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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: Diabetes mellitus is increasing globally,
creating a need for affordable biomarkers to supplement blood
glucose and HbA1C monitoring. Plasma butyrylcholinesterase
(BChE) and erythrocyte acetylcholinesterase (AChE) are
promising candidates because they are easily measured and
have known associations with metabolic disorders. This study
examined whether BChE and AChE activities reflect diabetes
type, glycemic control, chronic complications, and coexisting
dyslipidemia.

Methods: In a cross-sectional study, plasma BChE and
erythrocyte AChE activities were measured using an
electrometric assay in 298 patients: they were divided according
to diagnosed either with type 2 diabetes on monotherapy, or with
type 2 diabetes on combination therapy, or with type 1 diabetes,
and another group with isolated dyslipidemia. Thirty age- and
sex-matched healthy individuals served as controls. Subgroups
were stratified by glycemic control, complication status, therapy
regimen, and comorbid conditions.

Results: Both plasma BChE and erythrocyte AChE activities
were significantly lower in nearly all type 2 diabetes subgroups
compared to controls (p <0.05). The largest reduction in enzyme
levels was observed in patients with poorly controlled type 2
diabetes and chronic complications. The diabetes treatment
regimen (monotherapy versus combination therapy) did not
significantly influence enzyme levels. Concurrent hypertension
was associated with a modest, inconsistent reduction in AChE
activity only. In type 1 diabetes, a significant AChE decrease
was observed only in well-controlled patients, indicating a
weaker relationship between cholinesterase activity and type
1 disease. By contrast, patients with isolated dyslipidemia
showed significantly elevated BChE and AChE levels relative
to controls (p < 0.05).

Conclusion: Declining cholinesterase activity—especially
erythrocyte AChE—parallels worsening glycemic control and
vascular complications in type 2 diabetes, whereas isolated
dyslipidemia is associated with increased cholinesterase
levels. Cholinesterase assays could serve as low-cost adjunct
biomarkers in diabetes management, although prospective
studies are needed to validate their prognostic utility.

Key words. Cholinesterase, dyslipidemia, diabetes mellitus,
hyperglycemia.

Introduction.

Diabetes mellitus (DM) is a range of metabolic conditions
characterized by impaired carbohydrate metabolism, leading
to inadequate utilization of glucose as a source of energy and
excessive production due to dysregulated gluconeogenesis and
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glycogenolysis, leading to hyperglycemia [1]. Conventionally
diabetes is categorized into various clinical types such as type
1 and type 2 diabetes along with other less prevalent forms [2].

What has brought our awareness is the changing face of the
complications of diabetes [3]. As mortality from vascular
diseases has declined, cancer and dementia have become
leading causes of death among people with diabetes mellitus
[4,5]. However, early detection and management of diabetes is
crucial to avoid complications and assist in reducing the risk of
severe health problems [6].

Diabetes can be diagnosed using HbAlc or blood sugar
parameters. The parameters for blood sugar encompass either
the fasting plasma glucose (FPG), or oral glucose tolerance test
(OGTT), orrandom glucose along with traditional manifestations
of hyperglycemia (e.g., frequent urination, excessive thirst, and
unjustified loss of weight) [2].

While these assays of glucose testing are affordable and easily
accessible, their drawbacks may involve a high diurnal variation
of glucose and recommendations for fasting which is somewhat
difficult, or people may give false information about their
fasting state. Additionally, recent physical exertion, sickness, or
sudden stress may influence glucose levels [2]. Glycolysis is a
significant and occasionally neglected issue in glucose testing.
Improper and delayed handling of samples before analysis will
result in inaccurately low glucose values [7].

On the other hand, HbA1c has numerous benefits over FPG
and OGTT, such as enhanced convenience (no need for fasting),
superior preanalytical stability, and less variability with stress,
dietary changes, or sickness. However, it is important to
acknowledge that the sensitivity of HbAlc at the designated
threshold is inferior to that of 2-hour plasma glucose, along with
restricted accessibility in certain regions globally [2].

HbAlc serves as indirect indicator of glucose intake, and
variables influencing hemoglobin levels or red cells turnover
such as thalassemia or folate insufficiency may impact HbAlc
results [8]. HbAlc may not serve as an appropriate analytic tool
for those with anemia, patients managed with erythropoietin
EPO, or those doing blood dialysis or subjects on HIV
medications [1]. So, the need to adopt alternative approaches
is crucial.

