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ABSTRACT. During the past century, the evidence for the risks imposed on human health by excess salt
consumption was compelling. The causal relation between habitual dietary salt intake and blood pressure has been
established through experimental, epidemiological, migration, and intervention studies. The aim of the work was to
select from persons having normal arterial pressure the salt sensitive ones and using DASH and sodium-restricted
diets to set the perspective for the development of preventive measures. Salt sensitivity was assessed in normotensive
54 young and 68 elderly males. Accordingly salt sensitive subjects were divided into two groups in accordance with
age. Salt sensitivity was assessed by the difference of mean arterial pressure (MAP) on high (200 mmol/day) vs. low
(40 mmol/day) salt diet. Compliance with the diet was confirmed by measurement of 24-hour urinary sodium excretion
during the last 2 days of both weeks. As was mentioned, both the DASH diet and DASH diet with lower sodium intake
caused mean arterial pressure decrease, but the combination of the DASH diet plus lower sodium intake consistently
produced the greatest mean reductions in blood pressure with peak levels in the elderly. Based on our results, we
can suggest that in spite of the fact that diet modifications cannot influence the genetic nature of salt sensitivity, it
can lower the mean arterial pressure in normotensive salt sensitive individuals, thus creating the possibility of its
use for hypertension prevention. © 2011 Bull. Georg. Natl. Acad. Sci.
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Hypertension accounts for 6% of adult deaths world-
wide and is found in all human populations. In developed
countries, the prevalence of hypertension rises with age
and affects 25-30% of the entire adult population, reach-
ing up to 60-70% of   individuals beyond the seventh
decade. The cardiovascular risk increases according to
the level of hypertension [1]. Furthermore, this risk in-
creases with progressive elevations in blood pressure,
beginning at even normal levels of blood pressure [2].
High dietary sodium has been adduced as a cause of hy-
pertension and its target organ damage for millennia [3].

During the past century, the evidence for the risks
imposed on human health by excess salt consumption
became compelling. The causal relation between habitual
dietary salt intake and blood pressure has been estab-

lished through experimental, epidemiological, migration,
and intervention studies [4].

Sodium intake in most industrialized societies aver-
ages 3.5 g/day (150 mmol/day, range 120–200 mmol/day),
a figure far in excess of the minimal daily requirement. Salt
is a major food additive, and is important for food preser-
vation as well as taste enhancement. The role of dietary
sodium in health and disease has been a topic of great
interest and debate for many years.[3].

While blood pressure in the population as a whole
is only modestly responsive to alterations in sodium in-
take, some individuals manifest large blood pressure
changes in response to acute or chronic salt depletion
or repletion, and are termed “salt sensitive”. Salt sensi-
tivity is defined as the tendency for blood pressure to
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fall during salt reduction and rise during salt repletion/
supplementation [5].

Salt sensitivity and resistance have a large variety
of determinants, including genetic factors, race/ethnic-
ity, age, body mass and diet (overall diet quality, macro-
and micronutrient content), as well as associated dis-
ease states, e.g. hypertension, diabetes and renal dys-
function [3].

Salt sensitivity in both normotensive and hyperten-
sive persons has been associated with increased cardio-
vascular disease events and reduced survival. Increased
attention to strategies that reduce salt sensitivity, i.e. im-
provement in diet quality and weight loss, particularly in
high risk persons, is urgently needed. [3,2]. In normoten-
sive as well as hypertensive subjects, blood pressure can
be judged to be “salt sensitive” when observed to vary
directly and substantially with the net intake of sodium
chloride. From both a clinical and public health perspec-
tive, the phenomenon of normotensive salt sensitivity may
be important. Not only is normotensive salt sensitivity a
likely and possibly common precursor of hypertension,
but the phenomenon might be susceptible to dietary sup-
pression, which could prevent or delay its progression to
hypertension (vide infra) [6].

The Dietary Approaches to Stop Hypertension
(DASH) trial demonstrated that a diet that emphasizes
fruits, vegetables, and low-fat dairy products, that includes
whole grains, poultry, fish, and nuts, that contains only
small amounts of red meat, sweets, and sugar-containing
beverages, and that contains decreased amounts of total
and saturated fat and cholesterol lowers blood pressure
substantially both in people with hypertension and those
without hypertension, as compared with a typical diet in
the United States. The DASH diet is now recommended
in national guidelines.  (The sixth report of the Joint Na-
tional Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure). Clinical trials have
shown that reducing the sodium chloride content of typi-
cal diets in the United States or northern Europe lowers
blood pressure [7] and guidelines recommend reducing
the daily dietary sodium intake to 100 mmol (equivalent to
2.3 g of sodium or 5.8 g of sodium chloride) or less (The
sixth report of the Joint National Committee on Preven-
tion, Detection, Evaluation, and Treatment of High Blood
Pressure).  DASH diet has been proved to have substan-
tial blood pressure (BP)-lowering action and is now rec-
ommended as one of the most important nonpharmaco-
logical measures to control BP [8]. Blood pressure-lower-
ing mechanisms of the Dietary Approaches to Stop Hy-
pertension (DASH) were analyzed based on the pressure-
natriuresis relationship [9].

