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Abstract. Arterial hypertension is one of the main causes of cardiovascular mortality in the world and affects almost 25% of the adult popu-
lation. The aim was to determine the blood pressure daily profile depending on the type of salt-sensitivity in patients with stage II arterial 
hypertension. Materials and methods. 120 individuals aged 30-75 years with stage II arterial hypertension and 50 practically healthy individ-
uals (control group) were enrolled to the study. Weinberger M. N. method was used to determine the type of salt-sensitivity. The essence of 
this method is to stick to a high-salt diet during 5 days with the salt consumption of 15 g per day (250 mmol sodium), with a further re-
striction on salt intake to 2 g per day (up to 50 mmol sodium) for 5 days (low-salt diet). The systolic blood pressure decrease by more than 10 
mm Hg after switching from a high-salt to low-salt diets. Level of the blood pressure was the diagnostic criterion for salt-sensitivity. Patients 
were classified as salt-resistant included patients whose systolic blood pressure did not decrease by more than 10 mm Hg during the study 
and individuals with a paradoxical reaction to the change in salt load and a increase in systolic blood pressure during the switching to a low-
salt diet. Daily blood pressure monitoring was performed according to the standard protocol. Results. 42.5% of salt-sensitive and 47.5% of 
salt-resistant patients were identified. The blood pressure daily profile distribution showed that 76.5% of «non-dippers» and 15.6% of «night-
peakers» were among salt-sensitive, and 73.7% of «dippers» and 19.3% of «non-dippers» – among salt-resistant patients. Salt-sensitive 
patients have nighttime blood pressure dipping more than 2 times less than control (p < 0.001). This matches to the type of «non-dippers» 
daily profile. This is prognostically unfavorable. Salt-sensitive patients have the 24-hour mean variability systolic and diastolic blood pres-
sure values are significantly higher than in the other groups. The morning increase in blood pressure analysis revealed that values in both 
groups remained unchanged and corresponded to control group. Salt-sensitive patients had increased 24-hour mean rate of morning increase 
in systolic blood pressure, systolic blood pressure time index, and blood pressure variability values in comparison with salt-resistant patients. 
Conclusions. Salt-sensitive patients are characterized by a predominance of the «non-dippers» and «night-pеаkers», enlarged rate of morning 
increase in blood pressure, increased blood pressure variability, and the lowest degree of nighttime blood pressure dipping, which is prognos-
tically unfavorable for the arterial hypertension course. Salt-resistant patients have a favorable blood pressure daily profile - «dippers» and 
the reference values of daily profile parameters. 
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The first clinical works about the harmful effects of salt 
on human body appeared in the early twentieth century (L. 
Ambard, E. Beaujard (1904), W. Kempner (1948)), which 
made it possible to consider salt abuse as one of the AH 
major risk factors [4-6]. Epidemiological studies have shown 
that high salt intake is associated with an increased risk of 
cardiovascular events and reduced sodium intake along with 
increased potassium intake can significantly reduce blood 
pressure (BP). Namely, the results of multicenter studies 
(INTERSALT, DASH, NUTRICODE) showed that salt 
intake limited to 6 g per day is accompanied by a drop of 6 -
10 mmHg in SBP. Also, it reduces cardiovascular mortality 
by 16% and stroke risk by 23% [7-9]. Referring to a thor-
ough evidence base, the World Health Organization (WHO) 
points to the pronounced association between salt consump-
tion and AH and appeals to reduce NaCl consumption in 
order to decrease CVD and stroke mortality [10,11]. 

It has been established that renal dysfunction (namely im-
paired sodium excretion) plays a role in the salt-sensitive AH 
genesis [12, 13]. The glomerular filtration decrease is ac-
companied by the "nocturnal BP / diurnal BP" ratio increase 
and the prevalence of "non - dipper" type correlates with 
creatinine clearance. This suggests that an adverse prognosis 
for salt-sensitive AH also depends on the BP daily profile 
characteristics [14,15]. 

The purpose of this study was to determine the BP daily 
profile depending on the salt-sensitivity type in patients with 
stage II AH. 

