OpuriHanbHi JOCITiHKEHHS

UDC: 616.12-008.331.1-06:616.61-036.12]-008.9:546.41

METABOLIC PATTERN, CHOLECALCIFEROL, PARATHYROID HORMONE AND IONIZED
CALCIUM VALUES IN PATIENTS WITH ARTERIAL HYPERTENSION AND CHRONIC

KIDNEY DISEASE

B. A. Lytvyn, L. P. Sydorchuk

Bukovinian State Medical University, Chernivtsi, Ukraine

Key words:

arterial hypertension,
chronic kidney disease,
albuminuria, vitamin D,
parathyroid hormone,
Cystatin-C, lipids, HDL-C

Clinical and experimental
pathology 2024. Vol.23,
Ne2 (88). C. 94-99.

DOI 10.24061/1727-4338.
XXIII1.2.88.2024.15

E-mail:
dr.bogdan@ukr.net

Arterial Hypertension (AH), Diabetes Mellitus along with other metabolic disorders are
among the leading causes of kidney damage worldwide.

Objective — to investigate the metabolic pattern, cholecalciferol and ionized calcium
blood values in patients with essential AH (EAH) and chronic kidney disease (CKD)
depending on gender.

Material and methods. 100 EAH patients and 60 practically healthy individuals participated
in the study. All participant underwent a complex of clinical and laboratory examinations.
Metabolism was analyzed by the lipid profile (total cholesterol (TC), high-, low density
lipoproteins (HDL-C, LDL-C), atherogenity index (Al), triacylglycerols (TG)), blood
glucose, creatinine, cystatin-C, bilirubin, cholecalciferol, ionized calcium, parathyroid
hormone (PTH) and albuminuria values. Body mass index (BMI), waist circumference
(WC), hip circumference (HC) and waist to hip ratio (WHR) were also determined.
Results. The CKD appearance in EAH patients is accompanied by a higher blood pressure
(BP) values (systolic BP — 5.98 % (p=0.012), diastolic BP — 5.57 % (p=0.007)), mainly
in women — 6.34 % (p=0.008) and 5.81 % (p=0.013), respectively; a higher bilirubin
blood concentration —27.79 % (p=0.007), creatinine and cystatin-C regardless of gender
(stronger in men) — by 21.76-26.67 % (p<0.001), glucose (significantly in men) — 33.49 %
(p=0.035), with a lower level of ionized Ca2+ (p=0.05), HDL-C — 16.81 % (p=0.02),
which cause an increase of the Al (reliably in men) — 35.36 % (p=0.027); higher BMI —
24.67 % (p=0.003) and WC — 14.97 % (p=0.023) in men. Also, in EAH patients with
CKD, more massive albuminuria is observed in general —32.45 % (p=0.02), reliably only
in women —44.20 % (p=0.004). Changes in the vitamin D metabolites concentration and
PTH were not associated with CKD in EAH patients in our study.

Conclusion. A proatherogenic pattern, hyperglycemia, excess body weight/or obesity
(mainly in men), albuminuria and hemodynamic disorders (mainly in women) generally

form metabolic changes in EAH patients with CKD.
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METABOJITYHAN MATEPH, PIBHI XOJIEKAJBIIU®EPOJIY, IAPATTOPMOHY
TA IOHI3OBAHOT'O KAJIBIIIO Y XBOPUX HA APTEPIAJIBHY I'IIEPTEH 3110
I XPOHIYHY XBOPOBY HUPOK

b. A. Jlumeun, JI. Il. Cuoopuyx

BykoBuHCBHKUIi iepxkaBHUN MeAM4HUIl yHiBepcuTeT, M. YepHiBui, Ykpaina

Apmepianvna cinepmenszia (AI), yykposuil diabem nopso 3 THWUMU MemadOnTUHUMU
PO31A0aMU € OOHUMU 3 NPOBIOHUX NPUYUH YPAICEHHS HUPOK Y CEIMi.