The aim of the work was to select from persons hav-
ing normal arterial pressure the salt sensitive ones and
using DASH and sodium-restricted diets set the perspec-
tive for development of preventive measures.

Numerous methods of assessment of salt sensitivity
[10,11] are mostly based on changes in mean arterial pres-
sure (MAP) after being on various salt diets (low, normal
and high salt intake). Most of the salt sensitivity study
protocols imply administration of a low (9 to 80 mmol/
day) sodium diet for 4 to 14 days, followed by a high (220
to 300 mmol/day) sodium intake for 4 to 14 more days. If
MAP increases mo more than 3 mmHg, a person is con-
sidered to be salt sensitive.

Methods
Salt sensitivity was assessed in  normotensive (blood

pressure < 139/89 mm Hg) 54 young and 68 elderly males
with mean age 33.5 ± 4.0 yrs and 69.5 ± 3.0 yrs respec-
tively. Salt sensitive subjects were divided into two groups
in accordance with age (young age salt sensitives - SS1,
elderly salt sensitive subjects - SS2; respectively, salt re-
sistant subjects were divided into two groups SR1 and
SR2).  Salt sensitivity was assessed by the difference of
mean arterial pressure (MAP) on high (200 mmol/day) vs.
low (40 mmol/day) salt diet [10]. During the first week the
subjects were placed on high sodium diet (200 mmol/d per
70 kg) both by adding 100 mmol directly to the food and
by adminitsring 100 mmol in capsules ingested 3 times
daily with meals. Next week subjects were placed on a
low-salt diet aimed at a maximum intake of 40 mmol so-
dium per day. Compliance with the diet was confirmed by
measurement of 24-hour urinary sodium excretion during
the last 2 days of both weeks. On the seventh day of both
weeks the diastolic blood pressure (DBP) and systolic
blood pressure (SBP) were measured in sitting position at
2-minute intervals for 1 hour by automatic Blood Pressure
Monitor BP A100 Plus (Microlife, Switzerland). Mean ar-
terial blood pressure (MAP) was calculated as DBP plus
one-third of the difference between DBP and SBP. Salt
sensitivity of blood pressure was defined as the differ-
ence of MAP between the average of 30 readings during
the high and low salt periods. Salt sensitivity was consid-
ered when difference between MAP exceeded 3 mm Hg.
All subjects were volunteers and nonsmokers. They did
not use any medicine and did not have history of cardio-
vascular, respiratory, liver, renal diseases and diabetes.
All patients signed an informed consent.

Statistical analyses were performed using  SPSS soft-
ware. All data are presented as mean ±SD. Statistical com-
parison among groups was performed by Student's t test.
A value of p<0.05 was considered significant.
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Results
Results of salt sensitivity test are presented in Table.

17(31.4%) of young subjects  and 28 (48.2%) of elderly
subjects were salt sensitive (Groups SS1 and SS2 respec-
tively). Those who did not respond to sodium diets by
changes in MAP (3mmHg) were considered salt resist-
ant (Groups SR1 and SR2).

By the end of low salt diet SBP, DBP and MAP of salt
sensitive middle-aged subjects (SS1) did not differ from
those of Group SS2. High salt diet induced significant el-
evation of SBP and MAP in both salt sensitive groups,
predominantly in elderly subjects (SS2). Whereas differ-
ence between basal and post-loading MAP in SS1 was
5.5±0.43 mm Hg, p<0.05), in SS2 it became  more prominent
(13.2±0.31mmHg, p<0.01). Predictably, in salt resistant sub-
jects, blood pressure parameters including MAP did not
change significantly in both groups. After salt loading uri-
nary sodium excretion increased both in salt sensitive and
salt resistant subjects irrespective of their age.

After establishing salt sensitivity, one group of pa-
tients was on DASH diet and the second group was on
DASH diet with lower sodium intake. After 3 months from
the diet starting point, mean arterial pressure (MAP) was
measured in every person.

Both groups (SS1 and SS2) of salt sensitive persons
where subdivided (SS1*, SS1**, SS2* and SS2**). DASH diet
was administered to SS1*(9) and SS2*(14) and DASH diet
with lower sodium intake was administered to SS1**(8) and
SS2**(14). In all 4 groups the mean arterial pressure was
found to be diminished, but a comparison of the SS1* group
with the starting data revealed a trend of decrease of mean
arterial pressure (p<0.5) and for SS1** group this decrease
was more significant (p<0.01). In the elderly both the DASH
diet and DASH diet with lower sodium intake cause arterial
pressure decrease in both groups (p<0.01; p<0.001), but
this decrease was more statistically significant for DASH
diet combination with lower sodium intake.

