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Sodium sensitivity / sodium resistance in patients with
arterial hypertension: effect on lipids profile, glucose
level, clinical and anthropometric parameters

L. P. Sydorchuk, B. A. Lytvyn
Bukovinian State Medical University, Chernivtsi

The objective: to determine the lipid metabolism, glucose level, individual clinical and anthropometric indicators depend-
ing on sodium sensitivity/sodium resistance and gender in patients with essential arterial hypertension (EAH).
Materials and methods. 100 patients with stage II EAH and 60 practically healthy individuals of the control group took
part in the study. All persons underwent a complex of clinical and laboratory examinations. Sodium sensitivity /sodium
resistance was determined according to the method of M.H. Weinberger. Metabolism was analyzed according to the lipid
profile (total cholesterol, high- and low-density lipoproteins —- HDL-C, LDL-C, atherogenicity coefficient, triacylglycer-
ols — TG), glucose, creatinine, cystatin-C, bilirubin and albuminuria in blood. Body mass index (BMI), waist circumfer-
ence (WC), hip circumference (HC), their ratio (WC/HC) were also determined.

Results. The course of EAH in sodium sensitivity patients is characterized by higher BMI and WC than in sodium resistance
patients, regardless of gender — by 29.32-33.54% (p < 0.001) and 15.02-23.40% (p < 0.001), a higher ratio WC/HC, but only in
men — by 8.51% (p = 0.003), which is probably greater than that in women of all study groups by 6.82-28.75% (p <0.028-0.001).
At the same time, sodium sensitivity hypertensive men had marginally higher albuminuria — by 42.34% (p = 0.05) and higher blood
levels of creatinine and cystatin-C than sodium resistance men — by 11.39% (p = 0.022) and 11. 88% (p = 0.022), which causes a
lower estimated glomerular filtration rate, but probably only for cystatin-C — by 12.23% (p = 0.044), respectively.

Probable differences, taking into account sodium sensitivity, were not found in the blood pressure levels, lipid and glu-
cose concentrations in the patients. In the control group sodium sensitivity individuals have a higher TG level than so-
dium resistance individuals — by 58.50% (p = 0.011) with lower HDL cholesterol in both women and men — by 15.82%
(p =0.004) and 41.04% (p = 0.004), respectively.

Conclusions. Sodium sensitivity in EAH patients is associated with changes in certain anthropometric parameters (higher
BMI, WC) regardless of gender and metabolic factors (greater albuminuria, higher levels of cystatin-C and blood creati-
nine, WC/HC), but only in men.
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ConeyvyyTnueicTb / CONEPE3NCTEHTHICTb Y XBOPUX Ha apTepiasibHy rinepTeHs3ilo: BrJiMB Ha XXMPOBUM
0OMiH, piBeHb rMIOKo3u, oKpeMi KJNiHiKo-aHTPOoONoMeTPUYHi napamMmeTpun
J1. I. Cugopuyyk, 6. A. JInTBuH

Mema docniocenns: BU3HAUYCHHSI JITTAHOTO OOMIiHY, PiBHS TIIOKO3H, OKPEMUX KJIiHIKO-aHTPOIIOMETPUYHIX MMOKA3HUKIB 3a-
JIEKHO Bifl COJIETyTINBOCTI/COIEPE3NCTEHTHOCTI Ta CTaTi y XBOPUX Ha eceHIliaibHy apTepianbHy Tineprensiio (EAT).
Mamepianu ma memoou. Y nocuimxenni B3suin yuacts 100 xgopux Ha EAT 11 crazii a 60 npakTudHo 310poBux oci6 rpyu
KOHTPOJIO. Y¢iM 06CTeKEHUM TPOBEIEHO KOMILIEKC KJiHIKO-1abopaTtopHux obcreskeHb. CoJieuyTiMBicTh/COIEPE3UCTEHT-
HicTh BusHauanu 3a Metoaukor M. H. Weinberger Mera6ostism aHasisyBaau 3a JgimigHuM npodisem (3aralbHUM XoJecTe-
poJiom, JririonporeiHamMu BUCOKOI i Hu3bKoi miibrocTeit — XC JITIBILL, XC JIITHIIL, koediitieHToM aTeporeHHoCTi, Tpuariui-
raineposamu — TT'), BMiCTOM y KPOBi T110K031, Kpeatnuiny, nucratuny-C, 6inipy6iny ta aapdyminypieto. Takosk BU3HAYa M
innexc macu Tiza (IMT), 068ix Tazii (OT), creron (OC), ix cnigsigromentst (OT/OC).