Mema pobomu — Oocrioumu MmemadOONYHUL NAMEPH, PIGHI XoneKanrbyu@epony,
napameopmMoHy ma IOHI306AHO20 KANbYII0 y XGOPUX HA eCEeHYiuHy apmepianbHy
einepmensito (EAI) i xporiuny xeopoby nupox (XXH) 3 ypaxyeanusm cmami.
Mamepianu i memoou. Y oocrioicenni ezsiiu yuacmo 100 xeopux na EAI'i 60 npaxmuuno
300po8uUX 0CiO epynu KOHMpONio, AKi NPOUUIU KOMHUIEKC KIIHIYHO-1a00pamopHux
obcmedicenv. Memabonizm ananizyeanu 3a iniOHuM npoginem (3a2aibHUM X01ecmepoiom
(3XC), ninonpomeinamu eucoxoi i nuzvkoi winenocmeu (XC JIIBII], XC JIITHII]),
Koegiyienmom amepozennocmi (KA), mpuayuneniyeponamu (TI)), emicmom y Kposi
eniokosu, Kpeamutiny, yucmamuny-C, Oinipy0Oiny, Xxonexkayugepony, IOHI306aH020
xanvyiio, napameopmony (I1TI) ma aneoyminypiero. Taxooic susnauanu indekc macu miia
(IMT), 066i0 manii (OT), cmezon (OC), ix cnissionouenus (OT/OC).

Pesynomamu. Tlossa XXH y xsopux na EAI cynmposodoicyemuvcsi euwum  pisHem
apmepiansrozo mucky (AT) (cucmoniunoeo AT — na 5,98 % (p=0,012), diacmoniunoco AT —
Ha 5,57 % (p=0,007)), nepesascro y sucinok — Ha 6,34 % (p=0,008) i 5,81 % (p=0,013)
8i0N0BIOHO, 8UUJ0I0 KOHYeHmpayicto y Kposi binipyoiny —rna 27,79 % (p=0,007), kpeamuniny
ma yucmamuny-C HezanexcHo 6i0 cmami (cymmesiute y yonosikie) — na 21,76-26,67 %
(p<0,001), anroxo3u (8ipoziono y uonosikig) — Ha 33,49 % (p=0,035), 3a Hudwcyozo pieHa
ionizoeanoeo Ca2+ (p=0,05), XC JIIIBLL] — na 16,81 % (p=0,02), wo 3ymosuno 36invuierHs

Kniniyna ta exciepuMeHTanpHa narosoris. 2024. T.23, Ne 2 (88)



Original research

Koegiyicumy amepoeennocmi (8ipoziono y uonosikig) — 35,36 % (p=0,027),; oinbwium
IMT — na 24,67 % (p=0,003) i OT — na 14,97 % (p=0,023) y uonosikis. Taxooc npu XXH
v xeopux na EAI" cnocmepicaembcs macueniwia anvoyminypis 3aeaiom — na 32,45 %
(p=0,02), 0ocmogipro minvku y sHcinox — Ha 44,20 % (p=0,004). 3minu konyenmpayii
cymaprnux memabonimis gimaminy D i napameopmony ne acoyirooms i3 XXH y nayicnmie

i3 EAI" y Hawomy 0ocniodicenHi.

Bucnoesok. Ilpoamepoeennuil namepH, 2inepeiikemis, HAOMIPHA MACA MIAA /4u OHCUPTHHSL
(nepesasicHo y Yonoeixie), anbOyMiHypis i 2eMOOUHAMIYHI PO3NAOU (NEPEBAICHO Y JICIHOK)
dopmyrome 3azanom sminu memabonizmy npu XXH y xeopux na EAI

Introduction

Arterial Hypertension (AH) is a primary risk factor
for cardiovascular disease and global mortality. There is
aclose interrelation between AH and chronic kidney disease
(CKD), as hypertension can lead to declining renal function,
while progressive CKD can exacerbate hypertension [3, 4,
14]. The pathophysiology of AH in CKD is intricate and
involves multiple factors, such as a decreased number of
functioning nephrons, sodium retention, volume expansion,
activation of the sympathetic nervous system, hormonal
influences like the renin-angiotensin-aldosterone system
upregulation, and endothelial dysfunction [7, 12].