Discussion
Salt sensitivity, despite being a subject of long-term

discussions, remains an actual problem.  Our findings con-
firm the results of numerous studies that demonstrate age
dependence on salt sensitivity.  We found that high salt
diet led to significant increase in SBP and MAP only in
salt sensitive subjects with peak levels in the elderly.
However, our primary interest was focused on investigat-
ing whether any differences exist in normotensive young
and elderly subjects who are salt sensitive and salt with
respect to changes in blood pressure, urinary sodium ex-
cretion during sodium restriction and salt loading.

As mentioned above, both the DASH diet and DASH
diet with lower sodium intake caused mean arterial pres-
sure decrease, but the combination of the DASH diet
plus lower sodium intake consistently produced the great-
est mean reductions in blood pressure with peak levels
in the elderly.

Based on our results, we can suggest that in spite of
the fact that diet modifications can’t influence the genetic
nature of salt sensitivity, it can lower mean arterial pressure
in normotensive salt sensitive individuals, thus creating
the possibility of its use for hypertension prevention.

Fig. The change of mean arterial pressure on DASH diet and
DASH diet with lower sodium intake

p<0.05; b-<0.01; c-<0.001 vs. low salt diet. * - p<0.05 vs. middle aged group(SS1)

Table.

Blood pressure and biochemical measurements in SS and SR Groups

Variables SS1 SS2 SR1 SR2 

 low salt high salt low salt high salt low salt high salt low salt high salt 

n 17 28 37 40 

SBP mm Hg 112.5±1.2 122.2±1.3a 116.8±1.5 131±1.6b* 116.8±1.4 121.5±1.7 123.4±1.6 124±1.4 

DBP mm Hg 73.6±1.2 77.1±1.1 72.2±1.1 80.4±1.1a 74.9±1.2 76.7±1.4 75.8±1.2 78.3±1.2 

MAP mm Hg 86.7±0.98 92.4±1.1a 86.1±1.2 99.3±1.3a* 89.2±1.1 91.5±1.5 92.3±1.4 94.3±1.4 

UNa/day mmol 32.3±6.3 167±26.1c 27.4±4.9 164±31.5c 28.6±6.4 173.3±24.7c 30.4±4.8 181.5±19.6c 
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samedicino mecnierebani

DASH-is da dabalmariliani dietis gavlena arteriuli
sisxlis wnevaze normotenziul xandazmulebSi

i. andronikaSvili*, g. simonia*, n. basiSvili*

* Tbilisis saxelmwifo samedicino universiteti

(warmodgenilia akademikos v. okujavas mier)

gasul saukuneSi dagrovda araerTi mtkicebuleba imis sasargeblod, rom marilis Warbi
moxmareba sazianoa adamianis janmrTelobisTvis. mizezobrivi kavSiri  sakvebiT marilis moxmarebis
Cvevasa da sisxlis wnevas Soris dadgenili iqna eqsperimentuli, epidemiologiuri, migraciuli da
intervenciuli kvlevebiT. Cveni kvlevis mizani iyo normaluri arteriuli wnevis mqone adamianebidan
marilmgrZnobeli pirebis SerCeva da DASH-is da dabalmariliani dietis gamoyenebiT prevenciuli
RonisZiebebis SemuSavebis perspeqtivis dasaxva. marilmgrZnobeloba ganisazRvra normotenziul
54 axalgazrda da 68 xandazmul mamakacSi. marilmgrZnobeli pirebi asakis Sesabamisad daiyvnen or
jgufad. marilmgrZnobelobis gansazRvra xdeboda maRalmariliani (200 mmoli/dReSi) da
dabalmariliani (40 mmoli/dReSi) dietis dros arsebuli saSualo arteriuli wnevis  sxvaobiT.
dietis adekvaturoba mtkicdeboda TiToeruli kviris bolo 2 dReSi natriumis SardSi eqskreciis
24-saaTiani gansazRvriT. DASH dieta da DASH dieta dabali marilis moxmarebiT, orive iwvevda
saSulo arteriuli wnevis daqveiTebas, magram DASH dietis dabalmarilian dietasTan kombinacia
iwvevda sisxlis wnevis daqveiTebis yvelaze maRal saSualo monacemebs, maqsimaluri efeqtiT
xandazmulebSi. Cveni Sedegebidan gamomdinare, SegviZlia davuSvaT: miuxedavad imisa, rom dietis
modifikacias ar SeuZlia gavlena moaxdinos marilmgrZnobelobis genetikur bunebaze, mas SeuZlia
Seamciros saSualo arteriuli wneva normotenziul marilmgrZnobel pirebSi, rac qmnis esenciuri
hipertenziis ganviTarebis  prevenciis mizniT misi gamoyenebis SesaZleblobas.
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