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ALPHA-ADDUCIN 1 (ADD1) GENE, CLINICAL-DEMOGRAPHIC
AND METABOLIC PREDICTORS OF ARTERIAL
HYPERTENSION AND CHRONIC KIDNEY DISEASE IN
WESTERN UKRAINE POPULATION

Introduction. Chronic kidney disease (CKD) is a global public
health problem affecting about 10% of the population worldwide.
Nowadays, the genetic predisposition to CKD development in patients
with arterial hypertension (AH) is studied insufficiently. Therefore, the
search for early CKD predictors due to hypertension is on the cutting
edge of contemporary medicine. Objectives: to evaluate the risk of
essential AH (EAH) and CKD in the population of Western Ukraine
(North  Bukovina) based on some demographic, clinical, and
anthropometric data, gender, and alfa adducin 1 gene (ADD1; rs4961).

Materials and methods. 100 patients with EAH and 60 practically
healthy (control group) participated in the study. All participants
underwent clinical and laboratory examinations. Among the risk factors,
a burdened anamnesis of cardiovascular disease (CVD), type 2 diabetes
mellitus (DM2), waist circumference (WC), hip circumference (HC),
waist-to-hip ratio (WHR), body mass index (BMI) in men (M) and
women (W) were studied. CKD was defined by glomerular filtration rate
(GFR) according to the CKD-EPI equation, taking into account
creatinine (cr) and cystatin-C (cys) blood levels (KDIGO, 2024). ADD1
(rs4961) gene polymorphism genotyping was performed by real-time
PCR.

The results. The risk of EAH is 4 times higher with CVVD burdened
(95% CI: 1.15-13.88; p=0.027), 8.5 times higher — in the smokers who
are carriers of the GG-genotype of the ADD1 gene (rs4961) (OR=8.67;
95% CI: 1.04-72.32; p=0.02), almost 2.5 times higher — with
hypercystatinemia-C (>1.1 mg/l) in T-allele carriers (rs4961), but the
difference is significant only in women — by 4.67 times (95% CI: 1.19-
18.33; p=0.033). The GG-genotype of the ADD1 gene (rs4961)
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increases the CKD risk in EAH men by 2.67 times (95% CI: 1.0-7.34;
p=0.047). The EAH risk increases regardless of ADD1 gene
polymorphic variants (somewhat stronger in patients with mutated
T-allele) in subjects with obesity — by 3.37 and 12 times (95% ClI: 1.23—
9.24; p=0.014 and 95% CI: 2.24-64.29; p=0.001), in subjects with
increased WC (W >88 cm, M >102 cm) — by 4.14 and 45 times (95%
Cl: 1.49-11.48; p=0.006 and 95% ClI: 7.34-275.8; p<0.001), in subjects
with increased BMI (>25.0 kg/m?) and WHR (>0.85 U) — but only in
women — by 5.78-9.90 and 30.33-60.67 times (95% CI: 1.12-56.96;
p<0.029-0.008 and 95% ClI: 5.58-659.3; p<0.001), respectively.

Conclusions. The risk of EAH in the Western Ukraine population
increases with burdened CVD heredity, smoking, hypercystatinemia-C
in T-allele carriers of the ADD1 gene (rs4961), BMI, WC, and WHR
elevation. The GG-genotype of the ADD1 gene increases the CKD risk
in hypertensive men.

Keywords: chronic kidney disease, arterial hypertension, glomerular
filtration rate, gene ADD1 (rs4961), risks, anthropometria, obesity,
heredity.
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TEH AJBb®A-AJIVOUHY 1  (ADD1), KJIIHIYHO-
JEMOIPA®IYHI I  METABOJIYHI  HOPEJUKTOPH
APTEPIAJIBHOI TINEPTEH3Ii I XPOHIYHOiI XBOPOBHU
HUPOK Y MELIKAHIIIB 3AXIJTHOi YKPAIHI

AkTtyanpHicTb. XpoHiuHa XBopoOa Hupok (XXH) € riaobampHOIO
MpoOJIeMOI0 TPOMAJICHKOI OXOPOHH 3IIOPOB’S, SIKA OXOIUIIOE OJIM3BKO
10% wnacenenns minadHeTd. Ha chOrojHi, HEAOCTATHLO JOCIIIKEHOI €
TeHeTHYHAa CXHJIBHICTh 10 po3BUTKY XXH y XBopHux Ha aprepialibHy
rineprensito (AI'). Tomy nomyk pannix npeaukropie XXH 3a AT €
aKTyaJIbHUM 3aBJaHHSIM Cy4acHO! MeJMIMHU. MeTa poOOTH: AOCIIINTH
pU3UK eceHIiitHo1 apTepianpHoi rimeprensii (EAlY) 1 XXH y momymsmii
MEIIKaHIIB 3axigHoi Ykpainu (BykoBuWHa) 3 ypaxyBaHHAM OKpPEMEX
neMorpadivHuX, KIIHIYHIX Ta aHTPOIIOMETPHYHUX TapaMeTpiB, CTaTi Ta
reHa anbha-aguynuny 1 (ADDI; rs4961).