Pesyavmamu. 1lepebir EAT y coneuytimBux naiienTis xapakrepusyerbest Ouibimm IMT ta OT, Hi y coslepe3rcTeHTHIX, He3a-
JieskHO Bijt crari — Ha 29,32-33,54% (p < 0,001) ta 15,02—-23,40% (p < 0,001), Bunm criegigtomentsiv OT /OC, ajie TiibKu y 4oJi0-
BikiB — Ha 8,51% (p = 0,003), 1110 BipoTi/IHO TIepeBaskae TaKMil y JKiHOK ycix Tpy crioctepeskernsi Ha 6,82—28,75% (p < 0,028—0,001).
BozHouac y coseuy T/MBIX TillepTeH3MBHUX Y0JIOBIKIB BUSIBIICHO OTPAHUYHO Oiibiity asbOyMiHypito — Ha 42,34% (p = 0,05) Ta Buiii
piBHi y KpoBi KpeaTutiny i mpcraruny-C, Hixk y conepesucrentiux — na 11,39% (p = 0,022) i 11,88% (p = 0,022), 1o 3ymoBitioe
HIZKYY PO3PAXOBAHY HMIBHKICTH KITyGOUKOBOI (histbTpartii, ase Biporigno Tibku 3a iucraruioM-C — Ha 12,23% (p=0,044) BignosiHo.
Biporizaux BiMiHHOCTEH 3 ypaXyBaHHAM COJICUYTIMBOCTI y XBOpUX 3a piBHsAMU AT, KOHIIEHTpaIli€lo B KPOBi JIiMiliB Ta rJ1o-
KO3 He BUSIBJIEHO. Y TPyl KOHTPOJIIO y cosiedyTmBux oci6 Bmict TT Bulie, Hixk y cosepesucrentaux — Ha 58,50% (p = 0,011)
3a mskaoro XC JITIBIIL sik y skiroK, Tak i wosoBikiB — Ha 15,82% (p = 0,004) i 41,04% (p = 0,004) Bixmosizamo.

Bucnosxu. Coneuyriusicts y xBopux Ha EAL acoriitoe 3i sMiHaMu 0OKpeMIX aHTPOTIOMeTPUYHUX 1tapaMeTpis (Bunmu IMT,
OT) HesasekHO Bi cTaTi Ta MeTabOTIYHUX YNHHUKIB (GiIBIIOI0 abOyMiHypi€to, BUIUMK PiBHAME IcTaTniy-C i KpeaTnHi-
ny kposi, OT/OC), ase TisibKYU y YOJOBIKiB.

Kantouogi cnosa: coreuymausicmn, coiepesucmenmuicms, apmepiaivha zinepmensis, ainiou, anmponomempis, wyucmamun-C,
Kpeamuniit, aroOyminypis.
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rterial hypertension (AH) has become the leading cause of
Apremature death on the planet, affecting 1.28 billion adults
between the ages of 30 and 79. Most patients (2/3) live in low-
and middle-income countries [1]. But almost 50% of them do
not know about this disease. Whereas essential AH (EAH)
insidiously affects target organs (vessels, heart, brain, kidneys,
etc), regardless of whether a person is aware of the AH or not,
becoming one of the leading causes of death worldwide [2, 3].

