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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Background: Cardiovascular disease (CVD) is characterized
by autonomic nervous system imbalance and chronic low-
grade inflammation, processes reflected by the activity of
blood cholinesterase enzymes—acetylcholinesterase (AChE)
and butyrylcholinesterase (BChE). Given this link, the study
set out to determine whether blood AChE and BChE activities
differ among patients with common cardiovascular conditions
(hypertension, ischemic heart disease, heart failure, and isolated
dyslipidemia) compared to healthy individuals, and whether
these enzymes levels correlate with disease severity or control
status.

Methods: Plasma BChE and erythrocyte AChE activities were
measured in 298 adults (age 30-55 years) between December
2024 and May 2025. The patients were divided to group with
either hypertension (HTN), or with ischemic heart disease
(IHD), or with heart failure (HF), or with isolated dyslipidemia
(DLIP), alongside with 30 healthy controls. Each patient
was further classified as controlled or uncontrolled (based on
achieving guideline blood pressure or disease targets) and as
uncomplicated or complicated (depending on the presence of
co-morbid conditions). Cholinesterase activity was quantified
using an electrometric assay. Group comparisons were
performed with Student’s t-tests, using a significance threshold
of a = 0.05.

Results: Patients with poorly controlled hypertension and
co-morbid complications showed the greatest reductions in
cholinesterase activity: their mean BChE was 1.05 = 0.17 and
AChE 0.92 + 0.12, significantly lower than in healthy controls
(1.16 = 0.14 and 0.98 + 0.01, respectively; p < 0.05). Heart
failure cases had uniformly low enzyme levels regardless of
disease control status, with BChE ranging 0.93-0.98 and AChE
0.83-0.86. In IHD, cholinesterase patterns were heterogeneous:
only the extreme subgroups (those who were controlled without
complications and those uncontrolled with complications)
had activities significantly different from controls, indicating
intermediate values in other IHD patients. In contrast,
individuals with isolated dyslipidemia exhibited elevated
cholinesterase levels (BChE 1.22 + 0.11; AChE 1.08 £ 0.07)
relative to controls. Notably, neither the class of medications
used, polypharmacy (multiple concurrent drugs), nor the
presence of additional co-morbidities had any independent
effect on AChE or BChE levels.

Conclusion: Declining blood cholinesterase activity
correlates with worsening cardiovascular status: it progressively
decreases with poorer control of hypertension and reaches the
lowest levels in heart failure, whereas isolated dyslipidemia
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is associated with higher cholinesterase activity, with THD
patients showing intermediate changes. Routine measurement
of plasma and erythrocyte cholinesterase could thus serve as
a simple, inexpensive indicator of autonomic/inflammatory
stress in CVD and help refine risk stratification if interpreted
in the context of the patient’s lipid profile. Larger prospective
multicenter studies are warranted to validate these findings and
to establish prognostic cutoff values for cholinesterase activity
in cardiovascular risk assessment.

Key words. Acetylcholinesterase,
cardiovascular disease, cholinesterase.

butyrylcholinesterase,

Introduction.

Cardiovascular diseases (CVDs) are the leading global cause
of death, responsible for an estimated 17.9 million deaths
annually, and this toll is projected to rise to 23.6 million by 2030
[1,2]. CVD is a broad term that includes various disorders of the
heart and vascular system. Among its most prevalent forms are
hypertension [3], ischemic heart disease (IHD)—which results
from restricted blood flow to the myocardium—and heart
failure (HF), a condition marked by the heart's inability to pump
sufficient blood to meet metabolic demands [4].

Emerging evidence points to inflammation and oxidative
stress as central contributors to vascular dysfunction in CVD,
exacerbating endothelial damage and atherosclerosis. The
findings from the last 5 years indicate that inflammatory
mechanisms contribute to the pathophysiology of hypertension
[5]. Moreover, the presence of renal and vascular inflammation
may exacerbate oxidative stress and compromise endothelial
function, thereby promoting the progression of atherosclerosis

[6].
The cholinesterase (ChE) enzyme family includes
only two members: acetylcholinesterase (AChE) and

butyrylcholinesterase (BChE). Both enzymes have numerous
physiological functions depending on their localization
and time of expression [7]. Because the parasympathetic
neurotransmitter acetylcholine (ACh) has a very short half-
life and is highly unstable and challenging to measure in the
bloodstream, its homologous hydrolyzing enzymes—AChE
and BChE—can serve as indirect indicators [8]. BChE is the
major ACh-hydrolyzing enzyme in the circulatory system [9].
By breaking down ACh, these enzymes provide a surrogate
measure of parasympathetic function. This method thus offers a
practical alternative to direct ACh measurement.

