Xu X, Liang Y, Zhu D. Family-based randomized

6. Jennings A, Berendsen AM, de Groot L, et al. Mediterranean-style trial to detect effects on blood pressure of a salt substitute con-
diet improves systolic blood pressure and arterial stiffness in older taining potassium and calcium in hypertensive adolescents. Am J
adults. Hypertension. 2019;73:578-586. Hypertens. 2009;22:943-947.

7. Akita S, Sacks FM, Svetkey LP, Conlin PR, Kimura G, DA-STCR 27. Nakano M, Eguchi K, Sato T, Onoguchi A, Hoshide S, Kario K.
Group. Effects of the dietary aPpro?ches Fo stc4>p hypertenslion Effect of intensive salt-restriction education on clinic, home,
(DASH) diet on the pressure-natriuresis relationship. Hypertension. and ambulatory blood pressure levels in treated hypertensive
2003;42:8-13. patients during a 3-month education period. J Clin Hypertens.

8. Maris SA, Williams JS, Sun B, Brown S, Mitchell GF, Conlin PR. 2016:18:385-392.

Interactions of the DASH Diet with the Renin-Angiotensin- 28. Zhou B, Wang HL, Wang WL, Wu XM, Fu LY, Shi JP. Long-term ef-
Aldosterone System. Curr Dev Nutr. 2019;3:nzz091. fects of salt substitution on blood pressure in a rural north Chinese

9. Sun B, Williams JS, Svetkey LP, Kolatkar NS, Conlin PR. Beta2- population. J Hum Hypertens. 2013;27:427-433.
adrenergic receptor genotype affects the renin-angiotensin-aldoste- 29. Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/
ronesystemresponsetothe Dietary Approachesto Stop Hypertension ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the
(I?ASH) dietary patte.rn.AmJ Clin N.“t"- 2010;92:444-449. prevention, detection, evaluation, and management of high blood

10. Lin PH, Al!en JD, Li Y.J' Yu M, Lien LF, Sv.etkey LP. Blood pres- pressure in adults: a report of the American College of Cardiology/
sure-lowering mechanisms of the DASH dietary pattern. J Nutr American Heart Association Task Force on Clinical Practice
Metab. 2012;2012:472396. ‘ Guidelines. Circulation. 2018;138:¢484-¢594.

11. Kawamura A, Kajiya K, Kishi H, et al. Effects of the DASH-JUMPdi- 30 williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH Guidelines
etary intervention in Japanese participants with high-normal blood for the management of arterial
pressure and stage 1 hypertension: an open-label single-arm trial. 2018:39:3021-3104.

Hypertens Res. 2916?39:777'785 ) ) 31. Umemura S, Arima H, Arima S, et al. The Japanese Society of

12. He T, Wang M, Tian Z, et al. Sex-dependent difference in the asso- Hypertension Guidelines for the Management of Hypertension
ciation between frequency of spicy food consumption and risk of (JSH 2019). Hypertens Res. 2019;42:1235-1481.
hypertension in Chinese adults. Eur J Nutr. 2019;58:2449-2461. 32. Lee HY, Shin J, Kim GH, et al. 2018 Korean Society of Hypertension

13. Choi JW, Oh C, Shim SY" Jeong S, Kim HS, Kim MS. Reduction in Guidelines for the management of hypertension: part ll-diagnosis
prevalence of hypertension and blood heavy metals among cur- and treatment of hypertension. Clin Hypertens. 2019;25:20.
ry-consumed Korean. Tohoku J Exp Med. 2018;244:219-229. 33. Shi Z, Yuan B, Taylor AW, et al. Monosodium glutamate is re-

14. Mozaffarian D, Fahimi S, Singh GM, et al. Global sodium con-

sumption and death from cardiovascular causes. N Engl J Med.
2014;371:624-634.

lated to a higher increase in blood pressure over 5 years: findings
from the Jiangsu Nutrition Study of Chinese adults. J Hypertens.
2011;29:846-853.


https://orcid.org/0000-0002-6256-2194
https://orcid.org/0000-0002-6256-2194
https://orcid.org/0000-0002-3885-6600
https://orcid.org/0000-0002-3885-6600
https://orcid.org/0000-0002-9262-0287
https://orcid.org/0000-0002-9262-0287
https://orcid.org/0000-0002-7180-3607
https://orcid.org/0000-0002-7180-3607
https://orcid.org/0000-0003-4527-0285
https://orcid.org/0000-0003-4527-0285
https://orcid.org/0000-0002-4911-8507
https://orcid.org/0000-0002-4911-8507
https://orcid.org/0000-0001-7657-4383
https://orcid.org/0000-0001-7657-4383
https://orcid.org/0000-0001-5580-7686
https://orcid.org/0000-0001-5580-7686
https://orcid.org/0000-0001-8511-1524
https://orcid.org/0000-0001-8511-1524
https://orcid.org/0000-0002-8251-4480
https://orcid.org/0000-0002-8251-4480

ﬂWl LEY

34.

35.