Blood pressure (BP) variability in the chronic kidney
disease (CKD) population is significant and requires
close monitoring for appropriate management. With
accumulating evidence, the diagnosis and management
of AH in CKD and vice versa have been evolving over
the last decade. The Kidney Disease: Improving Global
Outcomes (KDIGO) Organization in 2024 upgraded
Clinical Practice Guideline for the Evaluation and
Management of Chronic Kidney Disease [8].

Diabetes Mellitus (DM), other metabolic disorders in
additiontoAH are among the leading causes of kidney damage
worldwide. Essential AH (EAH) and diabetes account for
63 % of all CKD cases [8]. In the American population,
CKD is registered in 23 % of hypertensive patients [22],
in the Italian population — in 42 % likewise [9]. Thus, the
problem of early diagnosis of genetic, cardiometabolic,
and immunological causes of CKD development in EAH
patients in the cardiovascular diseases’ continuum is on
cutting edge and requires further investigation.

Objective

To investigate the metabolic pattern, cholecalciferol,
parathyroid hormone and ionized calcium blood values
in patients with EAH and CKD depending on gender.

Research material and methods

The 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) [1, 12].

The research protocol was approved by the
Bioethics commission at the Bukovinian State Medical
University. 100 patients with Hypertension-mediated
organ damage (IInd stage), 1st-3rd degrees of arterial
blood pressure (BP) elevation, moderate, high, or very
high cardiovascular risk were screened and selected for
the study. The patients 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
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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: anthropometric
(body mass index, (BMI), waist and hip circumference
(WC, HC), waist-to-hip ratio (WHR)), general clinical,
laboratory (general blood and urine tests, urine protein,
fasting plasma glucose, serum creatinine, cystatin-C,
bilirubin, lipid spectrum), instrumental (12-lead ECG,
Echocardiogram, office BP, ultrasound of the kidneys),
as well as consultations of an ophthalmologist and
a neurologist, if necessary. Besides, the level of
ionized calcium was determined in all patients by the
potentiometric method using the blood electrolyte
analyzer SINO 005 (Sinnowa, China). The lipid panel
was studied using colorimetry after serum content of
total cholesterol (TC), triacylglycerols (TG) and high-
density lipoprotein cholesterol (HDL-C). Serum low-
density lipoprotein cholesterol (LDL-C) was estimated
by the Friedewald equation, atherogenicity index (Al) —
according to Klimov’s equation [5, 10, 18, 19, 21].

The parathyroid hormone (PTH) and
cholecalciferol (the total metabolites of 25(OH)
vitamin D) blood concentration were determined by
the immunochemiluminescence method according
to the manufacturer’s instructions using the device
«MAGLUMI 1000 Plus» («SNIBE», China) [20].

CKD was diagnosed in 43 EAH patients according
to the US National Kidney Association recommendations
(KDIGO 2024) [8]. Glomerular filtration rate (GFR)
was calculated using the CKD-EPI equation based on
cystatin-C and creatinine 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) [8].

The statistical analysis was carried out by the
variational statistics 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 distribution).
Differences were considered significant at p<0.05.

Results and Discussion
In EAH patients with CKD (GFR <60 ml/min/1.73m?)
higher systolic and diastolic BP (SBP, DBP) were
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established — 5.98 % (p,=0.012) and 5.57 % (p,=0.007),
mostlyinwomen: SBP—6.34 % (p,=0.008), DBP-5.81 %
(p,=0.013), respectively (Tab.1). Some anthropometric
parameters also prevailed in EAH patients with CKD,
over those without CKD, but only in men: for BMI —
24.67 % (p,=0.003), for WC —14.97 % (p,=0.023). Most

anthropometric data in men with CKD exceed those in
women with CKD. SBP and DBP in practically healthy
subjects of control group, in contrast to patients, are
higher in men than in women —3.76 % (p,,=0.036) and
6.58 % (p,=0.035), as well as WC and WHR —21.96 %
and 20.51 % (p,,<0.001).