Hypertension and chronic kidney disease (CKD) are linked
tightly, since AH can lead to nephron function deterioration and
progressive CKD can contribute to the worsening of hyperten-
sion [4]. The pathophysiology of CKD comorbid with hyper-
tension is complex and includes the various factors interaction: a
decrease in the functioning nephrons number, sodium retention
and fluid volume increase, sympathetic nervous system stimula-
tion, RAAS system activation, oxidative stress, endothelial dys-
function, metabolic changes, genetic factors etc [5-7].

All these factors affect patients in different ways, depending
on their individual sensitivity to sodium, which determines the
volume-dependent mechanisms of blood pressure (BP) eleva-
tion activity. Therefore, preclinical or early clinical diagnosis of
EAH, as well as the search for risk factors of CKD appearance
linked to hypertension, depending on sodium sensitivity, is im-
portant. In view of the above, it was considered to investigate
some metabolic disorders depending on salt sensitivity.

The objective: to investigate the lipids’ metabolism,
glucose level and some clinical and anthropometric data
depending on sodium-sensitive (SS) / sodium-resistance
(SR) and gender in EAH patients.

MATERIALS AND METHODS

EAH patients were selected in accordance with the
guidelines and recommendations of the National Ukrainian
and European Societies of Cardiology and Hypertension
(ESC, ESH 2018, 2023) [8,9]. The research protocol was ap-
proved by the Bioethics commission at the Bukovinian State
Medical University (Protocol Ne2 from 19.10.2023). 100
patients with Hypertension-mediated organ damage (IInd
stage), 1st-3rd degrees of arterial blood pressure (BP) eleva-
tion, moderate, high, or very high cardiovascular risk were
screened and selected for the study. Inclusion and exclusion
criteria are listed in the former publication [10, 11]. The pa-
tients age ranged from 45 to 70 years (59.87 £ 7.98 years on
average), 21.0% of them were men, 79.0% were women. The
control group consisted of 60 practically healthy people (22
men (36.67%), 38 women (63.33%)), aged 44.39 + 5.92 years
(p<0.001). The groups did not differ by sex. All participants
signed an informed consent to participate in the study.

Comprehensive examination included: general clinical
tests, anthropometric (waist and hip circumference (WC, HC),
waist-to-hip ratio (WHR)), body mass index, (BMI), labora-
tory tests (general blood and urine tests, urine protein, fasting
plasma glucose, serum creatinine, cystatin-C, bilirubin, lipid
spectrum), instrumental (12-lead ECG, Echocardiogram, office
blood pressure (BP), ultrasound of the kidneys), as well as con-
sultations of an ophthalmologist and a neurologist, if necessary.

Obesity was identified by BMI increase > 30 kg/m?
BMI<24.9kg/m?was considered normal,and BM125-29.9kg/
m? was considered overwight [8, 9]. The lipid panel was studied
using colorimetry after serum content of total cholesterol (TC),
triacylglycerols (TG) and high-density lipoprotein cholesterol
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(HDL-C). Serum low-density lipoprotein cholesterol (LDL-
C) was estimated by the Friedewald equation, atherogenicity
index (AI) — according to Klimov's equation [6, 10].

WC was considered as increased for men (M) > 102 cm,
for women (W) > 88 cm; WHR increased in W > 0.85 U,
in M > 0.95 U. All examined participants had objective
signs of Hypertension-mediated organ damage (EAH
IInd stage) [8, 9]. Compensated DM type 2 (T2DM) was
found in 29% of EAH patients.

CKD was diagnosed in 43 EAH patients according to
the US National Kidney Association recommendations
(KDIGO 2024) [12]. Glomerular filtration rate (GFR)
was estimated (eGFR) using the CKD-EPI equation based
on Cystatin-C (cys) and creatinine (cr) serum values (de-
pending on gender) [13]. There were 35 women (44.30%)
and 8 men (38.10%) among EAH patients with CKD. A
decrease in GFR was defined as < 60 ml/min/1.73 m?, for
> 3 months with or without other signs of kidney damage,
according to the KDIGO recommendations (2024) [12].

