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AAati kot Aptnplakn Mieon  (take it with a grain of salt...)

<29 NaCl+
<2g NaCl ; >10.5g NaC , ,
proten a. Apvntiko itooluyio kat LAl

b. Apvntikd 1ooluyio kat JAM
c. BgTtkd 1ooluyio kat TAMN

“Therefore, if large 1904: Ambard and Beaujard

amounts of salt are taken,
the pulse will stiffen or

harden.”

The Yellow Emperor’s Classic of Internal
Medicine, 1700 BC
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Guyton’s autoregulation and pressure natriuresis

sodium Impaired renal function to excrete sodium in the urine
ECFV expansion ECFV expansion
Increased cardiac output Kidney’s filtration capacity 25,000 mEq Na Increased cardiac output
l Kidney’s excretion capacity 99% 1
Increased peripheral flow Increased peripheral flow

| |

Increased PVR

|

Chronic BP elevation

Increased PVR



Hypertensive individuals respond with variation in high salt intake

BP differences between two points in time when sodium intake decreased by 1.8 g/d (77 mmol/d).

Percent of Participants

25 1

20 1

15 1

10

o

2 Phenotypes after a Sodium load:

Salt sensitive: Marked BP increase
Salt resistant: No or very small BP increase

SS test: 460 mmol for the day of salt loading (300
mmol in the saline infusion and 160-mmol diet)
and 10-mmol diet plus furosemide (three 40 mg

doses over 8 hours) the following day.
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Salt Sensitivity of Blood Pressure: A Scientific Statement From the American Heart Association.
https://doi.org/10.1161/HYP.0000000000000047

National Academies of Sciences, Engineering, and Medicine. 2005. Dietary Reference Intakes for Water, Potassium, Sodium,
Chloride, and Sulfate. Washington, DC: The National Academies Press. https.//doi.org/10.17226/10925.



Normotensive individuals respond with variation in high salt intake

Normotensive Adults
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National Academies of Sciences, Engineering, and Medicine. 2005. Dietary Reference
Intakes for Water, Potassium, Sodium, Chloride, and Sulfate. Washington, DC: The
National Academies Press. https://doi.orqg/l10.17226/10925.



Salt intake and output
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Guyton: The Renal-Centric View

w Normal
- Salt-insensitive

- Salt-sensitive

High intake E B B’

Normal Essentigl

hypertension
Normal intake D A
C
T
0 50 100 150

Arterial pressure (mm Hg)

Normotensives

Hypertensives

TR 00%

SR
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Impaired renal function to excrete sodium in the urine

| Kurtz and Morris : The Vascular-Centric View

ECFV expansion

|

Increased cardiac output

Significant from low to moderate Na diet

Increased PVR None from moderate to high Na diet
|

Chronic BP elevation

ECV and total body mass have non-linear responses to increased salt:

high-salt diet
normal (compared to salt resistant) sodium accumulation,
normal volume expansion

normal cardiac output adjustments

R W N e

subnormal vasodilatory response to increased salt in the absence of abnormal salt retention
and before systemic vascular resistance increases above baseline

N Engl J Med 2021,;385:1981-93. DOI: 10.1056/NEJMra2030212



Bie: The RAS-humoral centred View

In slow rates of iv NaCl there is an increased Na excretion but no measurable change in BP

So is BP elevation necessary to get rid of Na?

But is there a role for salt in hypertension?

A
Salt

ECFV (Sensed by low-p%ssure stretch receptors) =
E

VYPRA ‘:CE)

U 3

v Sodium Reabsorbing -
4 8

Natriuresis
-150 60 70 80 90 100 110
MABP (mmHg)

Bie Am J Physiol Regul Integr Comp Physiol 315: R945—-R962, 2018.First published August 15, 2018;
doi:10.1152/ajpreqgu.00363.2017



Titze: The osmotic vs non-osmotic Sodium

Is salt in — salt out a true story?

After a salty meal 40% of the increase in TBS cannot be accounted for by the body mass increase and

thus represents the fraction of the TBS increase which is osmotically buffered
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The revised mosaic theory: Salt and inflammation
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Cell Mol Immunol. 2022 May;19(5):561-576. doi: 10.1038/s41423-022-00851-8. Epub 2022 Mar 30. PMID: 35354938; PMCID:
PM(C9061754.



