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ABSTRACT. Salt sensitivity was assessed in normotensive 48 young and 62 elderly males. Salt sensitivity was
assessed by the difference of mean arterial pressure (MAP) on high (200 mmol Na/day) vs. low (40 mmol Na/
day) sodium diet. Plasma rennin activity (PRA) was assessed during both diets. High salt diet led to significant
increase in systolic blood pressure  and MAP only in salt-sensitive subjects with peak levels in the elderly. Only
salt-resistant subjects responded adequately during high salt diet by decrease in PRA which was significantly
lower compared to basal levels. In salt-sensitive groups, especially in the elderly, PRA decreased to a lesser
extent. Final clarification of mechanisms of salt-sensitivity in normotensive elderly calls for further investiga-
tions.  © 2009 Bull. Georg. Natl. Acad. Sci.
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Since ancient times it has been well known that
excessive consumption of salt is somehow related to
health deterioration. Chinese physician Huang Ti Nei
Ching Su Wein (1700 BC) stated that “if large amounts
of salt are taken, the pulse will stiffen and harden” [1].
Later it became evident that increase in salt intake in
salt sensitive persons may lead to the development of
arterial hypertension that is considered to be due to
genetics . It was estimated that about 26% of normoten-
sive subjects and 51% of hypertensives appear to be salt
sensitive. In subjects whose kidneys genetically failed to
excrete an increased amount of sodium the latter re-
tained in the body and gradually led to hypertension
[1-3]. The distribution of salt sensitivity and resistance
in normal and hypertensive subjects is bell shaped
(Gaussian distribution) and in both the proportion of
individuals who become salt sensitive, increases with
age [3, 4]. Up to now little has been known about the
mechanisms of salt sensitivity as well as causes of in-
creasing frequency of salt-sensitivity and its distribu-

tion in elderly population [5, 6].  Interestingly enough,
presently existing primitive societies that consume less
than 3 g salt daily maintain normal range of blood pres-
sure despite age [1-5].

Data regarding activation of the rennin-angiotensin-
aldosterone system in the elderly are quite controversial
and remain to be clarified. A number of studies showed
increased plasma rennin activity (PRA) while others
indicate decreased rennin levels [7, 8]. Numerous meth-
ods of assessment of salt sensitivity [4, 7-10] are mostly
based on changes in mean arterial pressure (MAP) after
being on various salt diets (low, normal and high salt
intake). Most of the salt sensitivity study protocols im-
ply administration of a low (9 to 80 mmol/day) sodium
diet from 4 to 14 days, followed by a high (220 to 300
mmol/day) sodium intake from 4 to 14 days. If MAP
increases more than 3 mmHg, a person is considered to
be salt sensitive.

Based on the aforementioned, the study aimed at
assessing salt-sensitivity in normotensive young and eld-
erly men and assessing their rennin profile.
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Materials and Methods
Salt sensitivity was assessed in  normotensive (blood

pressure < 139/89 mm Hg) 48 young and 62 elderly
males with mean age 34.6 ± 5.23 yrs and 69.5 ± 3.41
yrs respectively. Salt sensitive subjects were divided into
two groups in accordance with age (middle age salt-
sensitives – SS1, elderly salt-sensitive subjects – SS2;
respectively, salt resistant 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 [9].
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 administering 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 sodium per day. Com-
pliance 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 pres-
sure (SBP) were measured in sitting position at 2-minute
intervals for 1 hour by automatic Blood Pressure Moni-
tor BP A100 Plus (Microlife, Switzerland). Mean arte-
rial 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 con-
sidered 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
cardiovascular, respiratory, liver, renal diseases and dia-
betes. All patients signed an informed consent.

Plasma rennin activity (PRA) was assessed during
both diets in recumbent position by radioimmunoassay
(Sorin, Italy). Sodium levels in blood plasma and urine
were measured with flame photometry.

Statistical analyses were performed using  SPSS
software. All data are presented as mean ±SD. Statisti-
cal comparison among groups was performed by
Student’s t test. The value of p<0.05 was considered
significant.

Results
Results of salt sensitivity test are presented in Table.

Fourteen (29.2%) of middle aged 48 subjects and 29
(46.8%) of elderly 62 subjects were salt sensitive (Groups
SS1 and SS2 respectively). Those who did not respond
to sodium diets by changes in MAP ( 3mmHg) were
considered salt resistant (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 signifi-
cant elevation of SBP and MAP in both salt-sensitive
groups, predominantly in elderly subjects (SS2). Whereas
the difference 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±0.31mm Hg, p<0.01). Predict-
ably, in salt resistant subjects, blood pressure param-
eters including MAP did not change significantly in
both groups. After salt loading urinary sodium excre-
tion increased both in salt-sensitive and salt-resistant
subjects irrespective of their age.

Changes in PRA  were similar in all groups, in-
creasing during low-salt and becoming significantly
lower after salt loading. However, we noticed that in salt-
sensitive subjects, especially in the elderly (SS2 group)
PRA decreased to a lesser extent than in salt–resistant
subjects (5.2±0.88 vs. 3.7±0.61, D1.6±0.42ng/ml/h,
p<0.05 in SS1 group; 5.7±1.2 vs. 4.6±0.83,  D 1.1±0.44
ng/ml/h, p<0.05 in SS2 group; 5.2±3.1 vs. 2.1±0.22,
D3.1±0.28 ng/ml/h, p<0.01 in RS1; 6.1±2.4 vs. 1.9±1.8.
D3.1±0.18ng/ml/h. p<0.001).