The cholinergic anti-inflammatory pathway is mediated by
the vagus nerve and ACh, which interacts with the alpha-7
subtype of nicotinic acetylcholine receptor on immune cells to
suppress inflammation. This pathway is closely linked to the
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activity of ChE enzymes [10]. Accumulating evidence suggests
that altered ChE activity may reflect systemic inflammation and
metabolic alterations commonly associated with hypertension
[11], heart failure [12,13], and ischemic heart conditions. These
changes could serve as useful biomarkers for disease diagnosis,
prognosis, and treatment monitoring.

Despite growing interest in ChEs, their clinical utility as
biomarkers for differentiating cardiovascular phenotypes—such
as controlled vs. uncontrolled hypertension, IHD, and HF—
remains underexplored. This study aims to evaluate plasma ChE
activity across different CVD subgroups to explore its potential
diagnostic and prognostic value.

Materials and Methods.

Study design and setting: This cross-sectional study conducted
in Duhok City (Iraq) was approved by The Postgraduate Studies
Committee at the College of Pharmacy-University of Mosul
and the institutional ethics committee of the Duhok Directorate
General of Health approved the study protocol (Reference
number 27112024-10-3). All the patients signed the informed
consent form. the study excluded patients with conditions
associated with decreased levels of ChE, i.e., liver disease
(hepatitis, cirrhosis, and malignancy), malignancies, chronic
renal failure, nephrotic syndrome, and toxic goiter, were
excluded from the study. A total of 298 subjects were enrolled
and subdivided into

L. Hypertension (HTN) Group: This group included 111
patients, further subdivided into four subgroups based on blood
pressure control and the presence or absence of complications:

1. Uncontrolled HTN with complications: 29 patients

2. Controlled HTN with complications: 32 patients

3. Uncontrolled HTN without complications: 25 patients
4. Controlled HTN without complications: 25 patients

II. Ischemic Heart Disease (IHD) Group: This group
consisted of 112 patients, subdivided into

1. Uncontrolled IHD with complications: 25 patients

2. Controlled IHD with complications: 37 patients

3. Controlled IHD without complications: 25 patients
4. Uncontrolled IHD without complications: 25 patients

III.  Heart Failure (HF) Group: Comprised of 50 patients,
divided into

1. Uncontrolled HF with complications: 25 patients

2. Controlled HF with complications: 25 patients

Each patient will be categorized as “controlled” or
“uncontrolled” based on whether their disease indicators (e.g.
blood pressure in hypertension, cardiac biomarkers in IHD
or HF) meet current clinical targets and further classified as
‘uncomplicated’ or ‘complicated’ depending on the presence
of one or more comorbid conditions. In addition to the above,
the isolated dyslipidemia (DLIP) group will be compared to an
apparently healthy control group.

Blood Sampling, Processing, and Storage:

A 5 mL of fasting venous blood sample was collected from
participants by venipuncture with aseptic precautions. The blood
samples were collected in an EDTA tube and centrifuged at
3000 rpm for 10 min. Then the plasma and RBC were separated
and deeply frozen at —20°C until the analysis. Lipid measured
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based on manufacturer instruction with kit supplied by Roche
cobas, (Germany).

Electrometric assay of ChE activity:

The experimental procedure began by creating a reaction
mixture in a 10 ml beaker. This mixture comprised 3 ml of
distilled water, 0.2 ml of either plasma or erythrocytes, and 3
ml of a barbital-phosphate buffer, which had a pH of 8.1 [14].
The initial pH of this prepared mixture (pH1) was recorded
using a pH meter equipped with a glass electrode. Next, 0.1
ml of a 7.5% aqueous acetylcholine solution was added. The
reaction mixture was then incubated at 37°C in a water bath
for 20 minutes. Following incubation, the final pH (pH2) of the
mixture was measured. Enzyme activity was then determined as
the change in pH over 20 minutes (ApH / 20 min.), calculated by
subtracting the ApH of a blank from the observed ApH [15,16].

