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Highlights

* Analytical cross-sectional study, Duhok (Dec 2024—May 2025); n=328, age 30-55.

* Groups: T2DM=223 (102 single-drug oral; 121 combination), TIDM=50, dyslipidemia=25,
controls=30.

» Strata: controlled vs uncontrolled (HbA1c=7%) and + complications.

* Assay: modified Michel electrometric pH; plasma BChE & RBC AChE (ApH/20 min).

* T2DM: lower ChE with poor control/complications; AChE drop > BChE.

* TIDM: ChE below controls but not correlated with control.

* Dyslipidemia: higher ChE; lipid status can mask reductions.

* Medications and common comorbidities showed no consistent independent effect.

Background: Diabetes mellitus (especially Type 2 diabetes mellitus (T2DM)) is
characterized by chronic metabolic inflammation and insulin resistance arising
from adipose and hepatic dysfunction. This low-grade inflammatory state drives
disease progression and long-term complications.

A key counter-regulatory mechanism is the vagus nerve-mediated

cholinergic anti-inflammatory pathway, in which acetylcholine (ACh) released
by parasympathetic nerves suppresses pro-inflammatory cytokines. Circulating
cholinesterase enzymes — plasma butyrylcholinesterase (BChE) and erythrocyte
acetylcholinesterase (AChE) — regulate ACh availability and thus link autonomic
tone to immune activation. Because ACh itself is difficult to measure, BChE and
AChE activities have been proposed as surrogate biomarkers of neuroimmune

balance.




Conventional diabetes diagnostics (fasting glucose, OGTT, HbAlc) have
important limitations: glycemic tests require fasting and are affected by acute
stress or mis-handling, while HbAlc has lower diagnostic sensitivity at fixed
thresholds and is unreliable in anemia or altered red-cell turnover. Prior studies
of ChE in diabetes have yielded inconsistent results (some report lower ChE in
T2D, others find higher activity often associated with dyslipidemia), leaving a
gap in understanding. The present study therefore examines whether blood
cholinesterase activity reflects metabolic control and complications in diabetes.
Methods: An analytical cross-sectional study was conducted in Duhok, Iraq (Dec
2024-May 2025) on 328 adults (age 30-55) of both sexes. Participants included
223 patients with T2DM and 50 with TIDM, plus 25 individuals with isolated
dyslipidemia (no diabetes) and 30 healthy controls. The T2DM was subdivided
by therapy type and clinical status: 102 patients on single-drug oral therapy and
121 on combination therapy.

Each group was further stratified into controlled vs uncontrolled glycemic
status (target HbAlc =7% as cutoff) and uncomplicated vs complication-
burdened (presence of any chronic microvascular or macrovascular
complication). The T1DM group (all on insulin) was divided by glycemic control
(no T1DM cases had long-term complications).

Blood samples were obtained from all subjects, and plasma BChE and
erythrocyte AChE activities were measured by a validated modified Michel
electrometric pH assay. ChE activities (ApH/20 min) were compared across
subgroups to assess associations with diabetic status, control, and comorbid
conditions.

Results: Circulating cholinesterase activity varied significantly with diabetic
status. Both plasma BChE and RBC AChE were lower in almost all T2DM

patient groups compared to healthy controls. Reductions were most marked in

poorly controlled and/or complicated T2DM: for example, the uncontrolled

T2DM with complications subgroup exhibited the lowest mean BChE and AChE

v




levels. In every diabetic subgroup, the fall in AChE activity was generally more
pronounced than the decline in BChE. By contrast, the isolated dyslipidemia
group showed significantly elevated ChE levels: both BChE and AChE activities
were higher than in healthy subjects.

Analysis by medication revealed no consistent effect of any specific

diabetes drug or combination on ChE activity. Likewise, most concomitant
conditions (hypertension, ischemic heart disease, etc.) did not independently alter
ChE activity. In type 1 diabetic patients, both BChE and AChE tended to be below
controlled values, but their levels did not correlate with glycemic control,
indicating a weak relationship between ChE activity and T1IDM.
Conclusion: These findings indicate that blood cholinesterase activity —
especially erythrocyte AChE — associates with metabolic control in T2DM and
may serve as a practical adjunct biomarker of disease severity. Lower ChE levels
were associated with poorly controlled and complicated diabetes. In contrast,
coexisting hyperlipidemia tended to raise ChE activity and could mask
underlying reductions in diabetic patients; thus, lipid profiles should be
considered when interpreting results.

Overall, routine measurement of plasma BChE and RBC AChE could

provide an inexpensive, easily obtained indicator of inflammatory/autonomic

imbalance and diabetic risk, supplementing traditional tests. Larger-scale studies
are warranted to confirm these observations and clarify the clinical utility of ChE
assays in diabetes management.

Keywords: type 2 diabetes, type 1 diabetes, cholinesterase,
acetylcholinesterase, butyrylcholinesterase, dyslipidemia, autonomic imbalance,

inflammation
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