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Salt intake and Chronic disease

e Blood pressure

e (Cardiovascular outcomes

— Stroke
— Congestive Heart Failure
— Left ventricular hypertrophy

e Renal damage

e (Calcium metabolism

— Hypercalciuria
— Calcium kidney stones
— Bone demineralisation / osteoporosis / fractures

e Stomach cancer
e Fluid retention
e (Cataract
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reduction in dietary salt intake reduces blood

pressure in adults and children
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The lower the salt,
the lower the blood pressure
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Risk of stroke associated with salt intake in
population

Study Sample Events Follow-up Relative risk Sodivm difference Relative risk
size (years) (95% C1) (mmol/day) (95% CI)
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He 1999°
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Associations between salt intake and CVD risk
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The ‘Four Cornerstones’ hypothesis

High Blood Pressure <4 High Sodium Intake

>

9 High Urinary Calcium

Kid ney Stones _ Bone Mineral Loss

Cappuccio FP et al. J Nephrol 2000; 13: 169-77 WA MI C l(




Sodium intake, urinary calcium and BP

High Blood Pressure

4—( High Sodium Intake

High Urinary Calcium

- Animal studies

- Population studies: high sodium is associated with high urinary calcium

and high blood pressure

- Evidence of independent associations

- Intervention studies: an increase in sodium intake causes an increase in
calcium excretion and blood pressure
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High salt intake is associated with
urinary calcium losses, independent of BP
(100 mmol Na ~ 1 mmol Ca)
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Relationship between sodium and calcium
excretion in 47 elderly subjects
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Stone-formers (n=36) Population controls (n=108)
Slope: 0.92 mmol Ca/ 100 mmol Na Slope: 0.98 mmol Ca / 100 mmol Na
95% Cl: -0.60, 2.40 95% CI: 0.40, 1.50

16 16

; ; 12 [
3 3 .
© ©
E E
E E
E E
= 3
K 9
m 2]
[} 4]
= =
[ ]
g = =
= =
L
0
0 100 200 300 400

Urinary sodium {mmaol/day) Urinary sodium {mmaol/day)

Timio F et al. Blood Pressure 2003; 12: 122-7 WA MI C ]<




Salt intake is the major determinant
of urinary calcium excretion
3 Incremental
Vinowd Diee § period High Sait Uigwal Diet
i 3
£ I

Figure 1 Urinary sodium exeretion with associoted changes in urinary ealcium sxcretion following dietary alteration, Inset: Coerrelation
between urinary sodium and calcium excretion, including values immediately before and after distary alteration. r=0.81; P=0.001.

Saggar-Malik AK er al. ] Hum Hypert 1996; 10: 811-3 WA wl C ]<
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High urinary calcium and blood pressure

High Blood Pressure

Renal Calcium Leak - genetic tubular defect (?)

Central Blood Volume - inherited kidney’s defect in sodium handling (?)

High Urinary Calcium

- In several animal models of hypertension

- In 11-year old children in the upper quartile of BP distribution
- In hypertensives vs normotensives

- In population-based cross-sectional studies

- Even in fasting conditions

WARWICK




High BP associated with urinary calcium loss,
independent of salt intake
(10 mmHg ~ 0.2 mmol Ca)

7.5. 3.
T b — Whites
E
*E E =0 / 2. == Blacks
E E ._—-—-'F"‘-g::: /:"::: .
g E )5 = L. f — Asians
ﬂ -
0.0 : : : , 0 : .
50 100 150 200 250 50 100 150 200 250
Systolic blood pressure Systolic blood pressure
(mmHg) {mmHg)

Blackwood A et al. J Hum Hypert 2001; 15: 229-37 WA MI C l<




e High blood pressure is associated with increased urinary calcium
excretion
e experimental hypertension
e pre-hypertensive children
e case-control
e population

* The effect is independent of sodium intake, although a high sodium
diet increases both urinary calcium excretion and blood pressure

e Suggested mechanisms
e primary renal calcium leak

* effect of corrected volume expansion
e Life-time consequence in hypertension
e higher incidence of kidney stones
e greater and faster bone demineralisation
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Metabolic features of hypercalciuria

| High Urinary Calcium |

v
Lower Plasma Calcium |
l Higher Calcium
Higher P.T.H. > Resorption (Bone
Mobilisation)

Higher Intestinal
| Higher 1,25 OH vitamin D I > Calcium
Absorption
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High urinary calcium and kidney stones

High Blood Pressure

S High Sodium Intake

High Urinary Calcium

Kidney Stones

- High urinary calcium commonest cause of
kidney stones

- Urolithiasis more common in animal
hypertension

- Kidney stones more prevalent amongst
hypertensives

- Hypertension predicts the incidence of kidney
stones

WARWICK




TABLE I- PROSPECTIVE STUDIES OF HYPERTENSION AND KIDNEYSTONES

Relative risk of kidney stones in hypertensive people

Author Sex Cases (%) Controls (%) Relative 95% CI
Hypertensive Normotensive Risk
Cappuccio (1999) Men
all 19/114 (16.7) 33/389 (8.5) 1.8% 1.12-3.18
untreated only 14/82 (17.1) 33/389 (8.5) 1.94g L10-3.43
Borghi (1999) Men & Women 19/132 (14.3) 4/135 (2.9) 5.5 1.82-16.7
Madore (1999) Men /10428 2/36990 0.9%9: 0.82-1.21
Madore (19949) Women n/a n/a 1.01s (0.585-1.20

1 ageadfusted,; § multiple adjustments.

