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Highlights:

* Cross-sectional (Dec 2024—May 2025), Duhok, n=298 + 30 controls.

» Measured RBC AChE and plasma BChE (electrometric assay).

* HTN & HF: lower ChE with worse control/complications; strongest in HF.
 [HD: mixed pattern—does not consistently track severity.

* Isolated dyslipidemia: higher ChE; lipid status can mask CVD-related reductions.
* Medications showed no consistent effect on ChE levels.

Background: Hypertension (HTN), ischemic heart diseases (IHDs),
and heart failure (HF) are prevalent cardiovascular diseases (CVDs) where
better biomarkers of disease control and severity are needed. Many studies
corelate the autonomic imbalance and inflammation to CVD. Conventional
measures (e.g. blood pressure logs, troponin, natriuretic peptides) have
limitations in reflecting long-term control. Circulating cholinesterase—
plasma butyrylcholinesterase (BChE) and erythrocyte acetylcholinesterase
(AChE)-regulate acetylcholine in the cholinergic anti-inflammatory

pathway and thus indirectly reflect parasympathetic activity. Acetylcholine

itself is hard to measure; using its hydrolytic enzymes as surrogates may

provide a practical biomarker. Prior evidence hinted at associations




between low ChE and worse outcomes in CVD, yet it remained unclear
whether ChE levels differ in well-controlled versus uncontrolled disease or
with common comorbidities. This study aimed to determine if blood ChE
activity correlates with medications, disease severity and comorbid
conditions in HTN, IHDs, and HF.

Methods: A cross-sectional observational study was conducted in
Duhok, Iraq (Dec 2024—May 2025). The study comprised 298 patients (age
30-55) with diagnoses of HTN (n=111), IHD (n=112), HF (n=50), or
isolated dyslipidemia (n=25), along with a 30 healthy control group.
Patients were subdivided by disease control status (controlled vs
uncontrolled) and by complications (presence of major related
comorbidities such as diabetes or hyperlipidemia, etc.). Plasma BChE and
RBC ACHhE activities were measured using an electrometric assay. Fasting
lipid profiles were also measured in the dyslipidemia group. ChE levels in
each subgroup were compared with those of controls, and statistical
significance was assessed (p<0.05).

Results: Circulating ChE activity was found to vary with disease
severity. In hypertension, patients with poorly controlled or complication-
burdened HTN had the lowest ChE levels. Notably, the uncontrolled-HTN-
with-complications subgroup showed the greatest ChE reductions,
indicating that more uncontrolled and complicated cases have significantly
lower ChE activity. HF patients exhibited an even stronger pattern: both
“well-controlled” and uncontrolled HF complicated groups, showed
significantly depressed plasma and RBC ChE compared to controls. This

underscoring a robust association between lower ChE and HF

presence/severity. In [HD, the pattern was less uniform. While both stable

[HD patients (controlled, no complications) and those with uncontrolled
[HD plus complications had significantly reduced ChE relative to controls,

the uncontrolled IHD patients without complications did not show a

v




decrease. This suggests that ChEs levels do not consistently track IHD
severity or control of the IHD. In contrast to the CVD groups, patients with
isolated hyperlipidemia showed elevated ChE activity, a reverse trend that
stands apart from the reductions seen in HTN, IHD, and HF. Furthermore,
no consistent effect of medications was observed on ChE levels. Across
HTN, ITHD, and HF groups, the presence or absence of common therapies
did not show a systematic relationship to ChE activity, indicating that the
enzyme changes were likely driven by disease status rather than
pharmacological effects or complication.

Conclusion: The findings support circulating ChE activity as a
potential affordable, easily obtainable biomarker candidate of disease
severity and autonomic imbalance in CVD (except IHD). The reduced ChE
levels may reflect worse CVD status. Importantly, a hyperlipidemic state
tended to raise ChE activity, which could mask underlying reductions
caused by CVD unless lipid levels are considered. These results highlight
ChE as possible adjunct biomarkers for both CVD and hyperlipidemia.