ChE activity (ApH/20 min.) = (pH1-pH2)-ApH of blank

The blank, which served as a control, was prepared identically
to the reaction mixture but notably lacked the blood aliquot
(plasma or erythrocytes). The barbital-phosphate buffer solution
itself was formulated by dissolving 1.24 g of sodium barbital,
0.163 g of potassium dihydrogen phosphate, and 35.07 g
of sodium chloride in one liter of distilled water, with its pH
meticulously adjusted to 8.1 using 0.5 N HCIL.

Statistical analysis: Data expressed as mean and standard
deviation. Minitabl8 program and sigma plot 12.5 were used to
conduct statistical analysis using ANOVA (One-way analysis of
variance) test with post-hoc Turkey's test to determine significant
group at p value of less than 0.05.

Results.
HTN group:

The hypertension group contained 111 patients hypertensive
patients (controlled, uncontrolled, or complicated). Human
plasma and erythrocyte ChE activity were tested in all of them,
and they were subdivided into four groups based on their clinical
diagnoses (Table 1).

To further differentiate the results and rule out the influence of
other conditions in complicated cases, each complicated subgroup
from Table 1 was subclassified. This subclassification was based on
whether patients had single or multiple complicated diseases, and
their plasma and RBC ChEs levels were then compared with the
control group. This step aims to clarify if these comorbid diseases
affect ChEs levels. Table 2 presents the complicated disease groups,
organized according to the distribution of ChE levels for the mean
of both plasma and RBC ChE.

The results presented in Table 2 indicate that no specific
complicated diseases, whether alone or in combination, affect
both ChE levels. All complicated diseases that demonstrated
significant differences in ChE levels compared to the control
group also showed no significant differences in other cases,
regardless of whether they occurred alone or in combination,
and across both controlled and uncontrolled groups. This
suggests that complicated diseases in hypertensive patients have
no direct effect on ChE levels. Instead, any correlation is solely
with the severity and poor control of hypertension, as previously
noted in Table 1.



IHD Group:

The IHD group contained 112 patients, they included
controlled, uncontrolled, or complicated cases. Human plasma
and erythrocyte ChE activity were also tested in all of them, and
they were subdivided into four groups based on their clinical
diagnoses, as in the HTN group (Table 3).

To account for the potential influence of other conditions in
complicated cases, each complicated subgroup from Table 7
was further broken down. This subclassification considered
whether patients presented with a single complicating disease
or multiple, and their plasma and RBC ChE levels were
subsequently compared to the control group. Much like the HTN
group analysis, this step aims to clarify if these co-occurring
diseases impact ChE levels. Table 4 details these complicated
disease groups, arranged by the distribution of their mean
plasma and RBC ChE levels.

Heart Failure (HF) group:

The HF group includes 50 patients HF patients (controlled,
uncontrolled, with both being complicated). Human plasma
and erythrocyte ChE activity were tested in all of them, and
they were subdivided into two groups based on their clinical
diagnoses (Table 5).

To further refine these results and, as previously done for the
HTN and IHD groups, to account for the potential influence
of other conditions in complicated cases, each complicated
subgroup from Table 5 was further categorized. This
subclassification was determined by whether patients suffered
from a single complicating disease or multiple, and their ChE
levels were subsequently compared against the control group.
Table 6 details these complicated disease groups, arranged
according to the distribution of their mean plasma and RBC
ChE levels.

Dyslipidemia group (DLIP):

Hyperlipidemia (DLIP) is highly related to cardiac diseases,
as both conditions can cause or worsen each other's morbidity.
In many cases, DLIP may be associated with cardiac diseases
without being diagnosed by a physician or known by the
patients. Numerous research papers indicate the association of
dyslipidemia states with the ChE enzyme. Thus, this DLIP group
was initiated to eliminate or cancel the effect of DLIP on ChEs in
all the aforementioned cardiac disease groups (if it existed and
wasn't diagnosed). The DLIP group contained hyperlipidemic

Table 1. Plasma and RBC ChEs levels in hypertensive groups.