Marepianun i merogm. Y nociikeHHI mpuiH:Ao ydvacts 100
xBopux Ha EAT i 60 npakTW4HO 370pOBHX TPYNH KOHTPOJIO, SKUM
BUKOHAJIM KOMIUICKC KIIIHIYHO-TabopaTopHux obctexenb. Cepen
YMHHHUKIB PH3MKY JOCITI/DKYBaJIu OOTSDKEHHII aHaMHe3 3a CeplieBO-
cynuHHAME 3axBopioBaHHsIMH (CC3), HasBHICTH IyKpoBOro miabery 2
tuty (I1J12), o6Bin tamii (OT), o6Big creron (OT), crmiBBigHOIIEHHS
OT/OC, innexc Macu tina (IMT) y wonosikiB (4) i xinok (JK). XXH
BCTAHOBJIOBAJIM 3a MIBUAKICTIO KiyOoukoBoi ¢inprpamii (LKD) 3a
¢dopmynoro CKD-EPI 3 ypaxyBaHHAM piBHIB KpeaTHHiHy (Kp) 1
muctatuHy-C  (umc) kposi (KDIGO, 2024). I'em ADD1 (rs4961)
BuBuanu MetonoM I1JIP B pexxuMi peanbHOTO Yacy.

Pesyabtatn. Pusuk EAI 3poctae 3a 0OTSKEHOI CIagKOBOCTI 3a
CC3 - y 4 pasu (95% CI: 1,15-13,88; p=0,027), y KypiiB HOCIiB
GG-renorumny rerna ADD1 (rs4961) — y monan 8,5 pasis (OR=8,67; 95%
Cl: 1,04-72,32; p=0,02), 3a rinepicratutemii-C (>1,1mr/m) y HociiB
T-amens rena ADD1 (rs4961) — maiixe y 2,5 pasu, aine BipOTriqHO TUTBKH
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y xkiHOK — y 4,67 pazy (OR 95% ClI: 1,19-18,33; p=0,033). GG-renorumn
reda ADD1 migsumye pusnk XXH (3a IIIK®muc) y xBopux Ha EAT
gonoBikiB y 2,67 pazy (OR 95% CI: 1,0-7,34; p=0,047). Pusux EAT
MiABUITYEThCA HE3aNeXKHO Bix moiiMopdumx BapiantiB rema ADDI1
(rs4961) (nermo cuibHimIe y 0Ci6 i3 MyTaIliifHuM T-asesieM) 3a OKUPiHHS
y 3,37 1 12 pazi (95% CI: 1,23-9,24; p=0,014 i 95% CI: 2,24-64,29;
p=0,001), 3a 36inbmenns OT (K >88 cm, U >102 cm) — y 4,14 1 45 pazis
(95% CI: 1,49-11,48; p=0,006 i 95% CI: 7,34-275,8; p<0,001), 3a
spoctanns IMT >25,0 kr/m? i OT/OC >0,85 yo, aJle TibKH Y KiHOK — Y
5,78-9,90 i 30,33-60,67 pazy (95% CI: 1,12-56,96; p<0,029-0,008 i
95% ClI: 5,58-659,3; p<0,001) BixmoBigHO.

BucnoBku. Pusuk EAT" y nmomymsamii 3axigHoi Ykpaiau 3pocrae 3a
obTspkenoi CC3 cmaakoBoOCTi, KypiHHSA, rineprucraTuHeMii-C y HOCIIB
T-anens rema ADD1 (rs4961), sa 30inpmenns IMT, OT ta OT/OC.
GG-renorun rera ADD1 mimsumye pmsuk XXH y xBopux Ha EAD
YOJIOBIKIB.

KuarouoBi caoBa: xponiuHa aprepiaabHa

XBopoOa HHUPOK,

rifnepTeHsis, MBUIKICTh KTy6oukoBoi (inprpamii, ren ADD1 (rs4961),

PH3HKH, aHTPONIOMETPIs, 0)KUPIHHS, CTIaIKOBICTb.

Aemop, sionosioanvruii 3a tucmyeannsn: bozoan Jlumeun, kageopa cimetinoi meouyunu, ByKOBUHCOKUTL 0epHCABHUL

Mmeduunutl ynigepcumem, Yeprisyi, Yrpaina
e.mail: Isydorchuk@ukr.net

ABBREVIATIONS: alfa adducin 1 gene (ADD1), blood pressure (BP), body mass index (BMI), cardiovascular
disease (CVD), chronic kidney disease (CKD), creatinine (cr), cystatin-C (cys), diabetes mellitus type 2 (DM2),
diastolic blood pressure (DBP), essential arterial hypertension (EAH), glomerular filtration rate (GFR), hip
circumference (HC), obesity (OB), systolic blood pressure (SBP), waist circumference (WC), waist-to-hip ratio (WHR)

INTRODUCTION

Chronic kidney disease (CKD) is a global public
health problem affecting about 10% of the population
worldwide [1, 2]. The medical, social, and economic
burden of CKD (in terms of prevalence, morbidity,
mortality, diagnostic, and treatment costs) is steadily
increasing, especially in low- and middle-income
countries, which are least equipped to deal with its
consequences. In 2024, The Lancet Global Health
published the updated Global Atlas of Kidney Health of
the International Society of Nephrology (2024), which
assesses differences in kidney disease and treatment in
almost 200 countries worldwide with different
economic levels [3]. Due to the numerous risk factors
such as obesity (OB), hypertension, and diabetes
mellitus (DM), the number of patients with CKD is also
increasing [4]. Today, there are about 850 million
people with CKD worldwide [5].