The enzyme family of cholinesterase has two thoroughly
related primary types: butyrylcholinesterase (BChE, commonly
referred to as pseudo-cholinesterase) and acetylcholinesterase
(AChE) [9]. AChE possesses an exact and clear role at the site
of synapse and neuromuscular junction, if it quickly resolves
acetylcholine to end the spread of nerve impulses [9,10]. The
role of BChE is, however, less defined. It may substitute for
AChE but resolves some additional chemical substrates and
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serve as a detoxifier, for nerve agents and insecticides [9].

Prior minor researches indicated higher concentrations of
BChE in obese subjects [11-13], and patients having metabolic
syndrome [13,14]. Reports on the correlations between
glycaemia and type 2 diabetes, are conflicting, with some
indicating elevated [15,16], while others indicating diminished
BChE action [14]. Consequently, the exact function of BChE in
systemic glucose metabolism and metabolic disorders remains
ambiguous. Thus, we investigated the correlation between
ChE activity (BChE, AChE) and the glycemic state in a cross-
sectional study involving different groups of diabetic patients
to seek whether ChE enzymes can be a potential biomarker in
the diagnosis of diabetes mellitus and its related causes and
complications.

Materials and Methods.

Study design: This study employed an analytical observational
design done from December 2024 to May 2025 using a cross-
sectional approach and was conducted in Duhok City, Iraq. The
population comprised of patients, both male and female, aged
between 30-55 years, diagnosed with diabetes who attended the
Azadi Teaching Hospital/Diabetic Center. The study protocol,
with reference number 27112024-10-4, was authorized by the
Duhok Directorate General of Health's institutional ethical
committee and the College of Pharmacy's Postgraduate Studies
Committee at the University of Mosul. The informed consent
form was signed by each patient.

Patients with conditions associated with any unrelated
diseases like liver, renal, nervous, muscular, bone diseases or
even malignancies or pregnancies and smoking or alcoholic
patients were excluded from the study. Additionally, any
patients with a known history of exposure to ChE inhibitors
(drugs or insecticides) or with any situation known to affect the
ChE enzymes were also excluded.

Diabetic patients are defined as either having a documented
history of diabetes or meeting any of the American Diabetes
Association (ADA) laboratory criteria at the study visit [2].

American Diabetes Association criteria include a fasting
plasma glucose (FPG) level > 126 mg/dL after at least 8 hours
without caloric intake; a 2-hour plasma glucose level > 200
mg/dL during a 75-g oral glucose tolerance test (OGTT); a
hemoglobin A1Clevel >6.5%, measured empoloying atechnique
accredited by the National Glycohemoglobin Standardization
Program (NGSP) as a traceable to the Diabetes Control and
Complications Trial (DCCT) standardized assay; or a random
plasma glucose concentration > 200 mg/dL accompanied by
traditional manifestations of hyperglycemia [2].

In the absence of unequivocal hyperglycemia, the diagnosis
must be confirmed by a repeat abnormal result from the same or
a different test on a separate day [2].

Blood samples were drawn from a resting, seated participant
by trained phlebotomists. FPG specimens were placed on ice
and processed promptly to minimize glycolysis. HbA1c analysis
was carried out in a CLIA-certified laboratory. The participant’s
final glycemic status was calculated as the mean of at least two
concordant abnormal values obtained on the same day.

The study involved 273 diabetic patients (controlled,
uncontrolled, complicated, or uncomplicated), The activity

203

of cholinesterase in human plasma and erythrocyte was
investigated in all of them and they were divided into three
major groups based on their clinical diagnoses.

Group A: This group included 102 diabetic type 2 patients on
mono-diabetic therapy, further subdivided into four subgroups
based on glucose level control and the presence of complications:

. Controlled type 2 diabetes without complications: 25
patients

. Uncontrolled type 2 diabetes without complications:25
patients

. Controlled type 2 diabetes with complications: 26
patients

. Uncontrolled type 2 diabetes with complications: 26
patients

Group B: This group included 121 diabetic type 2 patients
on multiple diabetic therapy and again subdivided into four
subgroups based on glucose level control and the presence of
complications:

. Controlled diabetic type 2 patients on multiple therapy
without complications: 26 patients

. Uncontrolled diabetic type 2 patients on multiple
therapy without complications: 32 patients

. Controlled diabetic type 2 patients on multiple therapy
with complications: 30 patients

. Uncontrolled diabetic type 2 patients on multiple
therapy with complications: 33 patients

Group C: This group included 50 diabetic type 1 patients and
subdivided into two subgroups based on glucose level control
and the presence of complications:

. Controlled diabetic type 1 patient without
complications: 26 patients
. Uncontrolled diabetic type 1 patient without

complications: 24 patients

In addition to the above-mentioned groups, and as they have a
high association with cardiac diseases, a fourth group, which is
a hyperlipidemia group, is considered. This final group included
25 patients diagnosed based on serum lipid profile analysis
to have hyperlipidemia alone without any further related or
associated complications. Hyperlipidemia, including high
total cholesterol (TC), high total triglyceride (TG), high low-
density lipoprotein cholesterol (LDL-C), lowered high-density
lipoprotein cholesterol (HDL-C) all of which may be present
either individually or in various combinations [17,18].

