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Old debates

* uncertainty of the relationship between sodium and CV risk?
* unclear guideline for optimal salt reduction?



Evidence of sodium intake
with CV risk
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Experimental Study in Chimpanzees
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Fig 1. Blood pressure in chimpanzees that either continued on their usual
low-salt diet or were given an increased salt intake. At the end of the 20-
month study, the salt supplements were stopped and blood pressure
declined to that of the control group. Adapted from Denton et al'®

He FJ, MacGregor GA. Reducing Population Salt Intake Worldwide: From Evidence to
Implementation. Progress in Cardiovascular Diseases 2010,;52:363-382
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Dahl LK. (reprint) Possible role of salt intake in the development of essential hypertension.
International Journal of Epidemiology 2005,34:967-972

Dahl LK. Possible role of salt intake in the development of essential hypertension. 1960.
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Figure 1 Correlation of average daily salt (NaCl) intakes with
prevalence of hypertension in different geographic areas and among
different races



B

AEHOEN 17 ALY
¢

Salt and Stroke
2210 =
Portugal
IE'"] T hn‘mz
P=< .001
1480 1
Deaths From
Stroke 1210 4 mrﬁmln
(per 10° 4o Nireland =
per ]I"HHI'} &W Gm"lnany
810
Denmark
670 { Iceland
550

75 80 85 90 985 100 10s

Urinary Sodium Excretion
as grams of salt/day

Fig 10. Relationship between salt intake and deaths from stroke in 12
European countries. Adapted from Perry and Beevers.”
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Figure 1. Mean Systolic and Diastolic Blood Pressures at Base
Line and during Each Intervention Week, According to Diet, for
379 Subjects with Complete Sets of Weekly Blood-Pressure
Measurements.

DASH dietary intervention/ clinical trial
study

Lawrence J Appel, Thomas J Moore, Eva
Obarzanek, William M Vollmer, et al. A
clinical trial of the effects of dietary
patterns on blood pressure

The New England Journal of Medicine.
1997. Vol. 336, Iss. 16; pg. 1117, 8 pgs
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Figure 3 Relationship between the net change in urinary sodium
excretion and systolic blood pressure. The open circles represent
normotensives and the solid circles represent hypertensives. The
slope is weighted by the inverse of the variance of the net change
in systolic blood pressure. The size of the circle is in proportion to
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2002;16(11):761-70.
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ORIGINAL ARTICLE

Blood pressure response to changes
in sodium and potassium intake:

a metaregression analysis

of randomised trials

M Geleijnse-?, F] Kok and DE Grobbee?®

‘Division of Human Nutrition & Epidemiology, Wageningen University, The Netherlands: *Julius Centre
Sfor Health Sciences and Primary Care, University Medical Centre Utrecht. The Netherlands
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* systematic error: selection bias, information bias

* ecological fallacy vs. atomic fallacy
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INTERSALT debates

INTERSALT - Salt Intake and the Rise in Blood
Pressure with Age
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INTERSALT debates

* correction for regression dilution bias:

1.

The gist is that if an association between two variables—such as salt and blood
pressure—is real, any errors in measuring exposure to either variable will only
serve to “dilute” the apparent cause and effect.

HYE 3 Anst AaE 208

T —

=
Davey Smith 2] Bt£: “O level mathematical mistakes”, “an inappropriately
inflated estimate.”

Gary Taubes. The (Political) Science of Salt. Science. 1998,;281:98-907.
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Randomized controlled trials have the
greatest capacity to enlighten guideline
recommended for sodium intake....... To be
convincing these finding would first have to
be replicated in high-quality studies.

Whelton P. K. JAMA. 2011;306:2262-2264
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* In the early 1980s, London School of Tropical Medicine and Hygiene epidemiologist
Geoffrey Rose suggested another reason why the intrapopulation studies might fail to
detect benefits of salt reduction that could still have a significant public health
impact. Rose speculated that if the entire developed world consumed too much salt,
as ecologic studies suggested, then epidemiology would never be able to link salt to
hypertension, regardless of how causal the relationship. Imagine, he wrote, if
everyone smoked a pack of cigarettes daily; then any intrapopulation study “would
lead us to conclude that lung cancer was a genetic disease ... since if everyone is
exposed to the necessary agent, then the distribution of cases is wholly determined
by individual susceptibility.”

915 WHI QMK Hgo| 2X|
oj0] BE ARS)/Z7Hs 917 A7|0f Hlo) Dk 23S MDYt
> QHM MSE QAR vs. B AT HH0| Qo) DHY 5 2H) LA

Gary Taubes. The (Political) Science of Salt. Science. 1998,281:98-907.
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Talde 3. Odds ratice (ORs) and 95% confidence intervalz (Clz) according to the intake of selected nutrients of the normotensive and hyperiensive subjects
{Chung ince, KNHANES IIl) /_\wcn

MNormotensive (n=392) Hypertensive (n=152) /Crude ORs Muitivariate ORs"