SS/SR in EAH patients was determined according to
Weinberger method (1996) [14]: a high-salt diet (15 g salt/
day is equal to 249 mmol sodium/day) administered for 5
days, then restrict salt consumption (2 g/day — 50 mmol so-
dium/day) for another 5 days. BP was monitored during this
period (provided office BP measurement on the last day of
the high-salt diet and the last day of the low-salt diet).

Individuals who showed a > 10% difference in the aver-
age office BP values under high and low sodium loads were
considered «sodium sensitive” (SS), as well as those who
showed BP decreased > 10 mmHg, when switching from a
high-salt to a low-salt diet (when comparing two BP meas-
urements — on the 5™ and 10" days of different salt diets).
Individuals with BP decrease < 5 mmHg were assigned to
the “sodium resistant” (SR) group, and an intermediate de-
crease in blood pressure of 6-9 mmHg interpreted as “un-
determined” (those who did not demonstrate a clear SS). In
our study, 54% of EAH patients were found to be SS, 30%
were SR, and the rest (16%) were “undetermined” (but not
definitely SS, therefore they were included in SR group).

The statistical analysis carried out by the variation sta-
tistics methods using the Statistica v.7.0 software (StatSoft
Inc., USA). The differences between groups for independent
samples were verified using the unpaired Student’s t-test (if
the data distribution were close to normal according to the
Kolmogorov-Smirnov tests and the Shapiro-Wilk W-test), or
the Wilcoxon-Mann-Whitney U-test (for an uneven data dis-
tribution). Differences were considered significant at p < 0.05.

RESULTS AND DISCUSSION

BMI in SS individuals exceeded that in SR subjects,
both in controls and EAH, as in women as in men: in
the control group — by 18.31% (p = 0.05) and 32.78%
(p <0.001) in women and men as well, in the study group
— by 29.32% and 33.54% (p < 0.001), respectively (Ta-
ble 1). It should be noted that the BMI in EAH women
prevailed over that in women of the control group regard-
less of SS — by 21.30% (p = 0.002) and 10.67% (p = 0.004).
WC was greater in SS than in SR patients — by 15.02%
and 23.40% (p < 0.001), higher in men than in women —
by 11.17% (p = 0.001). The WHR also prevailed in SS pa-
tients, but only in men — by 8.51% (p = 0.003) and was
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significantly higher than in women in all observed groups
by 6.82-28.75% (p < 0.028—0.001) respectively.

There were no significant differences in BP values,
blood creatinine, Cystatin-C and albuminuria depending
on SS/SR in EAH patients, although these parameters
were higher than in the control group (p < 0.001) (Ta-
ble 1). However, the presence of SS increases the risk of
severe EAH course (SBP/DBP > 160/100 mmHg) more
than 2 times (OR = 2.19; OR 95%CI: 1.0-5.05; p = 0.049).

Some parameters of lipids’ metabolism were depended on
the SS/SR status, but only in the control group (Table 2):
the TG level was higher in SS than in the SR subjects — by
58.50% (p,= 0.011), and HDL-C, on the contrary, was low-
er in women — by 15.82% (p, = 0.004), in men — by 41.04%
(p, = 0.004), which led to an increase in the AL, but reliably
only in men — by 45.90% (p, = 0.005). In addition, in men of
both groups, the HDL-C level was lower than in women by
16.54-40.60% (p,,<0.042-0.039), which led to a correspond-
ingly higher AI — by 31.75-57.52% (p,, < 0.048-0.006), but
did not have a clear dependence on the salt sensitivity status.

Several studies have demonstrated BP response to dietary
sodium intake in the general population [15, 16]. This has led
to debates about whether sodium sensitivity and resistance are
distinct phenotypes or merely the extremes of a Gaussian distri-
bution of random BP responses to dietary sodium. Some stud-
ies have shown that salt sensitivity is a long-term reproducible
and stable trait in the general population [16, 17]. The GenSalt

Some clinical, biochemical and anthropometric parameters depending on Sodium sensitivity / Sodium resistance and gender
Control, n =60

Study, which involved 487 Chinese adults undergoing repeat-
ed low-sodium (1.180 mg/day) and high-sodium (7.081 mg/
day) interventions 4.5 years apart, found significant correla-
tions between initial and repeated BP responses [17]. He J et
al [18] identified three distinct subgroups with high sensitiv-
ity, moderate sensitivity, and resistance to sodium intake, each
with different risks for developing hypertension. These findings
reinforce the importance of recognizing sodium sensitivity and
resistance as clinical phenotypes for future interventions.