Group No of Cases SBP+SD
Coptrolled Hyper.tenswe 25 12449 13
patients uncomplicated

Unf:ontrolled Hypertenswe 25 143£13.07
patients uncomplicated

Coptrolled Hypertenswe 1 1219+ 1315
patients complicated

Uncontrolled Hypertensive 29 147 + 12.49

patients complicated
Control group

patients diagnosed with only hyperlipidemia, without any
complicated or associated diseases. Hyperlipidemia, including
high total cholesterol (TC), high total triglyceride (TG), high
low-density lipoprotein cholesterol (LDL-C), and lowered high-
density lipoprotein cholesterol (HDL-C), all of which may be
present either individually or in various combinations Human
plasma and erythrocyte cholinesterase activity were tested for
this group (Table 7).

To further differentiate the correlations of this group with ChE
levels, the raw results for this group were arranged based on
their ChE ranges and compared with the control group. This
step will also provide a clear understanding of the distributions
of the ChE levels within this group, highlighting their significant
deviations (either above or below) from the control group. Table
8 presents the ranged data according to the distribution of mean
plasma and RBC ChE levels.

Discussion.

In hypertension, the results demonstrated a decrease in
plasma ChEs (BChE) that is less pronounced than the decrease
observed in RBC ChE (AChE). A significant decrease appeared
in the RBCs groups (with the exception of the controlled
uncomplicated group), while the uncontrolled uncomplicated
group was the only group to show a significant decrease
in RBC plasma ChEs compared to the control group. The
complicated, uncontrolled group exhibited the lowest results
in both ChE types. This suggests a correlation between ChEs
activity and the progression of hypertension. Specifically, more
uncontrolled and complicated hypertensive patients will have
lower AChE, while BChE will be less affected. Research by de
Carvalho Correa et al. (2008) indicated a decrease in RBC ChE
in uncomplicated hypertensive patients. Specifically, their study
of 20 hypertensive individuals showed significantly reduced
erythrocyte AChE activity when compared to healthy controls,
suggesting that HTN is associated with impaired peripheral
cholinergic function [17].

However, other studies offer a different perspective.
Tangvarasittichai et al. (2014) reported that elevated BChE
co-occurred with a higher prevalence of HTN in abdominally
obese subjects [18]. Another study similarly described elevated
BChE activity as accompanying arterial HTN and mirroring
an underlying low-grade inflammatory state [18]. Mahmoud
et al. (2013) further supported this in a cross-sectional cohort

A pH/20 min
+
DBP=SD Plasma ChE + SD RBC ChE £+ SD
77.8+£5.79 1.13£0.12 0.97+0.13
94.4 £5.83 1.14+0.16 0.94 + 0.09*
753 £7.25 1.06+0.18 0.93 £0.16*
93.4+6.39 1.05+0.17* 0.92 £0.12%
1.16+0.14 0.98+0.014

Reading repetition frequency = 2-3/sample, ChE values are means + SD. *"Significantly different from the respective control group, P<0.05 using
ANOVA (One-way analysis of variance) test with post-hoc Turkey's test to determine significant group at p value of less than 0.05.
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Table 2. Plasma and RBC ChE controlled and uncontrolled complicated hypertensive patients.

Diseases in the controlled complicated Hypertensive

. A pH/20 min
Diseases NoofCases ) sma ChE  SD Erythrocyte ChE + SD
DM 5 1.1+0.14 0.89 +0.08
DM and hyperlipidemic 2 1.07+0.26 0.86 + 0.06
DM, hyperlipdedmic and IHD 7 1.09+0.11 0.96 +0.22
Hyperlipdedmic 12 1.17+0.17 0.81 +0.06
Hyperlipdedmic and THD 2 0.87 £0.37 * 0.96 +0.01
IHD 4 0.87+0.18 * 0.87 +£0.14
Diseases in the uncontrolled complicated Hypertensive
Drugs No of Cases A pH/20 min

Plasma ChE = SD Erythrocyte ChE + SD

DM 6 1.08 £0.05 0.96 +£0.15
DM and ITHD 4 0.95+0.17 0.93 +£0.05
DM, hyperlipidemic and IHD 6 1.05+£0.15* 0.97 £0.11
Hyperlipidemic 3 1.03 £0.07 0.8+£0.04 *
hyperlipidemic and IHD 8 1.13+£0.16 0.97 £0.15
IHD 2 0.85+0.42 * 0.98+0.1
Control group 1.16 £ 0.14 0.98 +£0.014

Reading repetition frequency = 2-3/sample, ChE values are means + SD
*Significantly different from the respective control group, P<0.05 using ANOVA (One-way analysis of variance) test with post-hoc Turkey's test
to determine significant group at p value of less than 0.05.