36.
37.

38.

39.
40.
41.
42.
43.

44,

45.

CHANG ET AL.

O'Donnell M, Mente A, Alderman MH, et al. Salt and cardiovascular
disease: insufficient evidence to recommend low sodium intake. Eur
Heart J. 2020;41:3363-3373.

Chiang CE, Wang TD, Ueng KC, et al. 2015 guidelines of the
Taiwan Society of Cardiology and the Taiwan Hypertension
Society for the management of hypertension. J Chin Med Assoc.
2015;78:1-47.

Rodrigues SL, Baldo MP, Machado RC, Forechi L, Molina Mdel C, Mill
JG. High potassium intake blunts the effect of elevated sodium in-
take on blood pressure levels. J Am Soc Hypertens. 2014;8:232-238.
Obarzanek E, Proschan MA, Vollmer WM, et al. Individual blood
pressure responses to changes in salt intake: results from the
DASH-Sodium trial. Hypertension. 2003;42:459-467.

Binia A, Jaeger J,Hu Y, Singh A, Zimmermann D. Daily potassium in-
take and sodium-to-potassium ratio in the reduction of blood pres-
sure: a meta-analysis of randomized controlled trials. J Hypertens.
2015;33:1509-1520.

Smith SR, Klotman PE, Svetkey LP. Potassium chloride lowers blood
pressure and causes natriuresis in older patients with hypertension.
J Am Soc Nephrol. 1992;2:1302-1309.

Krishna GG, Kapoor SC. Potassium supplementation amelio-
rates mineralocorticoid-induced sodium retention. Kidney Int.
1993;43:1097-1103.

Dickinson HO, Mason JM, Nicolson DJ, et al. Lifestyle interventions
to reduce raised blood pressure: a systematic review of randomized
controlled trials. J Hypertens. 2006;24:215-233.

Kawano Y, Minami J, Takishita S, Omae T. Effects of potassium sup-
plementation on office, home, and 24-h blood pressure in patients
with essential hypertension. Am J Hypertens. 1998;11:1141-1146.
Gu D, He J, Wu X, Duan X, Whelton PK. Effect of potassium sup-
plementation on blood pressure in Chinese: a randomized, place-
bo-controlled trial. J Hypertens. 2001;19:1325-1331.

Joint Committee for Guideline R. 2008 Chinese Guidelines for
Prevention and Treatment of Hypertension—a report of the
Revision Committee of Chinese Guidelines for Prevention and
Treatment of Hypertension. J Geriatr Cardiol. 2019;16:182-241.
Zhou BF, Stamler J, Dennis B, et al. Nutrient intakes of middle-aged
men and women in China, Japan, United Kingdom, and United
States in the late 1990s: the INTERMAP study. J Hum Hypertens.
2003;17:623-630.

46.

47.

48.

49.

50.

51.

52.

53.

54.

He FJ, Markandu ND, Coltart R, Barron J, MacGregor GA. Effect
of short-term supplementation of potassium chloride and potas-
sium citrate on blood pressure in hypertensives. Hypertension.
2005;45:571-574.

Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an
independent risk factor for cardiovascular disease: a 26-year fol-
low-up of participants in the Framingham Heart Study. Circulation.
1983;67:968-977.

Chuang SY, Chou P, Hsu PF, et al. Presence and progression of ab-
dominal obesity are predictors of future high blood pressure and
hypertension. Am J Hypertens. 2006;19:788-795.

Sechi LA. Mechanisms of insulin resistance in rat models of hyper-
tension and their relationships with salt sensitivity. J Hypertens.
1999;17:1229-1237.

D'Agati VD, Chagnac A, de Vries AP, et al. Obesity-related glomer-
ulopathy: clinical and pathologic characteristics and pathogenesis.
Nat Rev Nephrol. 2016;12:453-471.

Neter JE, Stam BE, Kok FJ, Grobbee DE, Geleijnse JM. Influence of
weight reduction on blood pressure: a meta-analysis of randomized
controlled trials. Hypertension. 2003;42:878-884.

Isaura ER, Chen YC, Yang SH. The Association of Food Consumption
Scores, Body Shape Index, and hypertension in a seven-year fol-
low-up among Indonesian adults: a longitudinal study. Int J Environ
Res Public Health. 2018;15:175.

Verma S, Gupta M, Holmes DT, et al. Plasma renin activity pre-
dicts cardiovascular mortality in the Heart Outcomes Prevention
Evaluation (HOPE) study. Eur Heart J. 2011;32:2135-2142.

Mena LJ, Felix VG, Melgarejo JD, Maestre GE. 24-Hour blood pres-
sure variability assessed by average real variability: a systematic
review and meta-analysis. J Am Heart Assoc. 2017;6(10):e006895

How to cite this article: Chang HC, Cheng HM, Chen CH, et al.
Dietary intervention for the management of hypertension in

Asia. J Clin Hypertens. 2021;23:538-544.

https://doi.org/10.1111/jch.14116



https://doi.org/10.1111/jch.14116