During low salt diet PRA inversely correlated with
daily sodium excretion in groups as well as in salt resis-

Table

Blood pressure and biochemical measurements in SS and SR Groups (M±SD)

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

Variables SS1 SS2 SR1 SR2 

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

n 14 29 34 33 

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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tant subjects irrespective of age. After sodium loading
the correlation between PRA and urinary sodium excre-
tion remains significantly negative in salt resistant sub-
jects (r = – 0.33 and r = – 0.31. p<0.01 and r = – 0.47.
p<0.01 in SR1 and SR2 groups respectively) became
non-significant (Fig.) in salt sensitive groups (r = – 0.28.
p>0.05 and r = – 0.11. p>0.05).

Discussion

Salt-sensitivity. despite being a subject of long-term
discussions, remains an actual problem [1-3]. Our find-
ings confirm results of numerous studies that demon-
strate age dependence of salt sensitivity [4-6] – 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 investigating whether any differences exist in nor-
motensive middle-age and elderly subjects who are salt-
sensitive, and salt with respect to changes in blood pres-
sure, urinary sodium excretion and plasma rennin ac-
tivity during sodium restriction and salt loading. Though
all subjects were normotensive. SBP after salt loading
in salt-sensitive elderly subjects reached pre-hyperten-
sion/high normal levels, which is associated with mod-
erate risk of cardiovascular morbidity.

Insufficient suppression of the circulating rennin-an-
giotensin-aldosterone system was postulated as a cause
underlying the increase in blood pressure resulting from
salt retention [3,4,7,8]. In agreement with this possibility,
some investigators found that, contrary to the predicted

downregulation of the rennin-angiotensin-aldosterone sys-
tem in a state of controlled extracellular expansion, rennin
levels were normal [7]. However, other investigators re-
ported appropriately decreased rennin levels [6,8].

In contrast to studies indicating decreased PRA in
aged population [6,8], our results showed that PRA did
not decrease in the elderly compared to middle-age salt-
sensitive as well as in salt-resistant subjects during low-
salt diet. Despite similar PRA response to high salt diet
only salt-resistant subjects responded adequately by de-
crease in PRA, which was significantly lower compared
to basal levels. In salt-sensitive groups, especially in the
elderly, PRA decreased to a lesser extent (p>0.05). On
the other hand, renal sodium excretion after salt load-
ing in salt-sensitive groups 5-6 times exceeded natri-
uresis during low-salt diet. Correlative analysis also
showed that significant inverse correlation between PRA
and urinary sodium excretion during low-salt diet in
salt-sensitive subjects became non-significant after salt
loading, in contrast to salt-resistant groups. Based on
these findings, it is suggestive that in salt sensitive sub-
jects urinary sodium excretion on low-salt diet largely
depends on PRA. while the latter contributes to a lesser
extent to increase in natriuresis after switching to high
salt diet. Such relationship becomes more evident in
salt sensitive elderly. Logically. it remains questionable
which factors/mechanisms lead to increase in urinary
sodium excretion in salt-sensitive subjects keeping high-
salt diet. One of suggestive assumptions might be the
study conducted recently by D.Anderson et al. [10].

Fig. Correlations between PRA and urinary sodium excretion in salt sensitive subjects
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According to this study,  high sodium diet elicited a
sustained increase in endogenous sodium pump inhibi-
tor marinobufagenin excretion that directly correlated
with an increase in the fractional sodium excretion and

was inversely related to age and to an age-dependent
increase in salt-sensitivity. Final clarification of mecha-
nisms of salt-sensitivity in normotensive elderly calls
for further investigations.

samedicino mecnierebani

sibere da marilmgrZnobeloba

g. simonia, i. andronikaSvili, p. nozaZe

Tbilisis saxelmwifo samedicino universiteti

(warmodgenilia akademikos v. okujavas mier)

marilmgrZnobeloba Seiswavleboda normaluri arteriuli wnevis mqone 48 saSualo asakis da

62 xandazmul mamakacSi. marilmgrZnobeloba ganisazRvreboda saSualo arteriuli wnevis sxvaobis

safuZvelze maRal (200 mmoli natriumi dReSi) da dabalmarilian (40 mmoli natriumi dReSi)

dietaze yofnis dros. plazmis reninis aqtivoba ganisazRvreboda orive dietis dros.

maRalmariliani dieta iwvevda sistoluri da saSualo arteriuli wnevis matebas mxolod

marilmgrZnobiare pirebSi maqsimaluri maCveneblebiT xandazmulebSi. maRalmarilian dietaze

yofnisas mxolod marilisadmi rezistentul pirebs aReniSnebodaT reninis adekvaturi dinamika.

rac gamoixateboda misi aqtivobis mniSvnelovani daqveiTebiT bazalur donesTan SedarebiT.

normaluri arteriuli wnevis mqone xandazmulebSi marilmgrZnobelobis gamomwvevi meqanizmebi

Semdgom dazustebas saWiroebs.
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