Inaretrospective cohort study involving 156 hypertensive
patients, SS was associated with a threefold increase in cardi-
ovascular disease risk (Rel Risk 3.05; 95%CI: 1.34—6.89) [ 19].
Weinberger MH et al in another cohort study, which includ-
ed 596 participants with normal or elevated blood pressure,
found that SS was associated with an increased risk of all-
cause mortality (OR=1.73; 95%CI: 1.02-2.94) [20].

Several cross-sectional studies have indicated that high SS
is more prevalent in individuals with hypertension compared
to those with normal BP [16, 18, 21]. However, it remains
unclear whether salt sensitivity precedes the onset of EAH.
He J et al in GenSalt study found that individuals with high
SS had a significantly elevated hypertension risk developing,
regardless of their baseline BP and other established risk fac-
tors [22]. Besides, the GenSalt study offered robust evidence
that SS is an independent risk factor for EAH. Moreover, the
GenSalt study has demonstrated the evidence that SR indi-
viduals are at a higher risk for developing hypertension com-

Table 1

Patients, n= 100

Parameters Sodium-sensitive, Sodium-resistance, Sodium-sensitive, Sodium-resistance,
n=12 n=48 n=54 n =46
26,91+0,92
w 28.69 + 2.54 s o0 p=0.004
BMI, kg/m? v ’ p, <0.001
25.50 £0.54 26,92+0,77
4 4 , ;
M 33.86+0.49 b, < 0.001 35.95 + 1.61 b, < 0.001
155.68 £6.18 149.13 £ 4.61
SBP, mmHg 118.32%1.19 115.83%2.50 b <0.001 0 <0.001
95.81+£3.0 92.17£2.69
DBP, mmHg 76.67+2.76 75.83+2.50 b <0.001 p <0.001
106.05 + 3.38 92.20+3.01
W 86.50 £ 3.87 76.73 £3.65 b <0.001 p.p, < 0.001
WC, cm .90 +4.
" 108.50 +0.83 93.33+2.93 Rl 95.54+2.35
p,, < 0.001 p,;P,, < 0.001 by, =0.001 p, <0.001
0.90+0.02 0.88+0.02
R w 0.80+0.03 0.78+0.02 b = 0.007 0 <0.001
’ M 1.03+0.03 0.92+0.02 1.02+0.02 0.94+0.015
p,, = 0.028 p,, < 0.001 p,, < 0.001 p,,p,, =0.003
Total bilirubin, uM/I 18,0+ 1,50 14.34 £2.53 14.04 £ 3.52 13.59+2.92
- 78.74+5.09 78.78 £ 3.64
Serum Creatinin, umol/I 68,83 3,28 66.11+1.26 =005 b < 0.001
) 1.01+£0.07 1.01+£0.045
Serum Cystatin-C, mg/I 0.88+0,02 0.85+0.025 b=0.05 b <0.001
. 24.70 £4.91 20.97 +2.73
Urea Albumin, mg/I 0.83+0,24 0.87 +0.30 p < 0.001 b < 0.001

Note. W — women; M — men; WC — waist circumference; BMI — body mass index; SBP / DBP — systolic / diastolic blood pressure; WHR — Waist-to Hip Ratio;
p — probability of differences with corresponding control group depending on sodium sensitivity / Sodium-resistance; p1 — probability of differences with sodium

sensitivity subjects within every group; pW — probability of differences between men and women within every group according to particular data.
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Table 2
Lipids’ metabolism data and glucose level depending on salt sensitivity / salt resistance and gender
Control, n =60 Patients, n= 100

