Shaking Your Salt Hablts

to Lower Your Blood Pressure




Strong evidences for a relationship
between amount of salt intake
and blood pressure level



Effect of dose and duration of reduction in dietary sodium on
blood pressure levels: systematic review and meta-analysis of
randomised trials

- 169 trials with random allocation of participants to

reduced dietary Na intake and usual/higher dietary Na

intake (control)

- Studies with sodium intake estimated by 24-h urine

collection that also had data on SBP or DBP

Objectives: Examine dose-response relation between reduction in dietary Na and BP change

Effects of age, sex, ethnicity, baseline Na intake, baseline BP, BP status on BP reduction (mmHg) achieved with a-50-mmol reduction in Na excretion

Subgroup Changeof Noof Total Change of SBP Change of SBP Change of DBP Change of DBP Subgroup Change of
sodium (mmol), data sample (mm Hg)/50 mmol (mm Hg)/50 mmol (mm Hg)/50 mmol (mm Hg)/50 mmol
mean (range) points size sodium reduction sodiumreduction sodium reduction sodium reduction
(95% CD (95%CID 95%CI) (95%CD
Mean age ’ Mean baseline sodium intake
=35 -130(-322t0-72) 30 900 - -0.39 (-0.73 to -0.06) - -0.18 (-0.40 to 0.04) Low (<109 mmol) -52 (109 to 6)
>35to =45 -183(-287t0-12) 19 4719 - -1.43(-2.07 t0 -0.79) - -0.61(-1.12t0-0.10) : Usual (109 to <209 mmol) -87(-183t0 8)
>45to <55 -126(-336t08) 46 4040 - -2.55(-3.03 t0 -2.07) - -1.19(-1.51 t0 -0.87) High (>209 mmol) -204 (-336 to -28)
>55to0 <65 -83(-207t0-28) 18 1160  —=— -3.88(-5.05t0-2.71) - -2.01(-2.72 t0 -1.30) Unknown -173 (-237 to -58)
>65 -99(-237t0-40) 8 1034 —-— -3.33(-4.24t0-2.41) - -1.23(-1.59 t0 -0.88) Blood pressure status
Unknown -123(-250t0-50) 15 344 -0- -1.30(-2.18 t0 -0.42) o -0.67 (-1.47t00.13) Normotensive -158 (-341 to -40)
Sex Mix of normotensive and hypertensive -121 (-237 to 6)
Male -150(-322to1) 40 2889 - -0.81(-1.22 t0 -0.40) - -0.40 (-0.71 to0 -0.09) Hypertensive -116(-331t0 8)
Female -81(-296t0-18) 8 1579 = -1.32(-2.47t0-0.16) -0.52(-1.23t00.19) Mean baseline SBP
Mix of male and female -119(-336t0 8 88 8477 - -2.29(-2.73t0-1.85) - -1.01(-1.27 t0 -0.75) <120 mm Hg -189 (-341 to -50)
Unknown -130(-237t0-53) 8 369 —O0— -2.13(-3.32t0-0.94) - -1.47 (-2.45 to -0.50) 2120to <130 mm Hg -122(-328t0 6)
Ethnic group 2130 to <140 mm Hg -102 (-305t0-12)
White -124(-319t0-18) 39 3432 - -1.60 (-2.14 to -1.06) - -0.82(-1.15 to -0.49) 2140 to <150 mm Hg -106 (-285t0 8)
Asian -122(-266t0-32) 8 1006 —-— -2.93(-3.76 t0 -2.10) - -1.03 (-1.45 to -0.60) 2150 to <160 mm Hg -137(-331to0-53)
Black -44 (-79 to 6) 8 1728 +—=— -4.07 (-6.14 to -2.00) — -2.37(-4.15 t0-0.59) 2160 mm Hg -103 (-265 to -28)
Mixed race -131(-300to -40) 21 2841 — -2.67(-3.74t0-1.61) - -1.30(-1.88 t0 -0.72) Unknown -146 (-237 to -88)
Unknown -134(-336t08) 66 4307 -1.30(-1.68 t0-0.92) o -0.57 (-0.85 t0 -0.29)
6 -3 0 0