CKD is more common in the elderly, women, racial
minorities, and people with hypertension, OB, and DM.
Although mortality in patients with end-stage Kkidney
disease (ESKD) has decreased, the Global Burden of
Disease (GBD) studies have shown that CKD has
become the leading cause of death worldwide and has
generally increased over the past 2 decades. Besides, the

genetic predisposition of CKD development or its
underlying mechanisms has not been sufficiently
studied. Therefore, it is important to search for early
stable markers of CKD in the EAH population and
prognostic predictors of its course severity, which will
determine the metabolome, proteome, and epigenomic
structures activity [6, 7]. One of the possible candidate
genes for hypertension and CKD development through
volume-dependent mechanisms is the alpha-adducin 1
(ADD1) gene, which encodes the corresponding protein
adducin subunit alpha-1, which is responsible for the
intracellular sodium and potassium ions transport in the
body [8]. Therefore, we decided to investigate the
association of the 1378G>T polymorphism of the
ADD1 gene (rs4961) with EAH and CKD onset.

Objectives. To evaluate the risk of EAH and CKD
in the population of Western Ukraine (North Bukovina)
based on some demographic, clinical, and
anthropometric data, gender, and ADD1 gene marker
(rs4961).

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) [9, 10]. The
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research protocol was approved by the Bioethics
Committee at the Bukovinian State Medical University
(Protocol Ne2 from 19.10.2023). One hundred patients
with Hypertension-mediated organ damage (lind stage),
1st-3rd degrees of arterial blood pressure (BP)
elevation, moderate, high, or very high cardiovascular
risk were screened and selected for the study. Inclusion
and exclusion criteria are listed in the former
publication [11-13]. The patients' age ranged from 45 to
70 years (59.87+7.98 years on average); 21.0% of them
were men, and 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.

The comprehensive examination included general
clinical tests, anthropometric (waist and hip
circumference (WC, HC), waist-to-hip ratio (WHR)),
body mass index (BMI), laboratory 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 consultations of an ophthalmologist and a
neurologist, if necessary.
Obesity was identified by a BMI increase of

>30 kg/m?, a BMI of <249 kg/m2 was considered
normal, and a BMI of 25-29.9 kg/m2 was considered
overweight [9, 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
lInd stage) [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) [1]. Glomerular
filtration rate (GFR) was estimated (eGFR) using the
CKD-EPI equation based on cystatin-C (cys) and
creatinine (cr) serum values (depending on gender).
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/1.73m2 for >3 months with
or without other signs of kidney damage, according to
the KDIGO recommendations (2024) [1].

The SNP polymorphism of the ADD1 gene
(378G>T, rs4961) was studied by real-time qualitative
polymerase chain reaction (PCR). A genetic study was
conducted for EAH 72 patients and 48 subjects of the
control group. Lymphocyte DNA was isolated and
purified from EDTA-stabilized peripheral venous blood
lymphocytes  according to the manufacturer's

instructions  (Thermo  Fisher  Scientific, USA).
Amplification and genotyping were performed on a
CFX96 Touch™ device (Bio-Rad Laboratories, Inc.,
USA) using specific complementary TagMan probes.
The CFX96 software recorded the melting temperature
of the TagMan probes, taking into account the Fam and
Hex fluorescent labels.

Statistical processing was performed using the
StatSoft Statistica v.7.0 software (StatSoft Inc., USA).
Compliance of the genotype distribution with the
Hardy-Weinberg  equilibrium in  the examined
population was checked using the y? test. Potential risk
factors were determined by clinical epidemiology
methods (multivariate logistic regression model) using
relative risk (RR), odds ratio (OR), and 95% confidence
interval [95% CI] based on the y? criterion. Differences
were considered significant at p<0.05.

RESULTS

The ADD1 gene genotypes distribution of the
1378G>T polymorphism (Gly460Trp, rs4961) did not
differ between groups: GG-, GT- and TT-genotypes
were found among patients — in 69.44% (50), 29.17%
(21) and 1, 39% (1) of cases, in the control group — in
54.17% (26), 39.58% (19) and 6.25% (3) of people,
respectively (y?=4.04; df=2; p=0.133). Binary logistic
regression did not confirm the inheritance of EAH
according to any model, except for the low probability
of EAH in T-allele carriers within the additive model
marginally [OR=0.52; 95% CI: 0.26-1.0; p=0.05] with
the lowest Akaike index (AKI=14.81).