Materials and methods. 120 individuals aged 30-75 
years with stage II AH were involved in the study (38.3% of 
males and 61.7% of females). The control group included 50 
practically healthy individuals (29 females and 21 males; 
mean age 42.2 ± 4.5). 

Verification of the diagnosis AH were estimated accord-
ing to the criteria of the Ministry of Health of Ukraine uni-
fied clinical protocol № 564 (dated 13.06.2016) [16]. All 
patients gave a voluntary informed written consent. 

Exclusion criteria were the presence of symptomatic AH, 
myocardial infarction or unstable angina, effort angina II-IV 
functional classes, diabetes mellitus, acute infectious diseas-
es, exacerbation of chronic infectious diseases, neoplasms, 
mental disorders and nervous system diseases, systemic 
connective tissue diseases, acute disorders of cerebral circu-
lation and the refusal to participate in the study. 

The type of salt-sensitivity was determined using Wein-
berger M. N. (1986) technique. The essence of this method is 
to stick to a high-salt diet during 5 days with the salt con-
sumption of 15 g per day (250 mmol sodium), with a further 
restriction on salt intake to 2 g per day (up to 50 mmol sodi-
um) for 5 days (low-salt diet). Sticking to a diet was estimat-
ed by daily urinary sodium excretion during high-salt (Na ≥ 
230 mmol/day) and low-salt (Na ≤ 20 mmol/day) diets using 
ion-selective urine potentiometry. Office blood pressure 
measurement was carried out in the morning on the last day 
of diet. The SBP decrease by more than 10 mmHg after 
switching from a high-salt to low-salt diets using the office 
blood pressure measurement was the diagnostic criterion for 
salt-sensitivity. Patients were classified as salt-resistant in-
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Introduction. Arterial hypertension (AH) is one of the main 
causes of cardiovascular mortality in the world and affects 
almost 25% of the adult population. It is predicted an in-
crease of AH prevalence to 1.5 billion people in 2025, and 
13.5% of the total premature mortality. There will be 54% of 
events caused by stroke and 47% – by ischemic heart dis-
ease. [1-3]. 
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cluded patients whose SBP did not decrease by more than 10 
mm Hg during the study and individuals with a paradoxical 
reaction to the change in salt load and a increase in SBP 
during the switching to a low-salt diet [17].  

Daily monitoring of BP (DMBP) was performed using 
the TM ABRM 04 (MeditechLtd., Hungary), according to 
the standard protocol [18]. The Medibase 1.42 program was 
used for DMBP data analysis. The following parameters 
were analyzed: diurnal, nocturnal and 24-hour mean values 
of SBP (SBP24, SBPd, SBPn) and diastolic BP (DBP) (DBP24, 
DBPd, DBPn); parameters of "pressure load" - time indices 
(TI AH), the degree of nighttime BP dipping (DNDSBP and 
DNDDBP, respectively), as well as the diurnal and nocturnal 
BP variability (VAR) (SBP: VAR SBPd, VAR SBPn; DBP: 
VAR DBPd, VAR DBPn). It was used the 24-hour mean SBP 
and DBP threshold level ≥ 130/80 mmHg for AH diagnos-
ing. The TI AH SBP ≥ 20 % and TI AH DBP ≥ 10% values 
were considered as transient increase in BP, the diurnal and 
nocturnal TI AH ≥ 50% – as steady increase in BP. The AH 
circadian rhythm was evaluated by the degree of nighttime 
SBP and DBP dipping, which allows to estimate the BP 24-
hour rhythm amplitude. The following types of BP 24-hour 
rhythms were distinguished using the DND BP: patients with 
a SBPn decreased by 10–20 % were classified as “dippers”, 
by 10 % – “non-dippers”, by more than 20% – “over –
dippers”. In the presence of nocturnal hypertension (BP > 
125/75 mmHg), patients were enrolled in «night-peakers» 
[18]. 