The control group included 30 healthy individuals (age range
30-55 years) and their history was free of DM or dyslipidemia
or exposure to anti-ChE insecticides or drugs. None of the
subjects in the control group were taking any pharmacological
therapy or were suffering from any diseases.

Blood samples: Blood specimens were obtained in 5 ml
EDTA tubes and subsequently centrifugated at 3000 rpm for 15
min. The red cells and plasma were stored separately at -20 °C
in preparation for ChE testing. The reminder of the specimen
was utilized for the other assays such as lipid panel test and
others as indicated for each case.

ChE activity assessment: The revised electrometric technique
used to test activity of ChE was validated in humans [19,20].
Three milliliters of distilled water, 0.2 milliliters of plasma or



red blood cells, and three milliliters of pH 8.1 barbital phosphate
buffer made up the reaction mixture in a 10-milliliter beaker
[21].

Utilizing a PH-meter, the pH of the mixture (pH1) was
determined, subsequently 0.1 ml of (7.5%) an aqueous solution
of acetylthicholine was introduced into reaction mixture which
was then transferred to water bath to be incubated at 37°C for
twenty minutes. Then (pH2) which is the -PH of reaction mixture
at end of incubation- was assessed. The following formula was
used to determine the enzyme activity:

Activity of cholinesterase (ApH/twenty minutes) = (pHI-
pH2)-blank ApH

The blank included no RBC or plasma sample. The buffer
system comprises 1.24 g sodium barbital, 0.163g potassium
dihydrogen phosphate, and 35.07g NaCl went in solution of
1000 ml distilled water [19,20]. Using 1N HCL, the buffer's pH
was brought down to 8.1.

Biochemical parameters: TC, TG, and HDL measured based
on manufacturer instructions using kits supplied by Biolabo
kit (France). LDL were calculated by standard equation. FSG
measured by Biocon company (Germany) and Hb A1lc measured
by Stanbio (USA) kit.

Statistical analysis: Data expressed as mean and standard
deviation. Minitab18 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.

The level of ChE in T2D-treated with monotherapy:

Uncontrolled uncomplicated T2DM patients have significantly
(p<0.05) higher plasma ChE (1.06 = 0.16) than controlled
uncomplicated patients (1.06 + 0.16). However, in uncontrolled
patients, complications significantly lower plasma ChE (1.08
+ 0.15). Only the uncontrolled T2DM uncomplicated group is
not significantly different from healthy controls (1.16 £+ 0.14).
All other diabetic groups (controlled uncomplicated, controlled
complicated, uncontrolled complicated) have significantly
lower plasma ChE activity than the control group (Table 1).

The control group has the highest RBC ChE (0.98 + 0.014)
activity compared to all diabetic subgroups. All four T2DM
patient groups were not significantly different from each other
but are all significantly lower than the control group (Table 1).

Diseases in the controlled complicated T2D-treated with
monotherapy:

Plasma ChE results using ANOVA revealed significant (p
< 0.001) differences, indicating that the disease presentation
has a significant effect on Plasma ChE levels. Post-hoc test
demonstrated that dyslipidemia subgroup has the lowest
level (0.99+0.17) and CABG + dyslipidemia subgroup is not
significantly different from it (1.01+0.05). The CABG+D
and ITHD groups were not significantly different. The THD
+ Dyslipidemia subgroup has the highest mean among
patient groups (1.1140.14). The control group (1.16+0.14) is
significantly higher than all patient groups (Table 2).

The ANOVA resulted in significant (p < 0.001) differences
between groups, indicating that the disease presentation has a
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significant effect on RBC ChE levels. Post-hoc test revealed
that hypertension and hypertension + dyslipidemia subgroups
have the lowest RBC ChE activity compared to all other groups.
The ischemic heart disease, dyslipidemia, control group, ihd
+ dyslipidemia, and cabg + dyslipidemia subgroups were not
significantly different from each other (Table 2).

Diseases in the uncontrolled complicated T2DM:

ANOVA revealed significant difference (p <0.001), indicating
that the disease presentation has a significant effect on Plasma
ChE levels in uncontrolled patients. Post-hoc test revealed that
IHD + hypertension + dyslipidemia and dyslipidemia subgroups
have the lowest plasma ChE activity. They are significantly
(p<0.05) lower than all other groups. The IHD+Hypertension
+Dyslipidemia is significantly different from the control. The
ischemic heart disease subgroup has intermediate activity,
significantly different from other groups. The hypertension,
hypertension + dyslipidemia, and control group are not
significantly different from each other (Table 2).