Reliable differences in the distribution of patients
according to the EAH severity (BP >160/>100 mm Hg),
GFR according to creatinine (GFRcr <60 ml/min/1.73m?)
and cystatin-C (GFRcys <60 ml/min/1.73m?) based on
the 1378G>T polymorphism of the ADD1 gene (rs4961)
were not established (Table 1).

The age of participants did not differ within each
group, taking into account the allelic status of the ADD1
gene (Table 2). Women dominate over men
quantitatively: among patients — 2.42 times (3?=25.0;
p<0.001), in the control group — 1.67 times (y?=6.0;
p=0.014). T2DM, BMI increase >25.0 kg/m? in men,
eGFR decrease (<60 ml/min/1.73 m?) did not depend on
ADD1 gene polymorphism (rs4961) and did not affect
the EAH risk in the examined population.

In EAH patients burdened hereditary anamnesis for
cardiovascular diseases (CVD) was registered more
often than in control group, but significantly only in GG
genotype carriers by 22.77% (x%=3.69; p=0.045);
obesity and WC increased (W >88 cm, M >102 cm) also
occurred more often in EAH patients: in GG genotype
carriers — by 29.23% (%?=5.85; p=0.016) and 31.85%
(x?=7.86; p=0.005), in the T-allele patients — by 45.46%
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Table 1 — Glomerular filtration
polymorphism (rs4961)

rate and arterial hypertension severity depending on the ADD1 gene 1378G>T

Gene genotypes ADD1, n=72 (%)
TloKka3HUKH x2 p
GT-, TT-genotypes, n=22 GG-genotype, n=50

<160/<100 11 (50.0) 29 (58.0)
BP, mm Hg 0.4 0.527

>160/>100 11 (50.0) 21 (42.0)
GFRer, >60 13 (59.09) 35 (70.0) 0.0 0365
ml/min/1.73m? <60 9 (40.91) 15 (30.0) ' '
GFReys, >60 12 (54.55) 25 (50.0) 015 0718
ml/min/1.73m? <60 10 (45.45) 25 (50.0) ' '

Note. BP — blood pressure; GFRcr, GFRcys — glomerular filtration rate after CKD-EPI equation according to
Creatinine (cr), Cystatin-C (cys)

Table 2 — Some demographic, clinical and anthropometric data of the examined depending on the 1378G>T
polymorphism of the ADD1 gene (rs4961)

Control, n=48 (%)

Patients, n=72

Parameters GG-genotype, GT-, TT- GG- genotype, GT-, TT-
n=26 genotype, n=22 n=50 genotype, n=22
57.03+6.05 58.93+4.80
Age, years 43.61+£5.47 41.33+5.66
P<0.001 P<0.001
w 16 (61.54) 14 (63.64) 35 (70.0) 16 (72.73)
Sex, n (%)
M 10 (38.46) 8 (36.36) 15 (30.0) 6 (27.27)
Smokers, n (%) 0 4 (18.18) 10 (20.0) 5(22.73)
Burdened heredity for CVD, n (%) 18 (69.23) 17 (77.27) 46.0 (92.0) 19.0 (86.36)
T2DM, n (%) 0 0 19 (38.0) 10 (45.45)
Obesity, n (%) 8 (30.77) 2 (9.09) 30 (60.0) 12 (54.55)
0 12 (46.15 2 (9.09 39 (78.0 18 (81.82
WC, 1 (%) (46.15) (9.09) (78.0) (81.82)
N 14 (53.85) 20 (90.91) 11 (22.0) 4 (18.18)
W ) 2 (12.5) 0 29 (82.86) 13 (81.25)
WHR, N 14 (87.5) 14 (100.0) 6 (17.14) 3(18.75)
n (%) " 0 2 (20.0) 2 (25.0) 8 (53.33) 3(50.0)
N 8 (80.0) 6 (75.0) 7 (46.67) 3(50.0)
W 1(>25.0) 10 (62.5) 6 (42.86) 33 (94.29) 13 (81.25)
BMI, N (<25.0) 6 (37.5) 8 (57.14) 2 (5.71) 3(18.75)
n (%) " 1(>25.0) 6 (60.0) 8 (100.0) 14 (93.33) 6 (100.0)
N (<25.0) 4 (40.0) 0 1(6.67) 0
1(>25.0 16 (61.54 14 (63.64 47 (94.0 19 (86.36
BML. n (%) (>25.0) (61.54) (63.64) (94.0) (86.36)
N (<25.0) 10 (38.46) 8 (36.36) 3(6.0) 3(13.64)

Note. W — women; M — men; CVD - cardio-vascular disease; T2DM — type 2 diabetes mellitus; WC — waist
circumference; WHR — waist-to-hip ratio; BMI — body mass index; P — probability of differences with corresponding
genotypes of the control group
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(x?=10.48; p=0.001) and 72.73% (y?=23.47; p<0.001)
respectively. Similarly, the WHR prevailed, but reliably
only in women: in GG-genotype carriers — by 70.39%
(x?=22.80; p<0.001), in T-allele subjects, it occurred in
81.25% (2=20.07; p<0.001).

