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ABSTRACT

This meta-analysis aimed to determine Serum cholinesterase (ChE) activity decreases in COVID-
19 patients. The final selection for the meta-analysis comprised 13 published studies that reported
17 records of serum ChE activity in 1402 patients with COVID-19 compared to 924 cohort
counterparts. The meta-analysis was a randomized effects size model using percentages of mean
(xSD) of serum ChE values of COVID-19 patients vs. their corresponding cohorts. This meta-
analysis of serum ChE indicates that it is significantly reduced in COVID-19, which might be a
valuable prognostic biomarker.
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encompass a variety of biomarkers related
INTRODUCTION to inflammatory responses and damages to

Numerous hematological and blood major organ systems, including the liver,

biochemical tests are utilized to monitor the lungs, heart, kidneys, pancreas, and the

progression of coronavirus disease 2019 immune system [1,3,7]. The specificity of

(COVID-19), which is caused by the biochemical tests in assessing the severity

SARS-COV-2 virus [1-6]. These tests and progression of COVID-19 are still
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under investigation and continuous debate
[3,6-9]. Nevertheless, clinical laboratory
assessments serve as vital biomonitoring
tools, complementing clinical
examinations to evaluate the status of
COVID-19 and ensure optimal care and
therapeutic approach for patients [1-7].

from 2020 to 2024

emphasize the critical role of reduced

Recent studies
serum cholinesterase (ChE) activity in
COVID-19 patients,
prognostic indicator for disease severity

particularly as a

and outcomes [10-22]. This association
underscores the toxic impacts of SARS-
CoV-2 on the cholinergic system, by
the functional

disrupting aspects of

nicotinic and muscarinic cholinergic
receptors as well as the ChE activity during
COVID-19 [21,23-27]. Studies

consistently shown that serum ChE activity

have

is significantly lower in grave COVID-19
cases compared to subjects considered as
control ones or those with mild-to-
moderate disease condition [10,13,20], or
in cases with anemia, cytokine storm and
[12,21,22].

Additionally, patients who did not survive

noninvasive ventilation

had even lower serum ChE activity
compared to those who survived, indicating
an association between low enzyme
activity and mortality risk in COVID-19

patients [11,14-19]. Despite these reports, it
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is also possible that changes in serum ChE

activity might not be feasible statistically in
hospitalized COVID-19 patients under
certain conditions [6,21].

Serum or plasma ChE is known as butyryl
ChE (pseudo ChE; E.C. 3.1.1.8), whereas
the true ChE (acetylcholinesterase; E.C.
3.1.1.7) is found in erythrocytes and
[28-30]. The
synthesizes pseudo ChE, which is released
into the blood [30,31]. In the blood, serum
ChE is

inflammation, liver damage, cardiovascular

neuronal tissues liver

associated with cases of

disorders, protein-energy malnutrition and

in-hospital  mortality  [30-33]. Both
enzymes are reliable and specific
biomarkers of organophosphate and

carbamate pesticides exposures [34-36].
Although previous studies have shown
reduced cholinesterase (ChE) levels in
patients with serious and grave COVID-19
conditions, it is not used as a biomarker
because of the inconsistency in results of a
consolidated analysis. Hence, the present
meta-analysis aimed to determine whether
serum ChE activity decreases in COVID-
19 patients, particularly in the context of
disease severity [10-22] as well in the light
of non-significant statistical changes in the

enzyme activity reported by others [6,21].
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MATERIALS AND METHODS

Study endorsement
The Scientific Review Board of the College

of Pharmacy at the University of Duhok,
Duhok,
approved the present meta-analysis. This

Kurdistan Region, Iraq has
study was based on data obtained from
published literature, and it did not require

any direct contact with COVID-19 patients.

Study duration and location
We initiated the study and meta-analysis on

October 15, 2024, and they continued until
the January 30", 2025 at the Department of
Pharmacology,
University of Duhok, Duhok, Kurdistan

College of Pharmacy,

Region, Irag.