ANOVA yield significant result (p < 0.001), indicating
that the disease presentation has a significant effect on RBC
ChE levels. Post-hoc analysis test likely showed that the
hypertension + dyslipidemia subgroup has the lowest RBC
ChE activity (0.80+0.03). The hypertension subgroup is not
significantly different from the hypertension + dyslipidemia
group (0.80+0.03). IHD subgroup forms a distinct group. The
IHD+ hypertension+ dyslipidemia group is not significantly
different. The dyslipidemia subgroup has the highest activity
among patients (0.94+0.08). The control group (0.98+0.014) is
significantly higher than all patient groups (Table 2).

Type 2 Diabetic on multiple (T2DP) therapy group:

Plasma ChE, ANOVA yield significant result (p < 0.05),
indicating that the patient group has a significant effect on
Plasma ChE levels. Post-hoc test revealed that controlled
T2D groups (both complicated and uncomplicated) and the
uncontrolled uncomplicated group have the lowest plasma ChE
activity and they are significantly lower than the control group.
The uncontrolled T2D complicated group has intermediate
activity. It is not significantly different from the uncontrolled
uncomplicated group but is also not significantly different from
the control. The control group has the highest activity (1.16 +
0.14) (Table 3).

RBC ChE, ANOVA yield significant result (p < 0.001),
indicating that the patient group has a significant effect on
RBC ChE levels. Post-hoc test revealed that the uncontrolled
uncomplicated, controlled complicated, and uncontrolled
complicated groups have the lowest RBC ChE activity. They
are significantly lower than the control group and the controlled
uncomplicated group. The controlled uncomplicated group has
intermediate activity. It is significantly lower than the control
(0.98 £ 0.014) (Table 3).

The level of ChE in T2D-treated with multiple therapy:

Plasma ChE levels: The ANOVA yield significant result (p <
0.05), indicating that the type of complication has a significant
effect on Plasma ChE levels. The Dyslipidemia subgroup (Mean
= 0.80) has significantly lower Plasma ChE activity than all
other complication subgroups (p < 0.05). There is no significant



Table 1. Plasma and RBC ChEs levels in T2DM subgroups using monotherapy.

Group No of Cases FBS HBAlc A pH/20 min

Range range Plasma ChE + SD Erythrocyte ChE + SD
Controlled T2DM uncomplicated 25 93-117 5.2-6.9 1.06 £ 0.16b 0.91+0.18b
Uncontrolled T2DM 25 134-293 7.5-12.5 1.18+0.22a 0.93+0.19b
uncomplicated
Controlled T2DM complicated 26 87-121 4.9-7 1.08 £ 0.15b 0.88+0.12b
Uncontrolled T2DM complicated 26 133-338 7.2-9 1.05+0.16b 0.87+0.11b
Control group 1.16 £ 0.14a 0.98 £0.014a

ChE values are expressed as means + SD, n=3/sample

with post-hoc Turkey's test.

Similar letters indicates non-significant differences while different letters indicates significantly difference at p<0.05 using one way ANOVA

Table 2. Plasma and RBC ChE mean for controlled and uncontrolled complicated T2DM patients using monotherapy.

Diseases in the controlled complicated T2DM

. A pH/20 min
Diseases Noof Cases sma ChE£SD Erythrocyte ChE+SD
Hypertension 6 1.07 = 0.09b 0.86 +0.10b
Hypertension + Dyslipidemia 8 1.10£0.11b,c 0.84 + 0.09b
Ischemic Heart Disease + Dyslipidemia 5 1.11 £0.14c 0.97+0.11a
Ischemic Heart Disease 2 1.09 £0.1b,c 0.94 +0.06a
Dyslipidemia 2 0.99+0.17a 0.97 +0.16a
Coronary Artery Bypass Grafting + Dyslipidemia 3 1.01 £ 0.05a,b 0.99 + 0.06a
Control group 1.16 £ 0.14d 0.98 £ 0.014a
Diseases in the uncontrolled complicated T2DM

. A pH/20 min
Diseases Noof Cases ) sma ChESD Erythrocyte ChE£SD
Dyslipidemia 7 0.90 +0.13a 0.94 +0.08¢
Ischemic Heart Disease + Hypertension + Dyslipidemia 4 0.87+0.12a 0.91+0.12b,c
Ischemic Heart Disease 4 0.99+0.11b 0.89 + 0.06b
Hypertension + Dyslipidemia 2 1.11 +0.06¢c 0.80 +0.03a
Hypertension 9 1.08 + 0.09¢ 0.86 +0.1a,b
Control group 1.16 £0.14c 0.98 £0.014d

ChE values are expressed as means +SD, n=3/sample

with post-hoc Turkey's test.