P trend for different age bands: SBP = 0.01, DBP = 0.09

P for heterogeneity between male and female: SBP = 0.42, DBP = 0.76

P for heterogeneity among White, Asian and Black population: SBP= 0.005, DBP = 0.21
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Change of SBP
sodium (mmol), data sample (mm Hg)/50 mmol (mm Hg)/50 mmol

Change of SBP

sodium reduction sodium reduction
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(95%CD)
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(95%CD

-2.11(-4.97t0 0.75)
-2.41(-3.00t0 -1.83)
-1.30(-1.67 t0 -0.94)
-1.67 (-2.83t0-0.51)

-0.66 (-0.93 t0 -0.39)
-1.89(-2.71 to -1.06)
-2.76(-3.22t0-2.31)

-0.39(-0.61t0-0.18)
-1.21(-1.87 t0 -0.55)
-2.23(-2.89t0-1.57)
-3.23(-3.88t0-2.59)
-2.68(-3.55t0-1.81)
-2.97 (-4.34 t0 -1.60)
-1.88(-2.96 to -0.80)

P trend for different baseline sodium intake: SBP = 0.20, DBP = 0.21

P trend for different blood pressure status: SBP = 0.08, DBP = 0.09
P trend for different baseline SBP: SBP = 0.01, DBP = 0.01

Change of DBP

(mm Hg)/50 mmol (mm Hg)/50 mmol
sodium reduction

sodium reduction
(95% CD

-1.71 (-4.86 to 1.44)
-1.15(-1.53 t0 -0.78)
-0.55(-0.76 t0 -0.35)
-1.04 (-2.01 to -0.07)

-0.21 (-0.41 to -0.02)
-0.97 (-1.61 t0-0.33)
-1.37 (-1.65 to -1.09)

-0.07 (-0.29 t0 0.14)
-0.57(-0.98 to -0.16)
-1.08 (-1.41 to -0.74)
-1.58(-1.94 to -1.23)
-1.30(-1.87 t0 -0.73)
-1.41(-2.35t0-0.47)
-1.36 (-2.68 to -0.04)

Huang L, et al. BMJ. 2020 Feb 24;368:m315.
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blood pressure levels: systematic review and meta-analysis Of | intake (contron

randomised tl'ialS - Studies with sodium intake estimated by 24-h urine

collection that also had data on SBP or DBP

Objectives: Examine dose-response relation between reduction in dietary Na and BP change

Results:

Change in 24-h urinary Na excretion positively associated with change in BP after adjusting for intervention
duration, mean age, percentage of female, percentage of white ethnicity, and baseline BP

> Each 50-mmol reduction in 24-h urinary Na associated with 1.1 mm Hg (0.66 to 1.54) decrease in SBP
and 0.33 mm Hg (0.04 to 0.63) decrease in DBP

Conclusion: Magnitude of BP lowering achieved with Na reduction showed a dose-response relation

and was greater for older populations, non-white populations, and those with higher BP

Huang L, et al. BMJ. 2020 Feb 24;368:m315.



Blood Pressure Effects of Sodium

Reduction
Dose-Response Meta-Analysis of Experimental Studies

- Key term “sodium” and “blood pressure” for reports of RCTs that
tested effect of dietary Na reduction on BP

- 85 included trials with at least 4 wks follow-up; Na manipulation
through dietary change or supplementation, or both; measurement of

24-h urinary Na excretion, SBP, and DBP at beginning and end of

treatment

Aim: Explore effect of Na intake on BP over a wide range of exposure

- Dose-response assessment effect of sodium intake on BP, we used
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Figure 2. Dose-response meta-analysis of changes in SBP and DBP levels (mm Hg) according to achieved sodium excretion in the treatment and
control groups at the end of the trials (all studies) and by type of intervention (supplementation or diet).

The average curve (solid line) with 95% confidence limits (dashed lines) was estimated with a 1-stage random-effects restricted cubic spline model, using 2 g/d as
referent. DBP indicates diastolic blood pressure; and SBP, systolic blood pressure.