Table 3. Plasma and RBC ChEs levels in ischemic heart disease subgroups.

A pH/20 min
Group No of Cases Plasma ChE £ 5D RBC ChE = SD
Controlled IHD patients uncomplicated 25 0.97+£0.11 * 0.93+£0.13 *
Uncontrolled IHD patients uncomplicated 25 1.18+£0.2 1.02+£0.11
Controlled IHD patients complicated 37 1.05+0.17 0.97+0.14
Uncontrolled IHD patients complicated 25 1.02+0.2 * 0.93+£0.2*
Control group 1.16£0.14 0.98+0.014
Reading repetition frequency = 2-3/sample, ChE values are means + SD
*Significantly different from the respective control group, P<0.05 using ANOVA (One-way analysis of variance) test with post-hoc Turkey's
test to determine significant group at p value of less than 0.05.

Table 4. Plasma and RBC ChE mean for controlled and uncontrolled IHD patients.

Diseases in the controlled complicated IHD

. A pH/20 min
Diseases No of Cases Plasma ChE + SD Erythrocyte ChE + SD
DM 4 0.94+0.14 * 0.97 £0.04
DM and HTN 6 1.05 +0.09 098 +0.21
DM and hyperlipidemic 8 1.12+0.14 0.98 +0.11
HTN 4 1.07 £0.20 0.85+0.06 *
hyperlipidemic 4 1.11+0.26 0.97 £0.10
hyperlipidemic and HTN 11 1.01 +0.20 0.99 £0.16
Diseases in the uncontrolled complicated IHD

A pH/20 min

Drugs No of Cases Plzsma ChE + SD Erythrocyte ChE £ SD
DM 7 1.20+0.13 0.98 +0.22
DM and HTN 6 0.96 + 0.08 * 0.93+0.24 *
HF 3 0.63 +0.08 * 1.05+0.14
HTN 6 1.11+0.21 0.95+0.19
hyperlipidemic 3 1.20+ 0.19 0.90 £0.19
Control group 1.16+0.14 0.98+0.014

Reading repetition frequency = 2-3/sample, ChE values are means + SD
*Significantly different from the respective control group, P<0.05 using ANOVA (One-way analysis of variance) test with post-hoc Turkey's
test to determine significant group at p value of less than 0.05.
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Table 5. The subdivision of the HF groups with their plasma and RBC ChEs levels.

Group No of Cases
Controlled HF patients complicated 25
Uncontrolled HF patients complicated 25

Control group

A pH/20 min

Plasma ChE = SD RBC ChE = SD
093+02* 0.86+0.21 *
0.98 +0.18 * 0.83 +0.08 *
1.16 £0.14 098 +0.014

Reading repetition frequency = 2-3/sample, ChE values are means + SD.
"Significantly different from the respective control group, P<0.05 using ANOVA (One-way analysis of variance) test with post-hoc Turkey's test

to determine significant group at p value of less than 0.05.

Table 6. Plasma and RBC ChE for controlled and uncontrolled with complicated HF patients.

Diseases in the controlled complicated HF

Diseases No of Cases
DM 7

DM and HTN 5

DM and hyperlipedmic 6

HTN 7

Diseases in the uncontrolled complicated HF

Drugs No of Cases
DM 6

DM and HTN 7

HTN 9
Hyperlipidemic 3

Control group

A pH/20 min
Plasma ChE = SD
091+02*
0.91+0.27 *
1.02+£0.18
0.95+0.18 *

A pH/20 min
Plasma ChE = SD
0.99 +0.26 *
0.86+0.15 *
1.05+£0.13

0.99 +0.09

1.16 £ 0.14

Reading repetition frequency =2-3 /sample, ChE values are means + SD
*Significantly different from the respective control group, P<0.05 using ANOVA (One-way analysis of variance) test with post-hoc Turkey's test

to determine significant group at p value of less than 0.05.