Epidemiological analysis confirmed an EAH risk
increase almost twice for the GG-genotype (rs4961)
(OR=1.92; 95% CI: 0.90-4.10; p=0.066), burdened
heredity for CVD — 4 times (OR=4.0; 95% CI: 1.15-
13.88; p=0.027) and in GG genotype smokers — more
than 8.5 times (OR=8.67; 95% CI: 1.04-72.32; p=0.02),
respectively (Table 3). The risk of EAH increases

regardless of polymorphic variants of the ADD1
(rs4961) gene, somewhat stronger in the mutated
T-allele owners: for OB 3.37 and 12 times (95% ClI:
1.23-9.24; p=0.014 and 95% CI: 2.24-64.29; p=0.001),
for WC increase — 4.14 and 45 times (95% CI:; 1.49-
11.48; p=0.006 and 95% CI: 7.34-275.8; p<0.001), for
BMI increase (>25.0 kg/m?) and WHR (>0.85 U), but
only in women — 5.78-9.90 and 30.33-60.67 times
(95% CI: 1.12-56.96; p<0.029-0.008 and 95% CI:
5.58-659.3; p<0.001), respectively. The GG-genotype
of the ADD1 gene increases the risk of CKD in men
with EAH 2.67 times (OR 95% ClI: 1.0-7.34; p=0.047).

Table 3 — Some clinical, anthropometric and demographic predictors of arterial hypertension in the examined
population depending on the 1378G>T polymorphism of the ADD1 gene (rs4961)

GG-genotype of ADD1 gene T-allele of ADD1 gene
Independent variables
OR OR 95% ClI p OR OR 95% ClI p
Genotype 1.92 0.90-4.10 0.066 0.52 0.24-1.11 0.089
s w 1.91 0.75-4.85 0.169 1.52 0.42-5.47 0.517
ex
M 0.69 0.25-1.85 0.458 0.66 0.18-2.36 0,373
Burdened heredity for CVD 4.0 1.15-13.88 0.027 2.94 0.50-17.14 0.206
SBP/DBP >160/100 mm Hg 0.72 0.26-1.98 0.354 1.38 0.50-3.78 0.527
Smoking 8.67 1.04-72.32 0.02 1.32 0.30-5.77 0.50
T2DM 0.73 0.27-2.03 0.554 1.36 0.49-1.75 0.367
Obesity 3.37 1.23-9.24 0.014 12.0 2.24-64.29 0.001
>25.0 9.90 1.72-56.96 5.78 1.12-29.85
w 0.008 0.029
<25.0 0.1 0.02-0.58 0.17 0.03-0.89
BMI, kg/m?
>25.0 9.33 0.85-101.9 - -
M 0.064 1.0
<25.0 0.11 0.01-1.17 - -
WHR. U w >0.85 33.83 6.04-189.5 <0.001 60.67 5.58-659.3 <0.001
’ M >0.95 4.57 0.72-29.13 0.105 3.0 0.21-28.84 0.343
w >88
WC, cm 4.14 1.49-11.48 0.006 45.0 7.34-275.8 <0.001
M >102
GFReys, <60 ml/min/1.73 m? 1.20 0.44-3.28 0.718 0.83 0.30-2.28 0.461
GFRer, <60 ml/min/1.73 m? 0.62 0.22-1.76 0.261 1.62 0.57-4.58 0.365

Note. OR — odds ratio; 95% CI — 95% confidence intervals; W — women; M —men; CVD — cardio-vascular disease;
SBP / DBP — systolic / diastolic blood preasure; T2DM — type 2 diabetes mellitus; BMI — body mass index; WHR —
waist-to hip ratio; WC — waist circumference; GFRcys/GFRcr — glomerular filtration rate for cystatin-C/creatinine

DISCUSSION

Adducin is a heterodimeric protein of the cell
cytoskeleton containing a- and b-subunits, promotes the
attachment of spectrin protein to actin, binds to
calmodulin, is a substrate for protein kinases A and C,
and also regulates the activity of (Na+, K+)-ATPase.
Some recent studies confirm the o-adducin gene

involvement in the development of EAH [14, 15]. Jin H
et al. [8], in a meta-analysis, confirmed the rs4961
(ADD1) as a genetic marker of EAH in an Asian
population of more than 40,000 participations.

Li YY [16] performed a meta-analysis of the ADD1
gene (rs4961) association with EAH in 10,960 Chinese
people of four ethnic groups: Han, Kazakh, Mongolian,
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and She. 18 studies with 5087 EAH patients and 4183
controls were included in the Han subgroup. Three
studies with 636 EAH patients and 462 controls were
included in the Kazakh subgroup. The Mongolian
subgroup was represented by only one study with 100
EAH patients and 50 controls; similarly, only one study
with 116 EAH patients and 326 controls was available
for the She subgroup. A total of 23 separate studies
involving 5939 EH patients and 5021 controls were
retrieved and analyzed. The author established a reliable
linkage of the rs4961 ADD1 gene with EAH in the
recessive model (OR:1.40; 95% CI. 1.16-1.70,
P=0.0005) and the allelic model as well (OR:1.12; 95%
Cl: 1.04-1.20; P=0.002), in the absence of such in the
dominant (p>0.05). But the models significance was
confirmed only for the Chinese Han ethnic group, not
for the rest of the ethnic minorities.