1.64)

Filippini T, et al. Circulation. 2021;143:1542-1567.
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Figure 2. Dose-response meta-analysis of changes in SBP and DBP levels (mm Hg) according to achieved sodium excretion in the treatment and
control groups at the end of the trials (all studies) and by type of intervention (supplementation or diet).
The average curve (solid line) with 95% confidence limits (dashed lines) was estimated with a 1-stage random-effects restricted cubic spline model, using 2 g/d as

referent. DBP indicates diastolic blood pressure; and SBP, systolic blood pressure.
Filippini T, et al. Circulation. 2021;143:1542-1567.



Blood Pressure Effects of Sodium

Reduction
Dose-Response Meta-Analysis of Experimental Studies

Aim: Explore effect of Na intake on BP over a wide range of exposure

Figure 3. Dose-response meta-analysis of changes in SBP and DBP levels (mmHg) according to achieved sodium excretion in the treatment and
control groups at the end of the trials divided by hypertension status (no hypertension and hypertension).

The average curve (solid line) with 95% confidence limits (dashed lines) was estimated with a 1-stage random-effects restricted cubic spline model, using 2 g/d as
referent. DBP indicates diastolic blood pressure; and SBP, systolic blood pressure.

- Key term “sodium” and “blood pressure” for reports of RCTs that
tested effect of dietary Na reduction on BP

- 85 included trials with at least 4 wks follow-up; Na manipulation
through dietary change or supplementation, or both; measurement of
24-h urinary Na excretion, SBP, and DBP at beginning and end of
treatment

- Dose-response assessment effect of sodium intake on BP, we used
87 mmol/d, corresponding to 2 g/d of sodium intake, as the

reference value

- In this dose-response analysis of sodium reduction in clinical
trials, we identified an approximately linear relationship between

sodium intake and reduction in both systolic and diastolic BP

across the entire range of dietary sodium exposure.

- Although this occurred independently of baseline BP, the

effect of sodium reduction on level of BP was more pronounced
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Guidelines on Sodium in Controlling
and Preventing Hypertension



2019 Thai Guidelines on The Treatment of Hypertension

Physicians or medical personnel should advise every individual who is at risk of having
HT or hypertensive patient to change their lifestyle
(Strength of Recommendation |, Quality of Evidence A)

Effectiveness of lifestyle modification in controlling and preventing
hypertension

Recommendations Strength of Quality of

Recommendations | Evidence

Limiting the amount of Salt
and Sodium in Food (I,A)

e <2g/dofsodium

e Stricter control of sodium

at < 1.5 g/day may further
help lower BP

Weight reduction in overweight and obese I

individuals

Regular modification for consumption of
healthy foods

I Limiting the amount salt and sodium in food I

Increasing regular physical activity and/or aero-

bic exercise

’ Limiting alcoholic beverages I




2020 International Society of Hypertension (ISH)

Global Hypertension Practice Guidelines

Salt reduction There is strong evidence for a relationship between
high salt intake and increased blood pressure.
Reduce salt added when preparing foods, and at
the table. Avoid or limit consumption of high salt
foods such as soy sauce, fast foods and processed
food including breads and cereals high in salt.




WHO guideline: Sodium intake for adults and children

A reduction in sodium intake to reduce blood pressure

and risk of cardiovascular disease, stroke and coronary

heart disease in adults. WHO recommends a maximum
intake of < 2,000 mg/d sodium (<5g/d salt) in adult




2023 ESH Guidelines for The Management of Arterial Hypertension

The Task Force for the Management of Arterial Hypertension of The European Society of Hypertension
Endorsed by the International Society of Hypertension (ISH) and the European Renal Association (ERA)

Recommendations and statements CoR LoE

In adults with hypertension consuming a high sodium diet (most
Europeans), salt substitutes replacing part of the NaCl with KCI is
recommended to reduce BP and the risk for CVD.

Dietary salt (NaCl) restriction is recommended for adults with elevated BP

to reduce BP. Salt (NaCl) restriction to < 5 g (~2g sodium) per day is
recommended.

Increased potassium consumption, preferably via dietary modification, is
recommended for adults with elevated BP, except for patients with
advanced CKD.

Journa | of Hypertension 2023, 41:1874-2071.