Relative risk of hypertension in stone formers

Author Sex Cases (%) Controls (%) Relative 95% CI
Stone-formers MNon stone-formers Risk

Strazzullo (unpub.) Men 19/58 (32.7) 45,323 (13.9) 1.9 1.25-3.07

Madore (19949) Men 466,/ 2676 (17.4) 4613,/35133 (13.1) 1.30n 1.16-1.45

Madore (1994 Women 4949,/2109 (23.7) 12041/656636 (18.3) 1.368 1.20-1.4%

5 age-adjusted.

Cappuccio FP et al. J Nephrol 2000; 13: 169-77 WA MI C ]<
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Blood pressure and bone mineral density

High Blood Pressure

High Urinary Calcium

- SHR and MSH have high calcium excretion

na lawus hana minaval cAandkand
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()]

- In elderly women faster bone mineral loss in
those with higher blood pressure

Bone Mineral Loss
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High blood pressure is associated with faster loss in femoral-
neck bone-mineral density over 3.5 years in 3,676 white women
(66-91 yrs) not taking thiazide diuretics
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Results are adjusted for age, initial bone-mineral density, body weight, weight change, smoking and use of hormone-replacement therapy.

Cappuccio FP et al. Lancet 1999; 354: 971-5

WARWICK




Low bone mineral content of the distal forearm is
associated with a higher mortality from CVD in

postmenopausal women (>60 yrs)
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Von der Recke P et al. AmJ Med 1999 ; 106: 273-8
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High salt intake and bone mineral density

High Sodium Intake

High Urinary Calcium

High salt intake is associated with

high hydroxyproline excretion

reduction in bio-markers of bone
formation

reduced peak bone mass in young girls

higher rate of bone mineral loss in
postmenopausal women

Bone Mineral Loss
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High salt intake is associated with faster bone mineral
density (BMD) loss at the hip in a 2-year follow-up
study of postmenopausal women

>

e

s 10 g
> 5

E

o 0

=

s 73

= -10

L

2 =15

2

S =20 =g 2 4 6

Urinary Sodium (g/day)

Devine A et al. Am J Clin Nutr 1995; 62: 740-5 W A MI C l<




Implications

e The estimated effects on calcium excretion are
— 1 mmol calcium per 100 mmol of sodium change
— 0.2 mmol calcium per 10 mmHg mean BP change

e These changes, if sustained over decades, may be
responsible for the effects on total body calcium balance

S0 55 60 65 70 75 80 85

Estimated BMD loss on a 100 mol/day lower
- salt intake (~0.5% per year)

Estimated BMD loss
(1% per year)

Age (years)
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SALT INTAKE
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Salt intake and stomach cancer
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Salt intake and stomach cancer

The Hisayama study (1988-2002)
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Salt intake and risk of gastric cancer
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Salt intake and stomach cancer

e Potential mechanisms:

— High dietary salt alters viscosity of mucous, hence
facilitating exposure to carcinogenic agents such
as nitrates

— Persistent inflammation may promote cell
proliferation and endogenous mutations

— In the presence of H. pylori infection and atrophic
gastritis, high salt exacerbates mucosal damage

WARWICK
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Salt

e ‘Idiopathic oedema’

— Treated with diuretic, but rebound sodium and fluid
retention — avoided by low salt intake before diuretic is
stopped

MacGregor GA et al. Lancet 1975;i:489-91
MacGregor GA et al. Lancet 1979;i:397-400

e Congestive Heart Failure
— High salt intake may trigger CHF by

e Pressure overload (increase in BP)

e Volume overload (extracellular fluid retention)
He J et al. Arch Int Med 2002;162:1619-24

e Rebound Fluid retention

— Anorexia nervosa
Missouris CG et al. Lancet 1992;339:1546
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21-yr old woman

4-y history of anorexia nervosa and diuretic
misuse

Wt 41.3kg; Ht 154.5cm; BMI 17.3kg/m?
BP 96/66mmHg <> 67/56mmHg 1T

On frusemide 120mg and bendrofluazide
15mg daily

SK* 1.5mM; SHCO;" 37mM; SNa* 129mM
Patient had insight into her condition

Keen to stop diuretics, bur worried of
rebound retention of sodium and water
and large gain in weight

Admitted to a metabolic ward

Missouris CG et al. Lancet 1992;339:1546
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Weight, plasma renin activity and 24 h urinary sodium excretion.
Note log scale for plasma renin activity.
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Salt intake and cataract

Case-control study
e Milan, Italy 1985-93

e 207 patients (139 men) with
cataract extraction

e 796 controls (450 men)
e Median age 62.5 yrs

e Diet by FFQ

e Tertiles of Na intake (or 95% ci)
— Low 1
— Medium 1.7 (1.1-2.8)
— High 2.4(1.4-4.0)
P<0.01

Cross-sectional study

e Sydney, Australia 1992-94

e 2,873 menand women

e Median age 65 yrs

e (ataract by lens photograph

e Diet by FFQ

e (Quintiles of Na intake (or95% ci)
- | (~1,3 g/day) 1
T 1.1 (0.6 —1.9)
— 1.2 (0.7 -2.2)
-V 1.2 (0.7 -2.2)
— V (~3.2g/day)2.0 (12 - 34)
P=0.006

Biological plausibility: higher levels of extracellular sodium might make it more difficult for sodium
pumps to maintain the low levels of intracellular sodium necessary for lens transparency

Tavani A et al. Ann Epidemiol 1996;6:41-6

Cumming RG et al. Am J Epidemiol 2000;151:624-6 WA MI CK
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- Stomach cancer
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