Table 1

Some clinical and anthropometric parameters depending on glomerular filtration rate according
to Cystatin-C and gender

Patients (study group), n=100
Parameters Control group, n=60 I —Frr—¢5 ml/min/1.73m2,(n:43y GF§)>60 ml/min/1.73m2, 1=57
BML kg | 25184115 30.96:1.45 p<0.001 31.45£1.38 p<0.001
; M 27,0240 83 35.58+1.43 p<0.001; p,~0.028 | 28.54+0.66 p,~0.003; p,~0.01
SBP, mm Hg 116.3322.36 158.97+4.48 p<0.001 150.03.57 p<0.001; p ~0.012
DBP, mm Hg 76,042,583 98.12£2.80 p<0.001 92.94+1.89 p<0.001; p,=0.007
we o LW 78.7922.03 98.1722.40 p<0.001 100.67£2.97 p<0.001
’ M | 9609224 P_<0.001 | 115.5044.41 p=0.007; p,~0.002 100.46+2.60 p =0.023
Wiy ¥ 0.78+0.02 0.8820.01 p<0.001 0.900.02 p<0.001
’ M | 0.94%0.02 p <0001 1.020.02 P, <0.001 0.97+0.02 p,~0.004

Note. P — probability of data differences with the control group, P, — probability of differences with patients whose
GFR <60 ml/min/1.73m2; Pw — probability of differences between women and men within each subgroup according to
a particular indicator; BMI—body mass index; SBP, DBP— systolic, diastolic blood pressure; WC—waist circumference;

WHR — Waist-to Hip Ratio; W —women; M — men

EAH patients with CKD have a higher blood
creatinine and Cystatin-C values, regardless of gender,
more in men—21.76-26.67 % (p,<0.001), as well as more
massive albuminuria in general — 32.45 % (p=0.02), but
reliably only in women —44.20 % (p=0.004).

The glucose blood concentration is higher in EAH
patients with CKD (GFR <60 ml/min/1.73m2) than

without CKD, but only in men—33.49 % (p,=0.035), and
the content of HDL-C on the contrary is lower—16.81 %
(p,=0.02), which led to an increase in Al in general 13.29 %
(p,=0.055), significantly in men — 35.36 % (p,=0.027).
Most parameters of lipid-carbohydrate metabolism in
patients deviated from reference values and those in
controls (glucose, TG in women, Al and HDL-C) (Tab. 2).

Table 2

Parameters of lipids metabolism and glucose level depending on glomerular filtration rate according to
Cystatin-C and gender

Parameters Control group, Patients after GFR value, n=100
n=60 <60 ml/min/1.73m? n=43 >60 ml/min/1.73m?, n=57
W 5.040.17 7.45+0.85 p=0.005 7.47+0.82 p=0.002
Blood glucose, mmol/l =/ 5.28%0.13 8.65+0.84 p<0.001 6.48+0.45 p—=0.017; p,=0.035

Total cholesterol, mmol/I 5.55+0.22 5.63+0.32 5.64+0.29
Triacylglycerols, mmol/l 1.64+0.17 2.19+0.25 p=0.019 1.87+0.23
.DL-C, mmol/l 3.9540.22 4.18:0.29 417026

W 1.53£0.07 1.28+0.07 p=0.014 1.3120.06 p=0.005

HDL-C., mmol/l 177542009 p_=0.043| 0.99+0.05 p=0.024; p_=0.009 1.19+0.06 p =0.02

AL U 3.18£0.36 3.92+0.38 p=0.04 3.46+0.23 p,~0.055

Note. P — probability of data differences with the control group; P, — probability of differences with patients whose
GFR <60 ml/min/1.73m?; Pw — probability of differences between women and men within each subgroup according to
a particular indicator; W—women; M — men; Al — atherogenicity index

The cholecalciferol concentration in EAH patients
is lower than in the control group, regardless of GFR
values, but reliably only in women — 11.76 % (p=0.022)
and 10.0 % (P=0.048) with higher PTH content mainly
in women —24.61-30.64 % (p<0.046-0.022). The level of
ionized calcium (Ca*") in EAH patients with CKD (GFR
<60 ml/min/1.73m2) is generally marginally lower than
in those without CKD (p=0.05) (Tab. 3).