Salt Substitute



Effectiveness of salt substitute on cardiovascular outcomes:
A systematic review and meta-analysis

Aim: Investigate effect of salt substitutes on BP and CVD

NaCl was KClI, follow-up duration 4 wks to 10 yrs

sodium and potassium from spot or 24-h urine, or mortality of CVD

Type of studies: RCT or followed-up observational study of the original RCT

Type of outcomes: effect of salt substitute on either BP, urinary excretion of

Characteristics: 23 studies, 32073 participants, most common replacement for

Study Weight Mean Difference (95% Cl), IV, Random Study Weight Mean Difference (95% Cl), IV, Random
Baek SH et al. 2015 0.8% -12.64(-26.87,1.59) <o Baek SH et al. 2015 0.3% -7.00(-1691,291) e————
Barros CL et al. 2015 1.4% -6.43 (-16.78, 3.92) < Barros CL et al. 2015 0.6% -5.28(-12.71,2.15) = °
Bernabe-Ortiz A et al. 2020 9.1% -1.29(-2.17, -0.41) - Bernabe-OrtizAetal. 2020 12.6% 0.76 (-1.39, -0.13) -
Chariton KE et al. 2008 4.6% -4.53 (-8.97, -0.08) — Charlton KE et al. 2008 3.7% 2.49(-5.12,0.13) ——
Che L et al. 2022 7.0% -6.60 (-9.15, -4.05) —-— Che L et al. 2022 5.5% 1.80(-3.76,0.16) —
Geleijnse JM et al. 1994 5.7% -8.70 (-12.20, -5.20) — Geleijnse IM et al. 1994 4.0% 3.60(-6.00, -1.10) —
Gilleran G et al. 1996 0.8% -15.10 (-28.94, -1.26) <*—o—————e Gilleran G et al. 1996 1.0% -1.20 (-6.75, 4.35) -
HuJetal 2018 5.5% -3.30(-6.98, 0.38) —e— Hu J et al. 2018 4.2% 1.32(-1.07,3.71) ——
Kawasaki T et al. 1998 1.3% -7.21(-18.12, 3.70) - Kawasaki T et al. 1998 0.7% -2.80 (-9.38, 3.78) -
Li N et al. 2007 7.7% -3.70 (-5.90, -1.60) - Li N et al. 2007 9.1% 0.70 (-1.90, 0.50) -
LiN et al. 2016 7.5% -1.10(-3.30, 1.10) —- LiN et al. 2016 7.4% 0.70 (-2.20, 0.80) —e
Little P et al. 2004 1.0% 1.42(-11.20, 14.00) - > Little P et al. 2004 2.1% 1.60(-2.10, 5.30) ————t
Neal B et al. 2021 8.9% -3.34(-4.51, -2.18) - Neal B et al. 2021 12.0% 0.67 (-1.39, 0.05) -
Omuvik P et al. 1995 1.6% -1.60(-11.16, 7.96) —- Omvik P et al. 1995 1.0% 2.90 (-8.46, 2.66) -
Sarkkinen ES et al. 2011 3.3% -11.30(-17.15, -5.45) —— Sarkkinen ES et al. 2011 3.0% 4.20(-7.19,-1.21) ——
Suppa G et al. 1988 4.8% -2.50 (-6.74, 1.74) = Suppa G et al. 1988 5.2% 2.00 (-4.04, 0.04) ——
Yang GH et al. 2018 4.0% -7.67 (-12.67, -2.66) oo—p— Yang GH et al. 2018 4.5% -0.92 (-3.21, 1.38) — g
YuJetal 2021 8.3% -4.58 (-6.20, -2.97) . o YuJetal 2021 10.3% -1.14 (-2.13, -0.15) -
Zhao X et al. 2014 4.1% -7.60 (-12.50, -2.70) — Zhao X et al. 2014 3.4% -3.50(-6.24, -0.76) —
Zhou B et al. 2016 6.8% -3.08 (-5.80, -0.36) - Zhou B et al. 2016 5.7% 2.28 (-4.18, -0.38) —
Zhou X et al. 2009 5.7% -9.60(-13.10, -6.10) = | Zhou X et al. 2009 3.5% 5.30(-7.90, -2.60) S——
Total 100.0% -4.80(-6.12, -3.48) © Total 100.0% 1.48 (-2.06, -0.90) °
Heterogeneity: Tau® = 4.76; Chi’ = 73.89, df = 20 (P < 0.0001); F¥ = 73% e s &t 3 o Heterogeneity: Tau’ = 0.59; Chi’ = 36.44, df = 20 (P = 0.01); /¥ = 45% e T
Test for overall effect: 2= 7.13 (P < o'm” . '0‘!0‘0'\ lr.!crwr:tm Favours Control Test for overall effect: 7 = 4.9 (P < o’m" ‘ l‘hO‘v;s 'l“!lf\i.'l"“ Favours Control