Keywords: cholinesterase, acetylcholinesterase, butyrylcholinesterase,

cardiovascular disease, hypertension, heart failure, ischemic heart disease,

dyslipidemia




Gloadl 456

el i)y Mol adal 5135
Jua gall dasla

Al LS

Ay gadl) A ) g Bl (o) jaY (g g i3aS Gy iaad (ol gSI) g 3 Jalis
gz Al yal) LgtldoLiaa g Lol 9

e sal) el / Alygecll 6
Al 3 il 5ol Lo pumal) e o ¢ S

) J8 e

(V)T s gy 4 IS)

i yall

2e Lsall MEY) ae Lol Sl
dgana jlall A daaf 3 Ald daas caa
A ana sl of ) 583 sVl ple Aol )5S

YoYo s VEEY A



"

duadAll

GAlil) (5 a5 i) A1 e Aatlil Glil) (yal yol 5 al Jnbn S 51 (g JS S
Al Jmdl 4y o 5 alagl o 3l A g adlil) dile 5l AE il Y1 (1
A 3ga g N bl Hall e panll 50l LS Al g0 agiy G pall e 3 jlard)
ol ¥ skl (b Gl s @ P el Slead) o))l QAN o
il g (i g0 9 Sl g aal) akaim s i) Aol el o e Aile 5l) Al
e 2 Ash s jhadl e o a8 A gane e b (a0 geall 304])
o2 all

Joodisdl a8 Aliddlaall 8 Aglaidl i pieid Sl culay 351 a6
3% — el eall aall iy S 51 il o i) s 35 La Ol B ) il S
oS @l g iU aliaall S bl (s ) o€ Jind) 30le a6 aga
4013 058 ) el (O L g g2l sl ol Jlead) Lalii s yalie 2 5 ) sam
By Glee Ugn 15850 e 3 JilaS allas ) cila 5331 aladind b cana Sl
ot gl Fanm po bty ) i oI Ul e alissl ) ) A Aol s
iy siosal) @l CulS 13 b pudal ) e e Ja el pay Aile ol Al ol Y|
Sl il 1) Ll dlgale vl e ellig ia Lle andl YA calias
O3 Lo amant ) Al jall ol chdaa c@lly e 2l daili dualias Gl ol 392 g
Yl 8 dalias CYNe) 3 ga gry o all 3oy Jagi y aall 8 3 i I Ll
pfi () ALYl il L g a5 5il) AT (e Aailil) Q) Gl yal 5 aall Jasia ¢ L )
Ny ) ine e 25300 (i 5

(& phall

e Bl JOA 3 all/ Sean dbne B dpaa ) A jaliee Al 3 ¢l ja) &
O b slael = sl 5t ey e YAA Al all calad Yo Yo Ul IV YaYE Y o 5ils
gLk Llan Uiy 5e 1)) JUIS Gapddill coua (e j5a dale 005 Y



Uy e 00 g ey g ill A8 (e AUl il il jaly Uy 3o YV Y 5 ¢ pall
Cuianzl (@l ) ALYl Tl aall Cliaadida b (e O gilay Uay e YO 5 ¢ R L4y
Ll Kadld ¥ e A8l g Aalica de gaaa 4l )

o2l e 3kl (5 slue o 2l due ji Cle e (] (i all ppli o
apy o Bl ANy o(lgle Dl e GV Jle Ll lanie <)
by ol oSl Jie Ay daliae c¥Me) ) (el ddagi pe Cliclias
Sl 5 Lo 32U (8 ) piasid 5€ a5 sl o 53] JaLi i (La s 5 el lpen
i 8 G (Al Sl (ull) 45y yha aladdnly o) jeadl aall Gl S A 51 piaad S
b o LSl oS g Jlans ) Adlia) 223 A580 Yo (g0 o A geall As Byl
o shne iy 58 (@l any aall Gl b ji de sene sl dpaluall () spall Sl gl
el & e 5 ddalall de ganall A Ll sluasdie Jhde sana JS 8 5l i I
Aglas) Y2 3 v, v e e YT (p) Allaiay!

gl

& .oaall 3l g cldhy aall 8 ) i <ULl of i) o el
S50 el Al i SN s ol CulS aall dakaa gl e
Rl S Mg dalias Clicliae agal Al (sl e il 3 kgl
adll Jaxazm g8 51 ia e Of «lld (e a5 o) pandl il HSI A g 3 8 ea Y
Clysine & clalaany) W) 1y ekl cliclias sy ae ade Shadl e
Jasi 35 1823 SV 93 pawadl e U ASY) VWD G ) e Laa )t <1
) oieid K1 Il (4 s gale aléaily