AAati kot Aptnplakn Mieon  (take it with a grain of salt...)
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1996: Intersalt revisited
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Epidemiological Studies on Sodium or Salt Intake and Blood Pressure

References Study Design Results?
G, Roseet al., 1988; Intersalt Study, 10,079 men and women, Significant positive correlation with uri-
“ Stamler etal.,  cross-sectional in 32 countries nary Na and slope of blood pressure with
1989 age, but not median BP or prevalence of el-
evated BP

In 4 remote locations where sodium intake
was very low, BP was low for all ages
Frostetal., 1991 12,773 men and women, cross-sectional data Significant association between blood pres-
from 14 published studies sure and sodium intake (p < 0.001)

Elliott et al., 1996 Intersalt Study, 10,074 men and women, SBP of individuals was positively associated
cross-sectional with sodium excretion

Tunstall-Pedoe, Scottish Heart Health Study, cross-sectional, n Weak association between urinary sodium
1999 = 11,629 men and women and blood pressure
Liuetal,, 2000 WHO-CARDIAC Study, 1,151 Chinese and 1,681 SBP was positively associated with sodium
Japanese men and women, cross-sectional ~ excretion in Japanese, while both SBP and
DBP was associated with sodium excretion

in Chinese
4 Na = Sodium, BP = blood pressure, DBP = diastolic blood pressure, SBP = systolic blood pressure.

https://www.nationalacademies.org/read/10925/chapter/8#326



Systolic blood pressure (mm Hg)

AAat kal Aptnplakn Migon

The provocative Lancet paper (2016)

152

148 —

144
124 -

120 —

116

—@- Hypertension —@- No hypertension

2-08 mm Hg per g sodium
(p<0-0001)*

p<0-0001
for interaction

1-22 mm Hg per g sodium
(p<0-0001)*

1 1 | | |
<3-00 3-00-3-99 4-00-4-99 5-00-5-99 6-00-6-99 =7-00

Urinary sodium excretion (g/day)

(take it with a grain of salt...)

133,118 individuals

909 0-72 mm Hg per g sodium
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Associations of urinary sodium excretion with cardiovascular events in individuals with and without hypertension: a pooled
analysis of data from four studies
The Lancet, 2016; 388, 465-475



AAati kot Aptnplakn Mieon  (take it with a grain of salt...)

The WHO meta-analysis (2013) or more robust evidence (RCT) suggest..

Mean (SD)/Total No of participants

Study Very low Low sodium Mean difference, inverse Weight Mean difference, inverse
sodium intake intake variance random (95% CI) (%) variance random (95% CI)
o Sodium reduced to <2 g/day v22 g/day
2 DASH 2001°%7 126.0 (6.8)/192 130.6 (6.8)/192 = 46.40  -4.60 (-5.96 t0 -3.24)
é DASH 2001°/ 123.8 (6.6)/198 125.5 (6.6)/198 | 46.90 -1.70 (-3.00 to -0.40)
S Macgregor 19897° 147.0 (18)/20 155.0 (13)/20 6.70  -8.00 (-17.73t0 1.73)
u>’~ Subtotal 410 410 < 100.00 -3.47 (-6.18t0-0.76)
(2 Test for heterogeneity: 1°=3.63, %’=10.10, df=2, P=0.006, I’=80%
(@] Test for overall effect: z=2.51, P=0.01
2
E Sodium reduced to <1.2 g/day v21.2 g/day
T Macgregor 19897° 147.0 (18)/20 155.0 (13)/20 . 100.00 -8.00 (-17.73t0 1.73)
Subtotal 20 20 ——EEEE—— 100.00 -8.00(-17.73t01.73)

Test for heterogeneity: Not applicable
Test for overall effect: z=1.61, P=0.11

-20 -10 0 10 20
Favours Favours
greater lesser
reduction reduction

The totality of evidence suggests that most people will likely benefit from reducing sodium intake.

BMJ 2013;346:f1326 doi: 10.1136/bmj.f1326 (Published 5 April 2013)



Mean baseline sodium intake
Low (<109 mmol)
Usual (=109 to =209 mmol)
High (>209 mmol)
Unknown

Blood pressure status

Normotensive

-52(-109 to 6)
-87(-183t0 8)
-204 (-336 to-28)
-173 (-237 to -58)

-158 (-341 to -40)

Mix of normotensive and hypertensive -121 (-237 to 6)

Hypertensive
Mean baseline SBP
<120 mm Hg
2120 to <130 mm Hg
>130 to <140 mm Hg
>7140 to <150 mm Hg
>150 to <160 mm Hg
=160 mm Hg

-116 (-331t0 8)

-189 (-341 to -50)
-122 (-328 to 6)
-102 (-305to-12)
-106 (-285t0 8)
-137(-331 t0-53)
-103 (-265 to -28)

6
76
51

58

75

35
25
19
29
19
12

1701

8083

2261
152

4402
3533
4262

1331
5325
2369
1574
608
912

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

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

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

.