The kidney performs numerous functions, including
excretory, endocrine, and metabolic roles. GFR is a key
indicator of excretory function and is widely accepted
as the best overall measure of kidney function. GFR
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typically decreases following extensive structural damage
to the kidneys, and most other kidney functions decline
in parallel with GFR in CKD. Metabolic disorders are
pathological conditions where multiple risk factors for
CKD, such as obesity, hypertension, hyperglycemia
and dyslipidemia (characterized by high triglycerides
and low HDL-C), coexist in individuals [2, 15, 25]. The
incidence of metabolic disorders is on the rise as well as
the prevalence of CKD has shown a steady annual increase
in recent years. This trend poses a serious threat to life and
health, imposes economic burdens on society and families,
and diminishes the quality of life for those affected [8, 16].
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Table 3

Parameters of metabolic-hormonal activity and ionized calcium depending on glomerular filtration rate
according to Cystatin-C and gender

Parameters Control Patients (study group), n=100
group, =60 | GFR <60 ml/min/1.73m2 n=43 | GFR >60 ml/min/1.73m?, n=57
Total metabolites of vitamin D, ng/ml 23.86+1.26|  21.69+1.43 p=0.048 2;38%12-225
Parathyroid hormone, pg/ml 57.76+3.48 72.58+7.64 p=0.025 75.46+8.77 p=0.022
Ionized calcium, mmol/l 1.16+0.01 1.16+0.009 1.18+0.007 p=0.052 p,=0.05

Note. P — probability of data differences with the control group, P, — probability of differences with patients whose

GFR <60 ml/min/1.73m’

Xiao H. et al. proved that metabolic syndrome as
its single or combined components are independently
associated with CKD in populations of Southern China
aged 40 years and older, in both non-diabetic and non-
obese subjects [23]. In our study the EAH and CKD
comorbidity also associate with metabolic and electrolyte
changes: higher blood level of bilirubin, creatinine
and Cystatin-C (more in men) — 21.76-26.67 %,
atherogenicity index — 35.36 %, with lower ionized Ca**
and HDL-C - 16.81 %.

Non-communicable diseases and conditions such as
hypertension [11], diabetes [4] or insulin resistance [17],
obesity [6] and dyslipidemia [13] are also risk factors
for CKD [24]. In our study EAH patients with CKD had
higher SBP and DBP (significantly in women) — 6.34 %
and 5.81 % and higher BMI 24.67 %, WC —14.97 % and
glucose —33.49 % as well, than those without CKD.

There are numerous kidney disorders that may
manifest with tubular dysfunction rather than only
a decrease in GFR. These conditions primarily lead
to symptoms such as polyuria, albuminuria, and/or
electrolyte imbalances, and they may or may not
progress to reduced GFR or chronic kidney failure.
Therefore, relying solely on GFR for diagnosing CKD
would not be sufficient. It is crucial to recognize and
utilize various markers that reflect different aspects of
kidney function to obtain a comprehensive diagnosis.
Therefore, in our research we rely upon not exclusively
on GFR in diagnosing CKD, but use albuminuria level
and electrolyte imbalance as well.

Thus, understanding the linkage between metabolic
disorders and CKD, as well as implementing effective
intervention measures to control them, will help alleviate
the burden that chronic diseases affect medical resources
worldwide.

Conclusions

1. In patients with essential arterial hypertension
(EAH), the onset of chronic kidney disease (CKD) is
accompanied by a higher level of blood pressure, mainly
in women — 6.34 % and 5.81 %; higher BMI — 24.67 %
and WC — 14.97 % in men; higher blood concentration of
bilirubin —27.79 %, creatinine and Cystatin-C regardless
of gender (stronger in men) — 21.76-26.67 %, glucose
(more in men) — 33.49 %, with lower level of ionized
Ca?*, HDL cholesterol — 16.81 %, higher atherogenicity
index (reliably in men) — 35.36 %.

2. The presence of CKD in EAH patients is
characterized by more massive albuminuria in general —
32.45 %, but reliably only in women — 44.20 %.
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Prospects for further research

We see the prospects for further research in the study
of metabolic changes in EAH patients taking into account
salt sensitivity / salt resistance and genetic factors.
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