Definition and Prevalence of Salt Sensitivity and Salt-sensitive Hypertension
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Abstract

|

High sall intake is associated with significantly increased risk of stroke and totai cardiovascular disease. Reduction in habitual
dielary salt intake of 6 gfday decreases systolic and diastolic BP, but not in all hypertensive subjecis. Salt sensitivity is defined
as the tendency for BP to fall during dietary salt restriction and rise during salt supplementation, Salt sensitivity is diagnosed by
a low and high salt diet protoco! or a rapid sodium, volume expansion and contraction protocol. Prevalence of salt sensitivity
ranged from 30 to 60% in hyperiensive subjects and from 15 to 46% in normotensive subjects. Salt sensitivity is more
frequently found in hypertensive subjects, blacks, aged people, and women, (J Med Life Sci 2012;9(2%:123-127)
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| Introduction |

All guidelines for hypertension management recommends
dietary salt intake less than 5-6 g per day. Although the
criticism still exists, the causal relation between dietary salt
intake and blood pressure (BP) has been established through
experimental, epidemiological, and intervention studies. The
INTERSALT study assessed the relationship between BP and
sodium intake, which was measured by 24-hour urinary
sodium excretion, in a very large sample {almost 11.000) of
men and women aged 20-59 vears from 52 centers in 39
countries (Fig. 1)."® Within centers, sodium excretion was
significantly related to BP in individual subjects, Cross
center analyses of sodium excretion and median BP showed
a weak, but significant positive relationship when all 52
centers were included. A meta-analysis of randomized
controlled trials of salt reduction and BP revealed that a
reduction in habitual dietary salt intake of 6 g a day would
be associated with reductions in systolic/diastolic BP of 7/4
mmHg in people with hypertension and 4/2 mmHg in those
without hypertension.® However, not ail individuals have
demonstrable changes in BP after high or low sodium
intake. Some individuals manifest large BP changes in
response to acute or chronic salt depletion or repletion, and
are termed "salt sensitive”. Salt sensitivity is defined as the
tendency for BP to fall during salt reduction and rise during
salt repletion/supplementation. Salt sensitivity or resistance
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is associated with genetic factors, race/ethnicity, sex, age,
and associated disease such as hypertension,
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Figure 1.. Relationship between salt intake and systolic
blood pressure (BP). The INTERSALT study™

1. Definition of salt sensitivity

" The concept of heterogeneity of BP responsiveness to
alterations in dietary sodium intake was first suggested by
Kawasaki et al® They measured BP after a normal (109
mmol/day). low (9 mmol/day). and then high (249 mmol/day)
sodium intake in 19 hypertensive subjects. BP fell
significantly with dietary salt restriction and increased
significantly back to baseline levels after the high salt
intake. They arbitrarily separated the subjects into two
groups: salt sensitive (n=9; 47%), those who demonstrated
at least a 10% increase in mean arterial pressure, and non-—
salt sensitive (n=10: 53%), those having smaller increases in
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BP when the low and high salt pressures were compared.
This heterogeneous BP response in hypertensive subjects
were also observed in the normotensive population. In a
study of 16 normotensive young men, BP was measured
after a 7-day pericd of 10 mmol/day sodium and then
successive 3—day periods of 300, 600 or 800, and 1200 or
1500 mmol/day. BP inclined significantly from the lowest to
the highest salt intake. However, the individual responses
were variable and ranged from an increase of 1.5% to 34%.%

1.9 arbitrarily defined salt sensitivity in

Weinberg et a
normotensive subjects as a decrease in mean arterial
pressure of at least 3 mmHg following the period of dietary
salt restriction and defined salt resistance as an increase of
the same magnitude. These demonstrafing changes between
these levels were considered indeterminate with respect to
classification. Using these criteria, they found that 42% of
these normotensive subjects were salt sensitive and 18%
were salt resistant, with the remainder indeterminate.

Many investigators have reported the resulis of studies in
normotensive and hypertensive subjects using alterations in
dietary sodium content and classifying the subsequent BP
responses, The criteria for the definition of salt "sensitivity,"
"non—sensitivity,” "resistance,” and "counter regulation” of BP
have varied markedly. To make the classification of salt
sensitivity easier, an acute intravencus saline challenge
coupled with salt reduction plus diuretic treatment to

achieve volume depletion has been developed. Weinberger et'

al.” utilized these techniques to characterize the salt
sensitivity of BP in 378 normotensive and 198 hypertensive
volunteers. Antihypertensive medications were discontinued 2
weeks before the study. The brotocol began with the
intravenous administration of 2 L normal saline (0.9%) over
4 hours in the merning. BP was measured at the completion
of the infusion at noon. On the following day, sodium and
volume depletion was induced by a 10 mmol sodium diet
and three doses of oral furosemide (40 mg each). BP was
again measured on the following morning. The responses
were heterogeneous and formed a normal distribution in
both normotensive and hypertensive groups. They arbitrarily
classified salt sensitivity as a decrease in mean arterial
pressure =10 mmHg and salt resistance as a decrease less
than {5 mmHg when the two BP measurements were
compared. Thbse with a decrease in blood pressure between
5 and 9 mmHg were considered indeterminate. The
reproducibility of this method was examined in the follow up
study.® Normal and hypertensive subjects (n=28) were
studied twice within a year. A reproducible (r=0.56, p<0.002)
response was observed among these 28 subjects, Four
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subjects changed categories on restudy {1 from resistant on
initial study to sensitive and 3 who were initially defined as
salt-sensitive had resistant responses on repeat study). Six
subjects changed to the indeterminate category on restudy
after initial classification as salt—sensitive (3) or salt—
resistant (3). )