Table 7. Hypercholesterolemia group with their mean plasma and RBC ChE levels.

Group TC TG LDL-C
Dyslipidemia patients 279 250 150
Control group

ChE values are means + SE

HDL-C No of Cases
38.5 25
25

Erythrocyte ChE + SD
0.76 £0.22 *
0.78+£0.24 *
0.97+0.18

0.97 £0.21

Erythrocyte ChE + SD
0.87+0.1*

0.82+0.06 *

0.88 £0.09 *
0.81+0.11*

0.98 +0.014

A pH/20 min

Plasma ChE +SD RBC ChE +SD
1.22+1.11* 1.08 £0.07 *
1.16 £0.14 0.98 +£0.014

*Significantly different from the respective control group, P<0.05 using ANOVA (One-way analysis of variance) test with post-hoc Turkey's test

to determine significant group at p value of less than 0.05.

Table 8. Distribution of plasma and erythrocyte ChE activity across ranges in dyslipidemia patients.

ChE Range No of Cases Zl:;_;l;focnl:ili =SD
1.0-1.1 4 1.08 £0.02
1.1-1.2 5 1.13+£0.03
1.2-13 10 1.22+0.02 *
1.3-1.5 6 1.38 +0.06 *
Control group 1.16 +0.14

Reading repetition frequency = 2-3 /sample, ChE values are means + SD

Noof  RBC ChE +SD
ChE Range Cases A pH/20 min
0.9-1.0 2 0.98 % 0.00
1.0- 11 14 1.04 +0.03 *
11-12 9 1.13+0.04 *
0.98+0.014

"Significantly different from the respective control group, P<0.05 using ANOVA (One-way analysis of variance) test with post-hoc Turkey's test

to determine significant group at p value of less than 0.05.

of 50 hypertensive patients and 20 normotensive controls,
demonstrating a link between higher BChE activity, blood
pressure status, and increased triglyceride and total cholesterol
levels, reinforcing BChE's role in tracking systemic inflammation
[19]. Expanding on this, Sidhu et al. (2020) observed
significantly higher ChE concentrations in 30 patients with
isolated systolic HTN (ISH) compared to 30 matched controls,
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with a clear stepwise rise in activity corresponding to increasing
high-sensitivity C-reactive protein (hs-CRP) [20]. It is crucial
to consider that these studies, which found elevated ChE levels,
often included participants with additional inflammatory factors
or diseases, such as obesity and hyperlipidemia, which could be
the primary cause of the increased ChE activity.

For further differentiation and a more precise discussion of the



results, each subgroup from Table 1 was subclassified according
to their ChE ranges and the hypertensive drugs used by each
patient in the subclasses. These subclasses were then compared
with the controlled group. This step will provide a clear idea
about the differences in ChEs levels and their numbers within
each group, highlighting their significant deviations from the
control group (either above or below it).

The results indicated that no specific complicated diseases,
whether alone or in combination, affect both ChE levels. All
complicated diseases that demonstrated significant differences
in ChE levels compared to the control group also showed no
significant differences in other cases, regardless of whether they
occurred alone or in combination, and across both controlled
and uncontrolled groups. This suggests that complicated
diseases in hypertensive patients have no direct effect on ChE
levels. Instead, any correlation is solely with the severity and
poor control of hypertension, as previously noted in Table 1.

The THD groups present a different picture compared to the
HTN groups. Here, both the controlled uncomplicated group
and the uncontrolled complicated group exhibited significantly
reduced ChE levels when compared to the control group. This
might primarily indicate that the severity of IHD does not
directly correlate with an increase or decrease in either of the
ChE enzymes. Interestingly, the uncontrolled uncomplicated
group had a mean ChE value higher than the control group,
although this elevation was not statistically significant.

The lower ChE values in the uncontrolled IHD complicated
group are consistent with a study by Shenhar-Tsarfaty et al.
(2020), which observed that participants undergoing angiography
for Acute Coronary Syndrome (ACS) had lower AChE levels
than those with stable angina [21]. A similar trend of low ChE
activity was also evident in the controlled, uncomplicated IHD
group. These results align with Goliasch et al.'s (2012) findings,
where lower serum ChE levels were strongly associated with
long-term outcomes in individuals with established coronary
artery disease (CAD), a link that was even more pronounced in
patients with stable IHD than in those with ACS.