129 56 1 1
130 B 081 {0.38-0.98) 0.59 (D.26-1.35)
130 53 077 (D£2-1.41) 0.54 (D.21-1.38)
0.485 0.216
Potassium (mg)
T1 (=2,197.1) 129 =T 1 1
T2 (2,187.1-= 3,153.6) 130 4 0.71 {0.£0-1.27) 043 (0.20-0.83)
T3 (= 3.153.8) 130 47 0.72 {0.34-1.50) 0.35 (0.11-1.07)
P for trend 0.438 0.088
Calcium {mg)
T1 (=380.3) 129 63 1 1
T2 (380.5-=57286) 130 M 0.54 {0.33-0.91) 043 (0.21-0.88)
T2 (= 572.8) 130 48 0.82 (0.£6-1.47) 043 (D.20-0.50)
P for trend 0620 0.040
SadiumdPotassium ratio
T1 (=1.5740) 130 47 1 1
T2 (1.5740- « 2.2040) 130 35 0.69 {0.34-1.37) 0.70 (0.35-1.38)
T3 (= 2.200) 129 62 125 (0.73-2.13) 1.22 (0.76-1.58)
P for trend 0254 0.212
SadiumdCalcium ratio
T1 (=8.5110) 130 4 1 1
T2 (B.6110- = 12.524E) 130 40 0.89 {0.66-1.21) 0.78 (D.46-1.33)
T3 (= 12.6246) 129 B4 1.58 (1.01-247) 210 (1.25-3.52)
P for trend 0.042 0.002
Following the instruction for eating a healthy diet (ex. reducing salt consumpbon)
take action 13 40 1 1
fry to practice 1654 59 1.29 (0.82-2.03) 1.24 (0.B6-2.35)
do not practice o7 g1 1.58 {1.08-3.62) 1.64 (0.88-2.04)

"ﬁJ:IjL.sm:I for age (19-29, 30-49, 50-64, > 65), sax, education (midde school or lower, high school, college or higher), BM, alcohal drinking (drinker, non-drinker) and enengy

intake,

Jung-Sug Lee, Juyeon Park and Jeongseon Kim. Dietary factors related to hypertension risk in Korean adults-data from the Korean
national health and nutrition examination survey Il Nutrition Research and Practice (Nutr Res Pract) 2011;5(1):60-65
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Figure 1. Hazard Ratios for Death from Any Cause and from Any Cause Except Respiratory, According to BMI and Smoking History.

Data are from the KCPS, 1993 -2004.'%13 The reference category was a BMI of 23.0 to 24.9. Results for men who reported having smoked
cigarettes were further adjusted for whether the subject was a former smoker or a current smoker and the number of cigarettes smoked

per day (1 to 9, 10 to 19, and 20 or meore). All hazard ratios were adjusted for age.
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7.0+
4.0
2.0
1.0
. Women
“* who never
0.5+ smoked
' % Men who never
0.9 h smoked
“% Men who smoked
014 1 L I R S 1 1 1
0 160 185 20522.023525.026528.0 30.0 320 340

Jee SH et al. Body-Mass Index and Mortality in Korean Men and Women. N Engl J Med

2006,355:779-87.
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Sodium J curve
c

Fig. 2
= 20

- L
= f’”‘f i
L) (4]
T Ly T

CYD

— SHP

1 2 3 4 5

Sodium intake (g/day)

The relation of dietary sodium intake to systolic blood pressure (SBP)
and cardiovascular events (CVD). In normotensive persons a decrease
in sodium intake of 160mmol produces a 1.2 mmHg fall in systolic
blocd preasura.

c 23 8FH7I =2 XAAZ0M, T2 234
F|= CVDe} °'“-l 2AE Ho|L}, S dF
ZIIME B2 A2 MF o BEHE, Plasma

Renin Angiotensin, ul Zt M A=A 3}, insuline
resistance S| g u}7} €Q ZtAo| GuIE AF
M Aoz 2.

Table 3 Health cutcomes associated with lower versus higher
sodium intake: moderate-intake socleties

Siluicky fesar i Ma™ {mgpfday) Chitcome
HHS [12] 1885 i 2000 L=H
WSH [13] 1095 u 2800 L=H
SHS [20] 1897 ] ¥ il Ised
HRS [18] 1997 i 3000 L=H
HNHAKES | [18] 1598 8] 2400 L=H
MRFIT [17] 2000 i o1 L=H
NHANES | [18]" 2000 | 2000 L=H
NHANES Il [15] 2006 B 2718 L=H

D, sodium estimated by dest (D) or 24-h unme collection (U): H, legher sodium
ntake; HHS, Honolulu Hean Study; HPS, Heahh Prolessionsls Follow-up Studyz L,
bvwer sodim intake; MRAT, Multiple Risk Faclor Intervention Trial, MHAMES,
Malional Health and Nubrlion Examination Survey; SHS, Scottish Hear Healih
Siudy: WEH, Worksite Hyperension Siudy. " 28% obese.

Table 4 Health culcomes associated with lower versus higher
sodium intake: high-intake societies

Siluicy Year oyl Ma™ {mgfday) Chitcome
FHS [21] 2001 U +4600 L<H
Takayama [14] 2005 L + 5400 L<H

DV, sodium estvmated by diet (D) e 24-h wrine collection (U, FHS, Finish Heart
Study; H, higher sodum intake; L lower sodium intake.