Parameters Sodium-sensitive, Sodium-resistance, Sodium-sensitive, Sodium-resistance,
L n=48 n =54 n =46
7.66 +£1.23 7.16+1.20
Serum glucose, mmol/I 5.45+0.20 5.02+0.23 0 =0.025 b =0.004
TC, mmol/I 5.42+0.28 5.58 £0.33 5.56 £0.44 5.74 +£0.46
TG, mmol/I 2.33%£0.25 1'4Zi0'24 2.10+0.36 1.82+0.32
p,=0.011
4.38+0.36
w 4.0+0.29 3.74+0.29 4.0+0.36
LDL-C, mmol/I p=0.045
M 3.71+£0.17 4.33+0.26 4.39+0.50 3.99+0.42
W 1.33%0.09 155%8'01:’ 1.08+0.17 15?;&?
- 1Y =U.
HDL-C, mmol/l " 0.79+0.01 1344014 1.1220.10 1.11+0.08
p,, = 0.042 p,=0.004 p=0.044 p,, =0.039
3.61+0.42
w 3.39+£0.43 2.54 +0.31 3.37+0.37 b =0.002
Al +
v 5.34£0.10 8.66+0.46 4.44+0.60 N
-0.048 p, =0.005 b, = 0.006 3.80£0.40
Pu =" p,, = 0.024 W=

Note. p — probability of differences with corresponding control group depending on sodium sensitivity / Sodium-resistance; p1 — probability of differences with sodium
sensitivity subjects within every group; pW — probability of differences between men and women within every group according to particular data; TC — total cholesterol;
TG - triacylglycerols; HDL-C — cholesterol of high-density lipoprotein; LDL-C — cholesterol of low-density lipoprotein; Al — atherogenicity index; W — women; M — men.

pared to those with moderate SS. This finding challenges the
conventional belief that normotensive individuals who are
resistant to sodium are at a lower risk for EAH [22].

Among potential mechanisms of SR hypertension have
been suggested metabolomic and lipidomic profile changes
(insulin resistance, obesity, hormones abnormalities), sign-
aling pathways disturbances including sodium and water
transporters, endothelial dysfunction, elevated systemic vas-
cular resistance, microbiome influence, genetic predisposition,
etc [23—34]. Apart from these mechanisms there are some sup-
portive co-factors of SS and EAH risk such as sex, age, race,
baseline BP, physical activity, smoking, alcohol intake, potas-
sium and sodium consumption, eGFR, immune disorders, etc
[22, 35-38]. Our study conforms these results: EAH individu-
als with SS or SR were at an increased risk for EAH, dyslipi-
demia and glucose level changes without statistically reliable
differences between them. But at the same time, SS patients
had higher BMI and WC than SR individuals, regardless of
gender, by 15.02—33.54%, moreover, men had greater albumi-
nuria by 42.34% and higher serum creatinine and cystatin-C
levels, accompanied by lower eGFR — by 12.23%, respectively.

Further research is needed to understand the underly-

ing mechanisms of sodium-sensitive and sodium-resistant
in EAH for improving hypertension management and
prevention. Genomics research in identifying individuals
predisposed to SS or SR hypertension will be crucial for
prevention and treatment of hypertension.

CONCLUSIONS

The EAH course in salt-sensitive patients is featured
by a higher than in salt-resistant persons BMI and WC,
regardless of gender — by 15.02-33.54%, WHR, albumi-
nuria and serum creatinine and Cystatin-C values but
only in men — by 8.51%, 42.34% and 11.39% and 11.88%,
respectively, that causes a lower eGFR — by 12.23%.

BP values, serum lipids profile and glucose concentra-
tions did not differ significantly depending on salt sensi-
tivity. This indicates an equal possibility of having high
blood pressure, dyslipidemic manifestations and glucose
level regardless of salt sensitivity status.

Prospects for further research: it is necessary to
study the associations of SS/SR with clinical and labora-
tory data in EAH patients depending on genetic factors.
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