A cross-sectional study by Kocabas et al. (2016) evaluated
BChE levels in a cohort of 85 patients diagnosed with acute
myocardial infarction (AMI). The study determined that
serum BChE levels were statistically significantly lower in
AMI patients (p<0.001). Additionally, a moderate negative
correlation was identified between BChE activity and the
occurrence of AMI (r=—0.363, p<0.001). Receiver Operating
Characteristic (ROC) curve analysis further indicated that
BChE possessed discriminatory power in differentiating AMI
patients from healthy controls, achieving a sensitivity of 51.2%
and a specificity of 84.4% [22].

In contrast to the studies mentioned previously, research by
Mito et al. (2021) involving 559 patients with stable CAD found
that ChE levels significantly influenced myocardial ischemia.
This retrospective study reported that higher ChE levels were
associated with a higher BMI, dyslipidemia, and younger age.
For myocardial ischemia, a ChE level of 286 IU/L yielded a
specificity of 0.599 and a sensitivity of 0.658. Elevated serum
ChE was identified as an independent risk factor for myocardial
ischemia in CAD patients [23].
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The data presented suggest that specific complicated diseases,
whether singularly present or in combination, do not directly
influence both ChE levels. Interestingly, complicated diseases
that exhibited significant differences in ChE levels when
compared to the control group in certain scenarios did not
maintain these significant differences in other cases, irrespective
of whether they appeared alone or in combination, and across
both controlled and uncontrolled patient groups. Analogous
to findings in the HTN group, this implies that complicated
diseases in IHD patients do not have a direct impact on ChE
levels.

Supporting a more nuanced interpretation, Sun (2016)
examined the relationship between BChE activity and cardiac
function in patients with Acute Myocardial Infarction (AMI).
This study revealed that BChE activity was higher in patients
demonstrating better cardiac function, and conversely, low BChE
activity was an independent predictor of mortality. However,
the predictive significance of BChE activity diminished once
cardiac function was factored into the analysis. The authors
therefore propose that the prognostic utility of BChE in AMI
might be tied to its relationship with cardiac function [24].
Consequently, the observed correlation between ChE levels and
[HD may be transient, potentially disappearing once cardiac
function normalizes.

The results revealed a significant decrease in both plasma
ChEs (BChE) and RBC ChE (AChE). This observation presents
a stark contrast to the patterns seen in the HTN and IHD groups,
strongly suggesting a direct correlation between ChE activity
and the progression of HF. While only the uncontrolled HTN
groups showed a significant ChE reduction, which pointed to
disease severity and inadequate management. However, in HF,
even though both sets of groups were complicated, they all showed
significant ChE decreases, regardless of control status. This
evidence strongly associates diminished ChE levels with HF.

These findings are consistent with numerous studies
identifying low ChE as a marker of malnutrition in HF and a
powerful predictor of outcomes. Specifically, low serum ChEs
are recognized as an independent prognostic factor for mortality
[25-29]

The results indicated that no specific complicated diseases,
whether singularly or in combination, directly affect both ChE
levels. Interestingly, complicated diseases that initially showed
significant differences in ChE levels compared to the control
group did not consistently maintain these differences in other
cases, irrespective of their isolated or combined occurrence, or
the patient's controlled or uncontrolled status. This suggests that
complicated diseases in HF patients have no direct impact on
ChE levels.

Instead, any observed correlation is solely with the severity
and poor control of HF. This correlation resembles the pattern
seen in the HTN groups but is more pronounced and stronger
in HF, significantly affecting ChE levels. This differs from the
[HD groups, where no strong correlation with decreased ChE
enzymes was observed.

It is worth noting that the correlation between HF and ChE
levels was more evident than in the HTN groups. This is
supported by the fact that most disease groups in Table 16



showed significant differences from the control group, whereas
in the HTN groups, only a few diseases significantly differed
from the control. This distinction can be attributed to the greater
severity, morbidity, and multi-systemic impact of HF compared
to HTN. These findings align with established mechanistic
links between HF, systemic inflammation, hepatic synthetic
impairment, and autonomic dysfunction, all of which are known
to downregulate ChEs.