Comparison of twoe methods for defining salt sensitivity
was also performed in hypertensive subjects. Significant
congruent BP responses between the rapid sodium, volume
expansion and contraction protocol and a dietary protocol
with sodium intake =200 mmol/day for 5 days followed by
7 days of sodium intake <15 mmol/day was cbserved.” The
Italian Society of Hypertension also examined the
feproducibﬂity of BP responses of the most commonly used
rapid technique and a carefully controlled manipulation of
dietary sodium intake in a large group of hypertensive
subjects.”® They showed the responses to repetition of the
technigques and the responses to. the two different
approaches were significantly correlated. They also found no
misclassification of subjects as salt—sensitive or salt—
resistant on repeated testing,

2. Prevalence of salt sensitivity

Prevalence of salt sensitivity depends on the metheds and
definition used. It ranged from 30 to 60% in hypertensive
subjects and from 15 to 46% in normoiensive subjects
(Tzble 1)

Hypertensive patients were significantly more salt
sensitive than the normotensive individuals. The first study
using the rapid sodium and volume expansion and
contraction protocol reported that 26% of the normotensive
suhjects were salt sensitive and 58% were sall resistant; in
the hypertensive group, 51% were sensitive and 33% were
resistant.” Despite differences in the methods and definitions
used in the evaluation of salt sensitivity, several consistent
demographic factors have emerged. Blacks have been
consistently shown to have a greater frequency of salt
sensitivity than whites. In one study, 73% of black
hypertensive patients were salt sensitive compared with 56%
of a white hypertensive group, but in the normotensive
population, the frequency of sall sensitivity among blacks
(36%) was similar to that seen among whites (29%)." A
similar finding of a greater frequency of salt sensitivity
among blacks in hypertensives {50% vs. 29% in white) and
in normetensives (27% vs. 15% in white) has been reported
in another study. A large population-based study of salt
sensitivity using a low and high salt diet protocol was
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performed in 1,906 Chinese people.® I an abscluite change Age was also found to be related to salt sensitivity of BP.
of mean arterial pressure =5 mmHg was used to define Increasing salt sensitivity has been noted with increasing
sodium—sensitivity, 33.9% during low—salt intervention and age in several such studies. This relationship -appears to be
39.4% during high—salt intervention were salt—sensitive. If a stronger in hypertensive than in normotensive individuals
proportional change of mean arterial pressure =5% was (Table 2)¥ In a 10-year follow up study after the initial
used, 38.7% during low—salt intervention and 39.2% during classification of salt sensitivity, BP of salt—sensitive
high-salt intervention were salt—sensitive (Fig. 2). individuals increased greater than salt resistant subjects®
Table 1, Definition and prevalence of salt sensitivity. Table 2, Age and salt sensitivity of blood pressure.
Modified from reference 11). : Modified from reference 8).
Salt—resistant
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Figure 2. Distribution of systolic (upper panels) and diastolic {low panels) BP responses to low-salt intervention (left
panels) and high-salt intervention (right panels) in Chinese populations. The Genetic Epidemiology Network of Salt
Sensitivity (GenSalt) study, BP response to low sodium=BP on low—-sodium diet —-BP at baseline and BP response to high—
sodium=RBP on high-sedium diet — BP on low-sodium diet."
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Sex was suggested to influence the salt sensitivity, In a
dietary feeding study of a 7-day low—salt intervention (51.3
mmol sodium/day) and a 7-day high—salt intervention (307.8
mmeol sodium/day), BP responses to low—sodium intervention
were significantly greater in women than in men (-8.1 vs. ~
7.0 mmHg for systolic and -4.5 vs, —-3.4 mmHg for
diastolic). BP responses to high—sodium interventions were
also significantly greater in women than in men (6.4 vs. 5.2
mmHg for systolic and 3.1 vs. 1.7 mmHg for diastolic).”®

Recently characteristics of salt sensitivity in Korean
populations were reported® One week of low—sodium diet
(100 mM) followed by one week of high—sodium diet {300
mM) protocol was used to classify salt sensitivity in 101
subjects. Salt sensitivity was defined as an increase of mean
arterial pressure of ambulatory BP monitoring >4 mmHg in
response to high—sodium diet. The prevalence of salt
sensitivity was 27.7%, but much higher in hypertensives
(51.é%) than non—hypertensives (17.1%) (Table 3). There
was no gender difference of the prevalence of salt
sensitivity.

Table 3. Characteristics of salt sensitivity in Korean
populations. Modified from reference 14). ‘

Parameters Sodium-sensitive  Sodium-—resistant P value
All

Number (%) 28 (27.7) 73 (72.3)

Agelyears) 54.4+12.9 428+16.9 {0.001
Gender, male{%} 11 (39.9) 40 (54.8) 0.163
Hypertension(%) 16 (57.1) 15 (20.5) £0.001
Non—hypertensives

Number (%) 12 (17.1) 58 (82.9)

Agelyears) 488+16.2 392+162 0.064
Gender, male(%) 3 (25.00 30 (51.7} 0.021

Hypertensives

Number (%) 16 (51.6) 15 (48.4)

Age (years) 58.6£8.0 57.7111.7 0.613
Gender, male(®) & (50.0) 10 (66.7) 0.347

High salt intake is associated with significantly increased
risk of stroke and total cardiovascular disease."” Despite the
skeptics about the concept, the methods used, the criteria of
BP response of a normal Gaussian distribution to define salt
sensitivity, hypertensives who need the test, and it§ clinical
significance, salt sensitivity is important to underé_.t_;ami_ .the
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pathogenesis or genetics of essential hypertension. However,
because of methodological difficulties to defihe salt
sensitivity, it has not been widely studied in Korean. Salt
sengitivity is an old concept, but a new one in Korea.
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