Zhang Y et al. [17] also obtained similar results
among the Han (n=410) but not the Mongolian (n=423)
population in Inner Mongolia Area. RS4961-T carrier of
the ADD1 gene was associated with a 1.63-fold higher
EAH risk than G allele carriers females in the Han
population, whereas the rs4961-G carrier (GG + GT)
was 0.59-fold lower than the TT carrier in the dominant
model.

On the contrary, Morrison AC et al. [18] proved that
the ADD1 460W allele was not associated significantly
with the prevalence of peripheral arterial disease (PAD)
or incidence of coronary heart disease (CHD). However,
when the researchers selected only hypertensive
patients, the following relationship was confirmed: for
PAD (OR: 2.61, 95% ClI: 1.27-5.37, P=0.01) and CHD
(HRR: 2.30, 95% CI: 1.20-4.42, P=0.01). In our
research, we did not establish a direct linkage between
the ADD1 gene (rs4961) and the EAH development in
the examined population (Western Ukraine — North
Bukovyna). However, after adjustment for multiple
additional risk factors, we found an EAH risk elevation
in the presence of obesity 3.37 and 12-fold (higher in
the mutated T-allele carriers), by WC increase — 4.14
and 45 times, by BMI increase (>25,0 kg/m?) and WHR
but only in women (>0.85 U) — 5.78-9.90 and 30.33—
60.67 times, respectively.

Bianchi G. et al. [19] analyzed the association of
ADD1, ADD2, ADD3 genes on three different
chromosomes with impact on hypertension and related
disorders in mice and humans and obtained
controversial results in different studies: 12 of 16
studies found that ADD1 (rs4961) polymorphism alone

PROSPECTS FOR FUTURE RESEARCH

or in combination with ACE (I/D) gene positively
associates with stroke or coronary heart disease or renal
or vascular dysfunctions; 4 out of 5 studies showed a
selective beneficial effect of diuretics in mutated ADD1
carriers. Gupta S et al. [20] proved that the T allele of
the ADD1 gene may be considered as the risk factor for
the development of diabetes in hypertensive patients. In
our studies, T2DM was not associated with ADD1 gene
(rs4961) polymorphism in EAH patients. However,
obesity increased the risk of EAH more strongly in the
T-allele carriers. However, the recent studies' analysis
related to anthropometric, clinical, and metabolic
parameters, as well as ADD1 (rs4961) genetic factors,
showed their contradictions and inconclusiveness. The
inconsistency of the results obtained in different
populations confirms the need for further research in
this direction.

In Ukraine, the epidemiology of the ADD1 gene was
studied only in the hypertensive population of Sumy
region (n=120) and 112 healthy volunteers [21], so there
was a need to expand and supplement the research in
Western Ukraine (North Bukovina), as well as to study
previously unknown mechanisms of CKD development
in EAH patients depending on ADD1 gene
polymorphism (rs4961).

CONCLUSIONS

The risk of EAH is 4 times higher with CVD
burdened (95% CI: 1.15-13.88; p=0.027), 8.5 times
higher — in the smokers who are carriers of the GG-
genotype of the ADD1 gene (rs4961) (OR=8.67; 95%
Cl: 1.04-72.32; p=0.02), almost 2.5 times higher — with
hypercystatinemia-C (>1.1 mg/l) in T-allele carriers
(rs4961), but the difference is significant only in women
— by 4.67 times (95% CI: 1.19-18.33; p=0.033). The
GG-genotype of the ADD1 gene (rs4961) increases the
CKD risk in EAH men by 2.67 times (95% CI: 1.0-
7.34; p=0.047).

The EAH risk increases regardless of ADD1 gene
polymorphic variants (somewhat stronger in patients
with mutated T-allele) in subjects with obesity — by 3.37
and 12 times (95% Cl: 1.23-9.24; p=0.014 and 95% CI:
2.24-64.29; p=0.001), in subjects with increased WC
(W >88 cm, M >102 cm) — by 4.14 and 45 times (95%
Cl: 1.49-11.48; p=0.006 and 95% CI: 7.34-275.8;
p<0.001), in subjects with increased BMI (>25.0 kg/m?)
and WHR (>0.85 U) — but only in women — by 5.78—
9.90 and 30.33-60.67 times (95% CI: 1.12-56.96;
p<0.029-0.008 and 95% CI: 5.58-659.3; p<0.001),
respectively.

We contemplate studying the EAH risk in the Western Ukraine population based on salt sensitivity/salt resistance

and ADD1 gene (rs4961) polymorphisms.

911



Eastern Ukrainian Medical Journal. 2024;12(4):905-913

AUTHOR CONTRIBUTIONS

Sydorchuk LP — contributed to the study conception and design, data extraction and analysis, the drafting of the

manuscript, and final critical revision and approval.