For statistical results were performed using the methods 
of biostatistics implemented in the package of SPSS version 
21(SPPS for Windows, version 21, SPPS Inc., Chicago, 
IL).We used statistical methods for nonparametric indicators 
due to abnormal distribution. The values of the studied indi-
cators are given in the form of the median with interquartile 
range. The probability of differences for comparison of 
quantitative values was determined using the Mann - Whit-
ney method (p). Differences were considered statistically 
significant at p <0.05. 

Results. According to the type of salt-sensitivity, patients 
were divided into 2 groups: salt-sensitive (n = 51; 42.5%; 12 
males and 39 females) and salt-resistant (n = 57; 47.5%; 32 
males and 25 females). 12 patients had a paradoxical reaction 
to the salt load, which didn’t allow them to enter any of the 
groups. 

Salt-sensitive and salt-resistant patients were found to 
have the higher 24-hour mean SBP and DBP values than the 
control group (p < 0.001), but do not differ from each other 
(p= 0,13) (Table 1). 

The daily increase in blood pressure (DI BP) was evaluat-
ed by the degree of BP dipping. It was found the "dippers" – 
4 cases (7.8%), "non-dippers" – 39 (76.5%), "over-dippers" - 
0 (0%) and "night-peakers" – 8 (15.7%) among salt-sensitive 
patients. Also, there were 44 «dippers» (77.2%), 11 «non-
dippers» (19.3%), 2 «over-dippers» (3.5%) and 0 «night-
pеаkers» (0%) among salt-resistant patients. Either, salt-
resistant patients have higher DND BP than control group. 
This corresponds to a prognostically favorable «dippers» 
type. Salt-sensitive patients have DND BP more than 2 times 
less than control (p < 0.001). This matches to the type of 
«non-dippers» daily profile. This is prognostically unfavora-
ble; its causes are not fully understood. According to the M. 
Fukuda et al. [19] hypothesis, pressure natriuresis, which 
provides sodium excretion in the BP salt-sensitivity, has a 
certain daily rhythm. Thus, in the daytime, the efficiency of 
this mechanism decreases, which causes sodium retention 
and extracellular fluid accumulation. In the nighttime, the 
efficiency of pressure natriuresis increases, and the sodium 
balance becomes negative, returning to normal in the morn-
ing. Therefore, M. Fukuda and co-authors consider "non-
dippers" as a homeostatic phenomenon of maintaining a zero 
sodium balance under conditions of impaired natriuresis. 
Indeed, «non-dippers» appears in the salt-sensitive AH pa-
tients with high salt intake and disappear in the case of low-
salt diet [19]. Also, it can be corrected by diuretics [20]. 

 

Table 1. 24-hour mean parameters of BP monitoring in AH patients with different types of BP salt-reactivity 

Parameter Control 
(n=50) 

AH patients (n=108) 

Salt-sensitive (n=51) Salt-resistant (n=57) 

SBP, mmHg 120,7 (118,9-124,9) 157,6 (153,3-162,9) р1<0,001 154,2 (148,5-157,8) р1<0,001; р2 =0,13 

DBP, mmHg 70,4 (68,4-76,4) 98,7 (94,5-101,6) р1<0,001 98,2 (90,6-101,4) р1<0,001; р2 =0,001 

DND SBP, % 15,8 (14,5-17,0) 5,6 (4,3-6,4) р1<0,001 16,4 (14,7-18,1) р1=0,076; р2<0,001 

DND DBP, % 14,7 (13,1-16,1) 5,7 (5,2-6,2) р1<0,001 15,1 (13,6-16,8) р1=0,076; р2<0,001 

VAR SBP, mmHg 11,5 (10,5 -12,35) 17,5 (15,7 – 19,1) р1<0,001 8,4 ( 7,8 -9,4) р1=0,076; р2<0,001 

VAR DBP, mmHg 8,7 ( 8,2 – 9,6) 16,4 (14,7 – 18,2) р1<0,001 8,6 (7,9 - 9,5) р1=0,076; р2<0,001 

MI SBP, mmHg 38,3 (36,1- 40,2) 36,8 (34,6 – 38,0) р1<0,001 48,8 (47,6- 50,8) р1=0,076; р2<0,001 