Alderman M. H. J Hypertens. 2007;25:903-907
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MS as salt sensitivity: =2 3 Al
/

(mmHg) 5403 n=334 n =362 n=187 n=2628 n=418 n =437 n=275
150
P fortrend = 0,107 B trond = 0.928 Pfortrend = 0.238 P for trend = 0,905
140 |
P for trend = 0.049 P for trend = 0.075

130 -

120 pfortrend = 0.860 P fortrend = 0.778
110 | i

90 |

80 ]

Q10203040501 Q2Q30405Q1 Q203040501 02030405 Q10203040501 Q2030405010203 Q40501 Q2 Q30405
Tol-) Ta(+) T(-) Txi+) Tx(-) Tx(+) Tx(-) Tx(+)
MetS(-) MetS(+) MetS(-) MetS(+)

=

=

Overtdiabetes were excluded Overt diabetes were included

Kim BK, Lim YH, Kim SG, Kim YM, Shin J. Relationship between sodium intake and blood pressure according to metabolic syndrome status in the Korean
National Health and Nutrition Examination Survey.Blood Press Monit. 2012 Jun;17(3):120-7.
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Table 1. Prevalence rates for normotensive, borderline and hypertensive blood pressures

— (%)
Male Female

Normotensive Borderline Hypertensive Normotensive Borderline Hypertensive

Systolic 69.8 20.6 9.6( 6.6) 80.9 12.3 6.8( 4.3)

Diastolic 65.4 150 19.6(17.8) 76.3 10.9 12.8(10.0)

Combined 56.4 30.6 14.0(10.8) 69.8 20.4 9.8( 7.5)

( ) age adjusted

______ —— Male
- ~---- Female
5% - i ) Fe

1 I A L L
30-39 40-49 50-59 60-69 TO& over Age

Fig. 9. Prevalence rates of hypertension by age and
sex.

Kim IS et al. Yonsei Medical Journal. 1982;23:15-25
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Fl'r)ll"‘:ietmed lifestyle recommendations to lower blood pressure
Lifestyle Modification Recommendation
Weight loss For overweight or obese persons, lose weight, ideally attaining a body mass index <25 kg m”
For non-overweight persons, maintain desirable body mass index <25 kg m”
Reduced sodium intake Lower sodium intake as much as possible, with a goal of no more than 2300 mg d in the

genera population and no more than 1500 mg d in blacks, middle- and older-aged persons.
and individuwls with hypertension. diabetes, or chronic kidney disease

DASH-style dietary pattern Consume a diet rich in fruits and vegetables (8- 10 servings dj, rich in low-fat dairy products
(2-3 servings d). and reduced in saturated fat and cholesterol

Increased potassium intake Increase potassium intake o 4.7 gm d. which is also the level provided in the DASH diet

Moderation of alcohol intake For those who drink alechol, consume _2 alcoholic drinks per day (men) and _1 alcohol

drinks/d (women)”

DASH. Dictary Approsches to Stop Hypertension.
* One alcoholic drink is defined as 12 oz of regular beer, 5 oz of wine (12% alcohol), or 1.5 oz of 80 proof distilled spir'[ts.'f’

Lawrence J. Appel, MD, MPH, on behalf of the American Society of Hypertension Writing Group. ASH position paper: Dietary approaches to lower
blood pressureJournal of the American Society of Hypertension 4(2) (2010) 79—89
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In the early 1980s, London School of Tropical Medicine and Hygiene epidemiologist
Geoffrey Rose suggested another reason why the intrapopulation studies might fail to
detect benefits of salt reduction that could still have a significant public health
impact. Rose speculated that if the entire developed world consumed too much salt,
as ecologic studies suggested, then epidemiology would never be able to link salt to
hypertension, regardless of how causal the relationship. Imagine, he wrote, if
everyone smoked a pack of cigarettes daily; then any intrapopulation study “would
lead us to conclude that lung cancer was a genetic disease ... since if everyone is
exposed to the necessary agent, then the distribution of cases is wholly determined
by individual susceptibility.” Thus, as with salt and high blood pressure, the clues
would have to be “sought from differences between populations or from changes
within populations over time.” By the same logic, cutting salt consumption a small
amount might have little effect on a single individual—just as going from 20
cigarettes to 19 would—but a major impact on mortality across an entire population.
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Salt Reduction vs. Tobacco Control

Potential impact on CVD & estimated cost associated with
implementation in 23 low- and middle-income countries

15% reduction in 20% reduction in
salt intake smoking prevalence
10
g -
a o
Number of 7 1
CVD deaths 6 -
averted 5
tzgs‘l-gisa 47
- V/ //
'y O
=
0.30 4
o 7
. ] /
0.00 ///ﬁ

Fig 14. Number of CVD deaths averted and the financial costs associated with implementation of salt reduction and tobacco control in 23 low- and middle-
ncome countries. Adapted from Asaria et al.'*®
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