Lytvyn BA — data extraction contributed to the interpretation and analysis of the descriptive data, critical revision,

and final approval.

FUNDING

Research is not funded by grant projects, state budgets, organizations, or third parties.

CONFLICT OF INTEREST

The authors declare the absence of any conflicts of interest or personal financial interest that might be perceived as

prejudicing the impartiality of the research reported.

REFERENCES

KDIGO 2024 clinical practice guideline for the
evaluation and management of chronic kidney disease.
Kidney International. 2024;105(Suppl 4S):S117-S314.
Retrieved from: https://kdigo.org/wp-
content/uploads/2024/03/KDIGO-2024-CKD-
Guideline.pdf

Writing Group for the CKD Prognosis Consortium;
Grams ME, Coresh J, Matsushita K, et al. Estimated
glomerular filtration rate, albuminuria, and adverse
outcomes: an individual-participant data meta-analysis.
JAMA. 2023;330(13):1266-1277.
https://doi.org/10.1001/jama.2023.17002

Bello AK, Okpechi IG, Levin A, et al. An update on the
global disparities in kidney disease burden and care
across world countries and regions. Lancet Glob Health.
2024;12:€382-e395.

Sydorchuk A, Sydorchuk L, Gutnitska A, Vasyuk V,
Tkachuk O, Dzhuryak V, Myshkovskii Yu, Kyfiak P,
Sydorchuk R, Iftoda O. The role of NOS3 (rs2070744)
and GNB3 (rs5443) genes' polymorphisms in
endothelial dysfunction pathway and carotid intima-
media thickness in hypertensive patients. General
Physiology and Biophysics. 2023;42(2):179-190.
https://doi.org/10.4149/gpb 2022060

International Society of Nephrology. Epidemiology of
chronic kidney disease: an update 2022. Published by
Elsevier Inc, 2022. Retrieved from:
https://doi.org/10.1016/j.kisu.2021.11.003

Zhdan V, Volchenko H, Babanina M, Tkachenko M,
Kiryan O, Kitura Y, & Ivanitsky I. The problem of
timely diagnosis of primary hyperaldosteronism.

Clinical case. Int J Endocrin (Ukraine). 2023;19(6):464—
468. https://doi.org/10.22141/2224-0721.19.6.2023.1318

Sydorchuk LP, Dzhuryak VS, Sydorchuk AR, Levytska
SA, Knut RP, Sokolenko MO, Iftoda OM, Kushnir OV,
Popovych Al, Sydorchuk RI. Association of lipids'
metabolism disorders with aldosterone synthase
CYP11B2 (-344C/T) gene polymorphism in
hypertensive patients depending on glomerular filtration
rate. PharmacologyOnLine. 2020;2:230-242. Retrieved
from:
https://pharmacologyonline.silae.it/files/archives/2020/v
ol2/PhOL_2020_2_A023_Sydorchuk.pdf

10.

11.

12.

13.

Jin H, Huang Y, Yang G. Association between a-
adducin rs4961 polymorphism and hypertension: A
meta-analysis based on 40 432 subjects. J Cell Biochem.
2019;120(3):4613-4619.
https://doi.org/10.1002/jcb.27749.

Bryan Williams, Giuseppe Mancia, Wilko Spiering, et
al. 2018 ESC/ESH Guidelines for the management of
arterial hypertension. The Task Force for the
management of arterial hypertension of the European
Society of Cardiology (ESC) and the European Society
of Hypertension (ESH). European Heart Journal. 2018;
39(33):3021-3104.
https://doi.org/10.1093/eurheartj/ehy339

Mancia G, Kreutz R, Brunstrom M, Burnier M, et al.
2023 ESH Guidelines for the management of arterial
hypertension. The Task Force for the management of
arterial hypertension of the European Society of
Hypertension: Endorsed by the International Society of
Hypertension (ISH) and the European Renal Association
(ERA). Journal of Hypertension. 2023; 41(12):1874-
2071. https://doi.org/10.1097/HJH.0000000000003480
Lytvyn BA, Sydorchuk LP, Yarynych YuM, Karazbey
IS, Gutnitska AF. [Arterial hypertension exacerbation
frequencies, depression and anxiety in the condition of
war in Ukraine: some statistics and survey results].
Bukovinian Medical Herald. 2023; 27,Ne4(108):58-62.
https://doi.org/10.24061/2413-0737.27.4.108.2023.11
Sydorchuk AR, Sydorchuk LP, Gutnitska AF, Dzhuryak
VS, Kryvetska I, Sydorchuk RI, Ursuliak YuV, Iftoda
OM. Endothelium function regulation markers and
carotid intima-media thickness in arterial hypertension
depending on NOS3 (rs2070744) and GNB3 (rs5443)
genes polymorphism: a prospective case-control study.
Endocrine Regulations. 2022; 56(2):104-114.
https://doi.org/10.2478/enr-2022-0012