Effects of salt substitute on systolic blood pressure Effects of salt substitute on diastolic blood pressure

Tsai 'Y C, et al. J Clin Hypertens. 2022;24:1147-1160.
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Type of studies: RCT or followed-up observational study of the original RCT
EffECtIVEI'IESS Of Salt SUbStItUte on cardlovascular outcomes: Type of outcomes: effect of salt substitute on either BP, urinary excretion of

A systematlc review and meta-analy5|s sodium and potassium from spot or 24-h urine, or mortality of CVD
_ _ _ Characteristics: 23 studies, 32073 participants, most common replacement for
Aim: Investigate effect of salt substitutes on BP and CVD NaCl was KCI. follow-up duration 4 wks to 10 yrs
Effects of salt substitute on cardiovascular death Effects of salt substitute on all-cause death
Study Weight  Hazard Ratio (95% Cl), IV, Random Study Weight  Hazard Ratio (95% Cl), IV, Random
Chang HY et al. 2006 26.9% 0.59 (0.37,0.95) —_— Chang HY et al. 2006 17.7% 0.90 (0.79, 1.06) —at
Neal B et al. 2021 60.1% 0.87 (0.79, 0.96) - Li N et al. 2007 0.3% 0.99 (0.25, 3.91) - >
Sun H et al. 2021 11.6%  0.43(0.18,1.02) <*+—a— Neal B et al. 2021 80.5%  0.88(0.82,0.95) -
Zhao X et al. 2014 1.4% 1.00 (0.06, 15.83) = = > Sun H et al. 2021 1.5% 0.75 (0.42, 1.32) NS S
Total 100.0%  0.72(0.52, 1.00) e Zhao X et al. 2014 0.1% _ 0.50(0.05,5.45) <—= >
Heterogeneity: Tau® = 0.04; Chi® = 4.88, df = 3 (P = 0.18); I* = 38% . Total 100.0% 0.88 (0.82, 0.94) o
Test for overall effect: Z = 1.95 (P = 0.05) S S i Heterogeneity: Tau® = 0.00; Chi’ = 0.62, df =4 (P = 0.96); > =0% '
Favours Intervention  Favours Control
Test for overall effect: Z = 3.60 (P = 0.0003) 0.3 1.0 2.0
Favours Intervention  Favours Control

Conclusion: salt substitute has strong effect on lowering BP and reducing all-cause mortality
Limitations:

® Different regimens of salt substitution and intervention durations

® Excluded patients with renal insufficiency 2 It may be harmful in patients with CKD or tubular

acidosis, causing severe hyperkalemia




Current Sodium Intake Situation

Global
In 2019, mean sodium intake of adults = 4310 mg/day (salt 10.78 g/day)

Country sodium intake ranges from 2006 mg/day sodium (5 g/day salt) to
6950 mg/day sodium (17.38 g/day salt)

Thailand
Sodium intake 4250 mg/d (4050-4469) or salt 10.8 g/d

WHO global report on sodium intake reduction, 2023.



Reduce Sodium Intake!!!

Easy to say...
Difficult to be done...



SHAKE THE SALT HABIT - SHAKE Package for Salt Reduction
World Health Organization 2016
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® Disodium phosphate

® Sodium alginate

® Sodium benzoate

® Sodium sorbate

® Sodium propionate

®* Sodium nitrite

®* Sodium sulfite

® Sodium L-ascorbate
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.S ..
Sodium Conversion

1 mEq or mmol sodium =23 g sodium
1 meq or mmoL sodium /17 =1 gsalt
1 g sodium * 2.5 =1 g salt

5 g salt = 2000 mg sodium = 87 mmol sodium = 87 mEqg sodium
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Tricks to Reduce Salt Intake

1. Ug921%15189 MURIMISTRTRETINTR gesasias 4
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\AR9AANI9LNANT2E severe hyperkalemia
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