MI DBP, mmHg 28,9 (27,0 – 30,9) 26,7 ( 25,3-28,4) р1<0,001 29,7 ( 28,5 – 31,6) р1=0,076; р2<0,001 

RMI SBP, mmHg 8,1 (6,4 -9,0) 16,1 (15,2 -17,1) р1<0,001 8,4 (7,6 - 9,3) р1=0,76; р2<0,001 

RMI DBP, mmHg 4,5 (3,7 – 5,4) 10,4 (9,5-11,3) р1<0,001 4,6 (3,4 – 5,8) р1=0,75; р2<0,001 

TI AH SBP, % 16,0 (10,0 -20,0) 78,5 (74,0-84,0) р1<0,001 67,0 (63,0 – 70,7) р1<0,001; р2<0,001 

TI AH DBP, % 8,0 (6,0 -10,0) 81,0 (76,0-85,0) р1<0,001 65,0 (61,0 – 72,0) р1<0,001; р2<0,001 

Annotation: BPd – diurnal mean parameter; BPn – nocturnal mean parameter; р1 - comparison with the control group, p <0,001; p2 - 
comparison between groups of examined patients, p <0,001. 

 

According to the obtained data, it was revealed that salt-
sensitive patients have the 24-hour mean VAR SBP and 
VAR DBP values and the 24-hour mean SBP and DBP 
values more than normal (15 and 14 mmHg, respectively). 
They are significantly higher than in the other groups (p 
<0.001). The 24-hour variability of blood pressure does not 
change or exceed the norm in salt-resistant patients. It is 
possible to assume that natriuretic hormones are activated in 

the daytime and relatively suppressed in the nighttime in salt-
sensitive AH. Therefore, the pressure natriuresis daily 
rhythm is probably related to the fluctuation of sympathoad-
renal system (SAS) and the reninangiotensin system (RAS) 
activities [20]. The MI BP analysis revealed that values in 
both groups remained unchanged and corresponded to con-
trol group (SBP ≥ 56.5 mmHg and DBP ≥ 36 mmHg). In 
addition, salt-sensitive patients have the MI SBP and DBP 

39

Science and Education a New Dimension. Natural and Technical Sciences, VIII(30), Issue: 244, 2020 Dec.    www.seanewdim.com 



values lower than salt-resistant patients (p < 0.001). It can be 
explained by the monotonic 24-hour BP variability. That’s 
why MI BP is not informative. The rate of morning increase 
in blood pressure (RMI) is significantly higher in salt-
sensitive patients (p <0.001). The parameters of salt-resistant 
patients don’t differ from the control group (p = 0.7). 

TI AH is the parameter that forms the DI BP. The 24-hour 
mean TI AH for SBP and DBP in patients with AH is signif-
icantly higher than in healthy individuals (p < 0.001). It 
doesn’t depend on salt-sensitivity. 

It is known that the increase in 24-hour mean SBP and 
DBP, RMI BP, as well as a decrease in DND BP have the 
greatest prognostic value for the AH complications [19]. The 
most adverse DMBP parameters are inherent in the sodium-
sensitive AH. In our opinion, this may be one of the explana-
tions for unfavorable prognosis under conditions of BP salt-
sensitivity. 

Conclusions.  

1. It was identified 42.5% of salt-sensitive and 47.5% of salt-
resistant cases among the examined patients with stage II 
AH. 
2. Salt-sensitive patients are characterized by a predomi-
nance of the «non-dippers» (76.5 %) and «night-pеаkers» 
(15.7 %) BP daily profiles. Also, they had the enlarged rate 
of morning increase in BP, increased BP variability, and the 
lowest degree of nighttime BP dipping, which is prognosti-
cally unfavorable for the AH course. 
3. «Dippers» (77.2%) are more common for salt-resistant 
patients. This group has a favorable BP daily profile and 
reference values for morning increase in BP, rate of morning 
increase in BP and BP variability, which did not differ from 
the control group. 
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