Similar letters indicates non-significant differences while different letters indicates significantly difference at p<0.05 using one way ANOVA

Table 3. Plasma and RBC ChEs levels in the T2DP subgroups using multiple therapy.

Grou No of Cases FBS HBAIlc A pH/20 min

P Range range Plasma ChE + SD Erythrocyte ChE + SD
Controlled T2D on multi therapy ¢ 97-118 5.7-7 1.03+0.15a 0.93+0.15b
uncomplicated
Uncontrolled T2D on multi therapy 158-347 7.5-16 1.05 £ 0.23ab 0.76 + 0.2a
uncomplicated
Controlled T2D on multi therapy 5, 96-109 5.4-7 1.01 +0.23a 0.8+0.19a
complicated
Uncontrolled T2D on multi therapy 148-336 7513 1.1+£027b 0.84+0.16ab
complicated
Control group 1.16 £ 0.14c 0.98 £ 0.014c¢

ChE values are expressed as means +SD, n=3/sample

with post-hoc Turkey's test.

Similar letters indicates non-significant differences while different letters indicates significantly difference at p<0.05 using one way ANOVA
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Table 4. Plasma and RBC ChE for controlled and uncontrolled complicated T2DP patients using multiple therapy.

Diseases in the controlled complicated T2D

. A pH/20 min
Diseases No of Cases Plasma ChE % SD Erythrocyte ChE % SD
Hypertension + Dyslipidemia 12 1.08 £ 0.14a 0.79+0.12b
Hypertension 7 0.99+0.11a 0.89+0.1a
Dyslipidemia 4 0.8+0.21b 0.9+0.07a
Ischemic Heart Disease + Dyslipidemia 4 1.02+0.17a 0.9 +£0.09a
Ische'rn'lc H<'3art Disease + Hypertension + 097+ 0.08a 0.8+ 0.09b
Dyslipidemia
Diseases in the uncontrolled complicated T2D

A pH/20 min

Drugs No of Cases PlZsma ChE % SD Erythrocyte ChE + SD
Ischemic Heart Disease 3 1.18+0.17a 0.8+0.1b
Hypertension 9 1.18 £0.1a 0.76 £ 0.13b
Hypertension + Dyslipidemia 8 1.07 £ 0.07a 0.87+0.1b
Dyslipidemia 8 0.92+0.28 0.81+£0.18b
Ische'rn'lc Hc?art Disease + Hypertension + 5 0784015 079+ 0.12b
Dyslipidemia
Control group 1.16 £0.14 0.98 +0.014a

ChE values are expressed as means +SD, n=3

post-hoc Turkey's test.

/sample

Similar letters indicates non-significant difference, while different letters indicates significant difference at p<0.05 using one way ANOVA with

Table 5. Plasma and RBC ChEs levels in the T1D subgroups.

Grou No of Cases FBS HBAIc A pH/20 min

P range range Plasma ChE = SD Erythrocyte ChE + SD
Controlled TID 26 80-113 5-6.5 1.04 +0.15b 0.90 +0.13b
uncomplicated
Uncontrolled TID 24 138-363 75-13.4 1.07 £ 0.20b 0.95+0.17b
uncomplicated
Control group 1.16 £ 0.14a 0.98 +£0.014a

ChE values are expressed as means +SD, n=3

with post-hoc Turkey's test.

/sample

Similar letters indicates non-significant differences while different letters indicates significantly difference at p<0.05 using one way ANOVA

Table 6. Dyslipidemia group with their mean plasma and RBC ChE levels.

TC TG A pH/20 min
Group LDL-C HDL-C No of Cases Plasma ChE < SD RBC ChE £ SD
Dyslipidemia patients 279 250 150 38.5 25 1.22+0.11a 1.08 £0.07a
Control group 25 1.16+ 0.14b 0.98 £ 0.014b

ChE values are expressed as means £SD, n=3/sample
Similar letters indicates non-significant differences while different letters indicates significantly difference at p<0.05 using t-test.

Table 7. Distribution of plasma and erythrocyte ChE activity across ranges in dyslipidemia patients.