Sydorchuk A, Sydorchuk L, Gutnitska A, Margaryan A,
Dzhuryak V, Sydorchuk R, Iftoda O. Linkage of
Metabolic Disorders, Endothelial Dysfunction and
NOS3 (rs2070744) and GNB3 (rs5443) Genes
Polymorphisms in Hypertensive Patients. Biointerface
Research in Applied Chemistry Open-Access Journal.
2023;13(3):1-12.
https://doi.org/10.33263/BRIAC132.123

912


https://kdigo.org/wp-content/uploads/2024/03/KDIGO-2024-CKD-Guideline.pdf
https://kdigo.org/wp-content/uploads/2024/03/KDIGO-2024-CKD-Guideline.pdf
https://kdigo.org/wp-content/uploads/2024/03/KDIGO-2024-CKD-Guideline.pdf
https://doi.org/10.1001/jama.2023.17002
https://doi.org/10.4149/gpb_2022060
https://doi.org/10.1016/j.kisu.2021.11.003
https://doi.org/10.22141/2224-0721.19.6.2023.1318
https://pharmacologyonline.silae.it/files/archives/2020/vol2/PhOL_2020_2_A023_Sydorchuk.pdf
https://pharmacologyonline.silae.it/files/archives/2020/vol2/PhOL_2020_2_A023_Sydorchuk.pdf
https://doi.org/10.1002/jcb.27749
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1097/HJH.0000000000003480
https://doi.org/10.24061/2413-0737.27.4.108.2023.11
https://doi.org/10.2478/enr-2022-0012
https://doi.org/10.33263/BRIAC132.123

Eastern Ukrainian Medical Journal. 2024;12(4):905-913

14. Kiang KM, Leung GK. A Review on Adducin from
Functional to Pathological Mechanisms: Future
Direction in Cancer. Biomed Res Int.
2018;2018:3465929.
https://doi.org/10.1155/2018/3465929.

15. Zhang JR, Hu WN, Li CY. A Review of the
Epidemiological Evidence for Adducin Family Gene
Polymorphisms and Hypertension. Cardiol Res Pract.
2019;2019:7135604.
https://doi.org/10.1155/2019/7135604.

16. Li YY. a-Adducin Gly460Trp gene mutation and
essential hypertension in a Chinese population: a meta-
analysis including 10,960 subjects. PLoS One.
2012;7(1):e30214.
https://doi.org/10.1371/journal.pone.0030214.

17. Zhang Y, Chang P, Liu Z. ADD1 Single Nucleotide
Polymorphisms Are Associated With Essential
Hypertension Among Han and Mongolian Population in
Inner Mongolia Area. Front Genet. 2022;13:931803.
https://doi.org/10.3389/fgene.2022.931803.

18. Morrison AC, Bray MS, Folsom AR, Boerwinkle E.
ADD1 460W allele associated with cardiovascular

Received 18.06.2024
Accepted 10.07.2024

INFORMATION ABOUT THE AUTHORS

19.

20.

21.

disease in hypertensive individuals. Hypertension.
2002;39(6):1053-7.
https://doi.org/10.1161/01.hyp.0000019128.94483.3a.
Bianchi G, Ferrari P, Staessen JA. Adducin
polymorphism: detection and impact on hypertension
and related disorders. Hypertension. 2005;45(3):331-40.
https://doi.org/10.1161/01.HYP.0000156497.39375.37.
Gupta S, Jhawat V, Agarwal BK, Roy P, Saini V. Alpha
Adducin (ADD1) Gene Polymorphism and New Onset
of Diabetes Under the Influence of Selective
Antihypertensive Therapy in Essential Hypertension.
Curr Hypertens Rev. 2019;15(2):123-134.
https://doi.org/10.2174/1573402114666180731111453.
Yermolenko S, Chumachenko Y, Orlovskyi V,
Moiseyenko I, Orlovskyi O. The Association between
Gly460Trp-Polymorphism of Alpha-Adducin 1 Gene
(ADD1) and Arterial Hypertension Development in
Ukrainian Population. Int J Hypertens.
2021;2021:5596974.
https://doi.org/10.1155/2021/5596974.

0Qoeparcano 18.06.2024
3ameeposceno oo opyxy 10.07.2024

Sydorchuk Larysa Petrivha — MD, DSc, Professor, Head of the Family Medicine Department, Bukovinian State
Medical University, Chernivtsi, Ukraine; ORCID ID: 0000-0001-9279-9531; email: Isydorchuk@ukr.net

Lytvyn Bogdan Anatoliyovych — MD, postgraduate student, Department of Family Medicine, Bukovinian State
Medical University, Chernivtsi, Ukraine; ORCID ID: 0009-0005-7023-4229; email: dr.bogdan@ukr.net

913


https://doi.org/10.1155/2018/3465929
https://doi.org/10.1155/2019/7135604
https://doi.org/10.1371/journal.pone.0030214
https://doi.org/10.3389/fgene.2022.931803
https://doi.org/10.1161/01.hyp.0000019128.94483.3a
https://doi.org/10.1161/01.HYP.0000156497.39375.37
https://doi.org/10.2174/1573402114666180731111453
https://doi.org/10.1155/2021/5596974
mailto:lsydorchuk@ukr.net
mailto:dr.bogdan@ukr.net