‘o

'|"I""-|-,|,

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

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

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

BMJ 2020;368:m315 http://dx.doi.org/10.1136/bmj.m315



B Study design pj'j Systematic review | >!< Excluded pregnant women and patients

with meta-analysis | /@ with chronic kidney disease or heart failure

k¥ Data sources . 133 trials | i 12 197 participants aged >18 years

§° Comparison Intervention Comparator

Reduced o) Usual or higher S
salt intake ' 3 salt intake Catamty

Change of systolic
i Outcomes Data 2 | blood pressure’ (95% ClI) | Evidence quality
points ' -6 3 0 (GRADE score)
All studies 135 12173 —5— *xx* High
Studies <14 days 77 2977 —— # %% High
Studies >14 days 58 9196 ——— * % %% High
Studies >14 days and

salt reduction <100 mmol fe N s 10 I kkkx High

BMJ 2020;368:m315 http://dx.doi.org/10.1136/bmj.m315



(ﬁ( Cochrane
s/o# Library

Cochrane Database of Systematic Reviews

Effects of low sodium diet versus high sodium diet on blood

pressure, renin, aldosterone, catecholamines, cholesterol, and
triglyceride (Review)

Graudal NA, Hubeck-Graudal T, Jurgens G

Cochrane Database of Systematic Reviews 2020, Issue 12. Art. No.: CD004022.
DOI: 10.1002/14651858.CD004022.pub5.



O

Cochrane
Library

Outcomes Mean Difference No of Participants
(95% ClI) (studies)

White population, normotensive, SBP -1.14[-1.65t0 -0.63] 5982

(95)
mmHg -1.38[-1.87,-0.89]*
White population, normotensive, DBP 0.01 [-0.37 to 0.39] 6276

(96)
mmHg -0.37 [-0.78, 0.04]*
White population, hypertensive, SBP -5.71[-6.67 to -4.74] 3998

(88)
mmHg -5.32 [-6.36,-4.28]*
White population, hypertensive, DBP -2.87[-3.41t0-2.32] 4032

(89)

mmHg

-2.76 [-3.38,-2.13]*

Outcomes Mean difference No of Participants
(95% CI1) (studies)

Black population, normotensive, SBP -4.02 (-7.37 to -0.68) 253

(7)
mmHg
Black population, normotensive, DBP -2.01 (-4.37 to 0.35) 253

(7)
mmHg
Black population, hypertensive, SBP -6.64 (-9.00 to -4.27) 398

(8)
mmHg
Black population, hypertensive, DBP -2.91 (-4.52 t0 -1.30) 398

mmHg

* Qutcome of studies with duration of at least 7 days and high sodium intake of maximum 250 mmol

Cochrane Database of Systematic Reviews 2020, Issue 12. Art. No.: CD004022.
DOI: 10.1002/14651858.CD004022.pub5.



The Na-K Exchange Saves Lives

A Ssystolic Blood Pressure (mm Hg)

Time Point

Baseline

12 Mo

24 Mo

36 Mo

48 Mo

60 Mo

Fixed-Effects Model
Heterogeneity: 17=0%; P=0.52

Salt Substitute  Regular Salt

no. of participants

10,504 10,491
768 658
1,412 1,374
584 584
587 559
7,436 7,081

Mean Difference (95% Cl)

-0.40 (~2.50 to 1.70)
-4.60 (-8.10 to -1.10)
-1.30 (-4.10 to 1.50)

-4.90 (-8.75 to ~1.05)
-3.80 (~7.60 to 0.00)

~3.40 (-5.00 to -1.80)
-3.34 (-4.51 to -2.18)

B Diastolic Blood Pressure (mm Hg)

Time Point

Baseline

12 Mo

24 Mo

36 Mo

48 Mo

60 Mo

Fixed-Effects Model
Heterogeneity: 17=0%; P=0.73

Salt Substitute ~ Regular Salt
no. of participants

10,504 10,491
768 658
1,412 1,374
584 584
587 559
7,436 7,081

-0.30 (~1.55 to 0.95)
-1.00 (-3.55 to 1.55)

0.00 (~1.85 to 1.85)

0.70 (~2.30 to 3.70)
-1.70 (~4.40 to 1.00)
-0.80 (-1.70 to 0.10)
~0.67 (-1.39 to 0.05)

The potassium switch!!!

Neal et al, NEJM 2021
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