ChE Range No of Cases Zl:i{l?;ocr:i];:] +SD ChE Range No of Cases AR];;-:I /g(l)l Ifn?;SD

1.0-1.1 4 1.08 = 0.02b 09-1.0 2 0.98 £0.001b

1.1-12 5 1.13£0.03b 1.0-1.1 14 1.04 £ 0.03a

1.2-13 10 1.22 +£0.02a 1.1-1.2 9 1.13 £ 0.04a

13-15 6 1.38 £ 0.06a

Control group 1.16 £ 0.14b 0.98 +0.014b

ChE values are expressed as means +SD, n=3/sample

Similar letters indicates non-significant differences while different letters indicates significantly difference at p<0.05 using one way ANOVA
with post-hoc Turkey's test.
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difference in plasma ChE among the other four complication
subgroups.

The ANOVA yield significant result (p < 0.05), indicating
that the type of complication has a significant effect on
RBC ChE levels. Post-hoc Tukey's test. The subgroups
hypertension + dyslipidemia (0.79) and IHD + hypertension
+ dyslipidemia (0.80) have the lowest RBC ChE activity and
were not significantly different from each other. The subgroups
hypertension alone (0.89), IHD + dyslipidemia (0.90), and
dyslipidemia alone (0.90) all have significantly higher RBC
ChE activity than the groups.

Uncontrolled complicated T2D:

Plasma ChE, only the IHD + Hypertension + Dyslipidemia
group is significantly lower than the control group (p < 0.001).
The Dyslipidemia, Hypertension + Dyslipidemia, Hypertension,
and Ischemic Heart Disease groups are not statistically different
from the healthy control group (p > 0.05). RBC ChE, the control
group (0.98) is significantly higher than all patient groups.

Type 1 Diabetic (T1DM) group:

Plasma ChE: The ANOVA revealed a significant overall effect
(p < 0.05). The post-hoc Tukey's test showed that both T1D
groups (controlled and uncontrolled) have significantly lower
plasma ChE levels than the healthy control group. There is no
significant difference in plasma ChE between the controlled and
uncontrolled T1D groups.

RBC ChE: The ANOVA revealed a significant overall effect (p
<0.05). The pattern is the same as for plasma ChE: the post-hoc
test showed that both T1D groups have significantly lower RBC
ChE levels than the control group, while there is no significant
difference between the two diabetic groups (Table 5).

The independent samples t-test analysis reveals two key
findings:

Elevated Enzyme Activity: Patients with dyslipidemia exhibit
significantly elevated levels of both plasma and erythrocyte
cholinesterase compared to healthy controls.

Systemic Effect: The fact that both types of ChE are affected
suggests that dyslipidemia may be associated with a systemic
alteration in cholinesterase metabolism or regulation, rather
than an effect confined to one specific compartment (e.g., just
plasma or just red blood cells) (Table 6).

The statistical analysis reveals a clear and significant trend in
plasma ChE:

There is a highly significant overall difference in plasma
ChE activity among the defined ranges and the control group
(ANOVA, p <0.05).

Post-hoc analysis confirms that patients in the lowest ChE
activity range (1.0-1.1) have significantly reduced plasma
cholinesterase levels compared to:

Patients in all higher ChE activity ranges (1.1-1.2, 1.2-1.3, and
1.3-1.5) and the control group.

This suggests that a specific subset of dyslipidemia patients
with very low plasma ChE activity (A pH/20 min between 1.0
and 1.1). The control group's activity, while significantly higher
than the lowest group, shows greater variability (larger standard
deviation, SD=0.14) (Table 7).
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The statistical analysis reveals a clear and specific finding in
RBC ChE:

There is a significant overall difference in RBC ChE activity
among the groups (One-Way ANOVA, p <0.05).

Post-hoc testing shows that dyslipidemia patients with higher
RBC ChE activity (ChE Range, 1.0 - 1.1 and 1.1 - 1.2) have
significantly elevated enzyme levels compared to those in the
lowest range (ChE Range, 0.9 - 1.0).

The most critical finding is that the RBC ChE activity in the
lowest patient group (0.9-1.0) is statistically indistinguishable
from the control group (0.98). This suggests that for erythrocyte
ChE, the disease state (dyslipidemia) alone does not cause a
uniform depression of enzyme activity. Instead, only a subset
of patients exhibits significantly altered (in this case, higher)
levels (Table 7).

Discussion.

The results demonstrated a significant decrease in both plasma
ChE (BChE) and RBC ChE (AChE), except plasma ChE in
the uncontrolled uncomplicated T2DM group. Although a
decrease was observed in BChE, it was less pronounced than the
significant decrease observed in AChE when compared to the
control group. The complicated uncontrolled group exhibited
the lowest results for both ChE types. This suggests a correlation
between ChE activity and the progression of T2D. This aligns
with a study conducted by Abed Hussein et al. in 2024 [22],
which concluded that AChE activity is significantly decreased
in patients with type 2 diabetes compared to healthy individuals.
They associated this reduction with diabetic complications such
as autonomic neuropathy, which can impair the function of
enzymes involved in neurotransmission.