Loa b ) €A gy ST ) inid &I aliddl aed S o) J38 am ye B
) (sl paall by SN A sl L3l e ) ) i oS3 Lol 8 0 alial
o QlEl QA8 ey s Lo Shaal) Allal) (550 QA A8 i e (e S
b el mea (sl dalias (al al 2535 as) ade Sl



cen el cailgll iy Aailiall de ganall g 4Rl el y ¢(Ripml) o3a
e bl Ala e lail) iy ) il <U Ilas 8 Waliail ) J38 i e
RN (38 35 g ey ) i) oS (aldsll (G 558 Jalidi ) 3 g 5 2S5 Laa ¢ la
A A g

O al il Bl J81 Jaadl) (S 388 45 i) 418 e Al i) (yzal yal 8 Wl
ol S5 (Dliebins (y505 Lale sl agilla) Co i) QYL oy
b Qe Lalisil | glas 38 Cliebimay ssadl g e hadll e (m jall (553
5 YN QB m yall b Aadbiall Ao panally A jlia ) i (I U i
OIS Jy ¢ SY (alinl gl |5 pekay ol Clieliae (e Gl Y ) agele )
pie aa) dailiall de ganall (5 siua (o Sl ef agaal 51 il 6<U (5 gl o gia
il sise O ) b jady (Aiban ) ANV (5 i N alall 5l 128 J s
Aan ol Agy i) AB (e AUl QSN yal jel Bkl IS5y 5 Y ) i S
Bagine (sSE B ) 138l )i SN ABe o Jin Lea cagle 5 jlal

83 e Alas aall Cilpenid o i () sibiaall aia gall jedal cclld e (agill e
il i lliad T axll Cilan i da Ao gana cuilS a8 ) it (SN L L )
de genal) (o Jagale JS5 el o) peall i S o5 LoDl 8 51 il 1) (g
adll Jnin g i)} e gana b A salall CiLialiaid pSlae olal 5 5 cddaliall
Rl (L3 5 o Y1 Bl i s

(o8 i S0 il gise e Bl 1580 4 903 o iy ol eelld e 3530
3 ol ecnlil) Qg Ay i) A8 e AUl Syl el g ) dasa gLl Cle gana
Uy Ol pals g chiall Claila Jie) 4l ciladladl dgas ae 5l 25
D e S Tl b Aalaiie (338 I (U ey el 88 A0l 5 eclislind)
e oals Lemsd (m pall Alls e Ble Aaal o 531 138 8 il sl of ) ey 138

Al gall eyt



CHAPTER FIVE APPENDIX
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UNIVERSITY OF DUHOK

DUHOK POLYTECHNIC UNIVERSITY

Ministry of Health University of Duhok Duhok Polytechnic
Duhok Directorate General of Health University

Form B1: Approval of Research Ethics Committee

8) Participants shall be fully informed by the researcher(s) about all evidence-based diagnostic protocols and shall
be given the full right to choose among these alternatives.

9) Neither participants nor Duhok Directorate General of Health shall bear the responsibility for any costs incurred
due to this research.

10) The researcher(s) shall make it clear to the participants that neither Duhok Directorate General of Health nor
members of this research committee is legally and ethically responsible for any adverse event as a result of
involvement of participants in this research. The researcher(s) is/are responsible for the legal claims that may
arise from the conduct of this research.

11) Participants shall be given the right to know the summary of the study results.

12) Confidentiality of the data shall be secured.

13) The r&se#rcher(s) shall not, at any time or circumstance, disclose any information or comment on the studied
clients or public health facilities irrelevant to the proposed research to any person, company, institution, or entity.
This non-disclosure condition also includes social media, newspapers, blogs, and other verbal and non-verbal
media communication means. ~ B : i

14) Any change in the study methods needs prior approval from the Research Ethics Committee. N

15) It is recommended that the researcher(s) share a soft copy of the published results of the research with the
Division of Scientific Research — Department of Planning, Duhok Directorate General of Health.

16) This approval supposes that the researcher(s) has not yet started the stage of implementation of data collection.
According to this letter, the researcher(s) are allowed to begin the process of data collection from the date of this

approval.

3

Dr. Ayad Ahmad Mohammed urad Khugeda
Member _Member
l.%‘ I
Dr. Iman Yousef Abdulmalek Dr. Fahad Abdulwahab Jamil
ember \
an majed
Member

Address:
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Duhok Directorate General of Health — Kurdistan Region of Iraq Website: www.duhokhealth.org
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