Researchers have consistently identified low ChEs as a marker
of malnutrition in HF and a powerful predictor of outcomes. For
instance, studies in chronic HF populations have demonstrated
that low serum ChEs are an independent prognostic factor
for mortality [29]. A 2015 Japanese cohort study showed that
patients whose serum ChE (primarily BChE) experienced
a significant decline had markedly higher all-cause and
cardiac mortality over a median 2-year follow-up, even after
multivariable adjustment [25]. Subsequent larger registries and
multicenter analyses, such as PURSUIT-HFpEF (2020), have
further confirmed the independent prognostic value of low
BChE in both acute and chronic heart failure settings [26].

Furthermore, other research highlights the utility of ChEs
as a biomarker in acute decompensated HF. In acute HF
admissions, serum ChE levels upon admission inversely
correlate with congestion severity and the risk of short-
term adverse outcomes. Patients presenting with notably low
BChE activity tend to face a greater risk of early mortality or
readmission [27]. This corroborates our study's results, where
uncontrolled HF patients were hospitalized due to worsening
HF symptoms, such as ascites and difficulty breathing. This
makes plasma ChEs (BChE) a promising candidate for risk
stratification upon hospital admission for HF, potentially
aiding in the identification of patients who would benefit from
advanced therapies. The underlying reason for this utility could
be that BChE dynamically reflects nutritional and inflammatory
status, which are critical determinants of HF patient survival,
sometimes more effectively than traditional markers [30].

The results showed elevated plasma and RBC ChE activity
compared to the control group. This elevation in both ChEs
contrasts with the results observed in the CVD groups, all of
which showed reduced and significantly reduced ChE levels.
This observed elevation is consistent with many previous
studies. In 2005, a large epidemiological and cross-sectional
investigation revealed positive correlations between BChE
activity and total cholesterol [31]. These observations are
echoed in groups with abdominal obesity [32].

Another study by Stojanov et al. in 2011 investigated the
association of serum BChE activity with risk factors for CAD in
a cross-sectional population of 1512 healthy young individuals
aged 18-25. Results showed higher BChE activity was associated
with total cholesterol [33]. Additionally, according to Vallianou
et al. (2014), the relationship between BChE and lipid levels
was assessed in a cross-sectional study involving 490 healthy
adults as indicators of cardiovascular disease development.
Results showed that total cholesterol was positively associated
with serum BChE activity [34].

The results indicated a significant correlation between
hyperlipidemia and both types of ChEs. Nearly all ChE ranges
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were elevated compared to the control group. It's worth noting
that this elevation contrasts with the reduced ChE levels
observed in all CVD groups. This phenomenon suggests that
the presence of a hyperlipidemic state will cause an elevation
in ChE levels. If ChE levels are already decreased by another
cause (like CVD or other morbidities), and hyperlipidemia
is underlying or associated, it will cause ChE levels to rise,
potentially bringing them near or even above the normal range.
This is clearly visible in the previous complicated groups, where
no significant reduction in ChEs was observed, or levels were
near the control group, whenever hyperlipidemia was present
(alone or with other diseases).

The results of this study indicate a significant reduction in
ChEs with poorly controlled HTN and HF. The relationship
is less clear in IHD. This discrepancy may be attributed to
the disease duration. HTN and HF often involve prolonged
treatment periods, with fluctuating states of control depending
on medication adherence, correct dosages, and patient
coordination. Over these extended periods, the disease can
vary, leading to poor control that affects various bodily systems,
including ChEs. In contrast, periods of uncontrolled or morbid
[HD are typically shorter, thereby reducing their impact on ChEs.
Therefore, further follow-up studies are needed across all cardiac
disease types and stages in different community sections to fully
understand the link between these enzymes and these diseases.

Conclusion.

Circulating cholinesterase (ChE) activity emerged as a
simple, inexpensive indicator of autonomic, inflammatory,
and metabolic stress across common cardiovascular disorders.
Levels fell progressively in poorly controlled hypertension
and were lowest in heart failure, whereas stable ischemic heart
disease showed intermediate, condition-specific variations,
and isolated hyperlipidemia drove ChE upward. Medication
class had no consistent effect. Routine plasma/erythrocyte ChE
measurement—interpreted alongside the lipid profile—could
improve bedside risk evaluation, especially in resource-limited
settings, but confirmation in larger, prospective cohorts is still
needed.
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