An important study by Markowicz-Piasecka et al. in 2017
demonstrated that metformin can inhibit AChE in vitro with
moderate potency (ICse = 2.35 pmol/mL) and shows low
activity against BChE, indicating a degree of selectivity for
AChE. Moreover, modified sulfonamide prodrugs of metformin
exhibited significantly stronger and more selective inhibition
of ChEs, particularly BChE, at nanomolar concentrations.
These findings suggest that biguanides like metformin may
have a neuroprotective role in diabetic patients by mitigating
cholinergic dysfunction through ChE inhibition [23].

The results indicated that only hypertension, either alone or
in combination with other diseases, affects the RBC ChE level
to a significant degree in the controlled complicated patients.
However, when hypertension is combined with dyslipidemia
and ischemic heart disease in the uncontrolled group, it does
not show such an effect. This suggests a low correlation, which
may be related to diabetic control in these patients. The other
complicated diseases, whether alone or in combination, do not
affect both ChE levels across both controlled and uncontrolled
groups. This suggests that complicated diseases in diabetic
patients have no direct effect on ChE levels (with the possible
exception of hypertension's effect on RBC ChE, which may
warrant further investigation). Instead, any correlation is solely
with the severity and poor control of diabetes.

The results in demonstrated a comparable picture to the T2DM
group, showing a significant decrease in both plasma ChE (BChE)



and RBC ChE (AChE) in all subgroups. Here, too, the decrease in
BChE is less pronounced than the significant decrease observed
in AChE compared to the control group. The uncomplicated
controlled group exhibited the lowest significant decrease in
ChE levels. This may also suggest a correlation between ChE
activity and the progression of T2DM. Specifically, more
uncontrolled and complicated diabetic patients will have lower
AChE and BChE. This aligns with a study conducted in 2021,
which tested the effects of both metformin and glibenclamide
(in combination) on AChE, BChE, and liver biochemical profile
activities in two groups of type 2 DM patients (with and without
nonalcoholic fatty liver disease). The activity of both enzymes
(AChE & BChE) in both clusters 1 and 2 was notably decreased
and was more pronounced in cluster 2 compared to cluster 1 and
the control [24].

The results for the T2DP groups present a contrasting
picture compared to the T2DM groups. Here, hypertension,
whether alone or in combination with other diseases, does
not consistently affect ChE levels across all cases (showing
variability). This suggests a low correlation with ChE levels.
Furthermore, the data indicates that other complicated diseases,
whether alone or in combination, do not affect both ChE levels
across both controlled and uncontrolled groups. This suggests
that complicated diseases in diabetic patients have no direct
effect on ChE levels. Instead, any correlation is solely with the
severity and poor control of diabetes, as previously noted in the
T2DM groups.

The results revealed a significant decrease in RBC ChE (AChE)
only in the controlled uncomplicated T1DM subgroup. This
observation presents a stark contrast to the patterns seen in both
T2DM and T2DP groups, suggesting a low correlation between
ChE activity and TIDM. This might be related to the controlled
diabetic state of the patients in this group, as their life patterns,
including insulin doses, are managed from the early stages of
the disease, leading to a controlled and manipulated diabetic
state. Although the uncontrolled group shows a decrease in ChE
levels, it is not to a significant level.

Hyperlipidemia (DLIP) is highly related to diabetes, as both
conditions can cause or worsen each other's morbidity. In many
cases, DLIP may be associated with diabetes without being
diagnosed by a physician or known by the patients. Numerous
research papers indicate the association of dyslipidemic states
with the ChE enzyme [25-27].

The results revealed elevated plasma and RBC ChE activity
compared to the control group. This elevation in both ChEs
contrasts with the results observed in the diabetic groups, all
of which showed reduced and significantly reduced ChE levels.
This observed elevation is consistent with many previous
studies. In 2015, a large epidemiological and cross-sectional
investigation revealed positive correlations between BChE
activity and total cholesterol, LDL-C, and triglycerides, as well
as inverse associations with HDL-C. These observations are
echoed in groups with abdominal obesity [28].

Another study by Stojanov et al. in 2011 investigated the
association of serum BChE activity with risk factors for
cardiovascular disease in a cross-sectional population of
1512 healthy young individuals aged 18-25. Results showed
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higher BChE activity was associated with triglycerides, total
cholesterol, and LDL-C in males [29].

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
LDL-cholesterol, total cholesterol, and triglycerides were
positively associated with serum BChE activity, and abnormal
BMI or waist circumference being the most important predictors
[30].

Another study was conducted in Thailand by Tangvarasittichai
et al. (2015) to investigate the association between abdominal
obesity and elevated serum BChE activity and changes in
the serum lipid profile. The study involved 642 women aged
over 40 years, with 500 having abdominal obesity and 142
non-abdominally obese women as the control group. Results
showed that women with abdominal obesity had significantly
higher BMI, BP, glucose, LDL-C, triglycerides, and BChE, and
significantly lower HDL-C [28].

The results indicated a significant correlation between
hyperlipidemia and both types of ChEs. Nearly all ChE ranges
were elevated compared to the control group. It's worth noting
that this elevation contrasts with the reduced ChE levels
observed in all diabetic 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 diabetes 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 diabetic
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).

In contrast, to the above results, other studies present a
modulated picture. ChE activity was assessed in patients with
DM, hypertension, and DM/hypertension in a study conducted
in 2006 by Inacio Lunkes et al. ChE activity was considerably
lower in the control group than in the DM and hypertensive
DM groups. Both the DM and DM/hypertensive groups had
higher blood glucose levels. They concluded that in diabetic
individuals, there is a correlation between increased serum
ChEs and vascular problems, which may be triggered by levels
of glycemia and dyslipidemia [16].

Another research, by Rao et al. in 2007, declared that subjects
having T 2 DM have increased BChE and AChE activities in
their plasma and RBCs. They suggested that measuring these
enzymes can help predict prognosis and response to management
in T 2 DM. Additionally, their plasma levels may be accurate
indicators of low-grade systemic inflammation [31].

Furthermore, an elevated serum BChE was found to be
independently associated with an increased risk of developing
type 2 diabetes in a prospective cohort study conducted in 2014
that included 8,470 Japanese men aged between 40-55 years
who did not have type 2 diabetes at baseline [32].

In parallel to the above, Mushtaq et al. (2014) showed that
higher levels of AChE and BChE are found in people with type
2 DM. Specifically, BChE activity is elevated in both type 1 and



type 2 DM. They declared that BChE may contribute to type
2 DM by causing insulin resistance and increasing lipoprotein
synthesis [33]. However, case-control comparative research in
2019 tested patient plasma and red blood cells ChE level in five
groups of diabetic patients with different levels of DM. Results
showed that BChE and diabetes were related, while no such
relation with AChE. Dyslipidemia also affected both types of
ChE enzymes. Inadequately controlled DM and dyslipidemia
may increase both kinds of ChE enzymes, but less than
dyslipidemia alone [27].

Another study conducted in 2022 examined the correlation
between glutathione peroxidase (GPX) activity, BChE level,
fasting serum glucose (FSG), and Lipoic acid synthetase
(LIAS) levels in type 2 DM subjects[33]. Results showed higher
FSG and HbAIlc levels in diabetics, lower GPX activity, and
increased BChE concentration compared to control. In contrast,
LIAS level in the control was insignificantly elevated compared
to patients with diabetes. The study concluded that HbAlc,
FSG, LIAS, BChE, and GPX are valuable biomarkers for
disease monitoring and ought to be utilized in standard clinical
diagnostic processes to assess patient clinical conditions [34].

There is a controversy between the results of this cross-
sectional study and other conducted studies regarding the
elevation or reduction of ChE enzymes as a potential biomarker
for DM. The results of this study indicate a significant reduction
of the ChEs with the bad control or bad morbidity state of the
DM, while in contrast, others find the same correlated results
but in an elevation of the ChEs. Therefore, further follow-up
studies across all DM disease types and stages in different
community sections will be needed. These proposed additional
studies are required to fully understand the link between these
enzymes and DM.

Conclusion.

This study shows that plasma BChE and red-cell AChE
both fall as type 2 diabetes progresses irrespective of therapy.
Red-cell AChE is the more sensitive marker, dropping the
most in those with the poorest metabolic control. In type 1
diabetes, this trend is absent, and people with isolated high
lipid levels have higher enzyme values. Therefore, clinicians
must consider disease type and lipid profile when interpreting
cholinesterase results. Our findings indicate that cholinesterase
testing may enhance regular assessments of glucose, HbAlc,
and lipid profiles to more effectively evaluate metabolic stress
and cardiovascular risk in type 2 diabetes. Because this study
cannot prove cause and effect and earlier research sometimes
shows opposite results, larger and multi-center investigations
employing standardized methodologies are required to validate
its prognostic significance.
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