Search strategy
We searched the following data bases for

the existing literature on COVID-19 and
ChE activity: Pubmed, Lit Covid of the
National Library of Medicine, Google
Scholars, Science Direct, Directory of
Open Access Journals and Web of Science
My Research Assistant till January 30,
2025. Searching keywords for COVID-19
and ChE included “cholinesterase activity”,
“serum

cholinesterase”, “plasma

cholinesterase”, “blood cholinesterase”,

(13

“erythrocyte  cholinesterase”,  or
acetylcholinesterase” and “COVID-19”or

“SARS-CoV-2”, with refinements as
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needed to include COVID-19 and

“biomarkers”, “adverse outcome”,

“mortality”, or “clinical laboratory tests”
among others. We also searched the
references of articles chosen for this meta-
analysis. We did not have any language
restriction on searching the literature. All
authors shared in searching the above-

mentioned data bases.

Criteria for inclusion
Studies of the present meta-analysis were

subjected to identification, screening and
inclusion according to the Preferred
Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) [37] (Figure
1). Published reports were included in the
meta-analysis, when the ChE activities in
COVID-19 patients versus (vs.) their
cohorts were presented as means =+
Standard Deviation (SD) or Standard Error
(SE). Using the searching keywords and
literature identification
After additional

search, refinement and screening according

phrases, initial

showed 216 studies.

to criteria set for inclusion and exclusion,
and data extractability, the final ChE
records qualified to be included in the
meta-analysis were 17, which were
extracted from the results (texts, figures or
tables) of 13 studies regardless of the

statistical outcomes (Figure 1, Table 1).
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Criteria for exclusion
Studies that were subjected to exclusion

included those that did not present blood
ChE activities of COVID-19 patients, or
those from which it was not possible to
extract the mean and/or SD/SE. Theses and
dissertations that were eventually published
as scientific articles in journals were
excluded. Any discrepancy in including
and excluding studies, or obtaining ChE
activity values, was resolved by consensus
with the first author FKM.

Extraction of data
All the authors (FKM, GAMR and MAM)

shared in searching the data bases for
COVID-19 and ChE activity as outlined
above. Table 1 presents 17 records of serum
ChE activities (mean + SD) of COVID-19
patients vs. their cohorts, which were
extracted from 13 studies. Studies chosen
for the present meta-analysis have used
different analytical methods, and thus
reported various enzymatic units. To
facilitate the meta-analysis, the serum ChE
activity values of COVID-19 patients were
expressed as percentages of the mean + SD
relative to their respective cohorts mean
values. We also used the online tool Meta-
Accelerator [38] to obtain the mean/SD
values of serum ChE activity from median

and quartile range of values, or from mean
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and ranges according to methods of Wan et

al. [39].

Meta-analysis and statistics

We applied the online tool of meta-analysis
(Meta-Essentials, Version 1.5 of the
Research Institute of

Rotterdam, Netherlands)

Erasmus
Management,
[40] to perform randomized effects size
analysis using percentages of mean + SD of
serum ChE values of COVID-19 patients
vs. their corresponding cohorts (Table 1).
The main meta-analysis output was the
forest plot to estimate the combined effect
size (% serum ChE activity) with 95 %
Confidence Intervals (CI) and % weight of
individual effect sizes. The statistical
analysis supportive of the forest plot
included Z-test at p value of < 0.05 [40,41].
Heterogeneity analysis was assessed by
calculating Higgins’s 1? value (< 25 %=
low, 25 %-50 %= moderate, >75 %= high
level of heterogeneity), and Cochrane Q-
test at a p value of < 0.10 [40-43]. Another
output of the Meta Essentials tool was
analysis of publication bias by the funnel
plot to visually examine effect size against
the SE,

regression

and the quantitative Egger’s
p<0.05 [40,42,44].
Galbraith regression plot is an alternative

test at

output of the Meta Essentials tool [40] for

the assessment of heterogeneity among
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studies [45], as it depicts Z score against

inverse SE to present homogeneity of data
points within the lower and upper limits of

the regression line.

Assessing study quality
Newcastle-Ottawa Scale (NOS) was used

to evaluate the quality of studies chosen for
[46].
reviewers independently scored each study

the present met-analysis Two
according to three categorical criteria of
NOS, namely, the selection (4 stars could
be allocated), comparability (2 stars) and
outcome (3 stars) with a maximum possible
score being nine [46]. The scoring range
was from 0 to 9, with quality assessment
based on the following ratings: 0-2
indicates poor quality; 3-5 represents fair
quality, and 6-9 signifies high quality. Any
discrepancy during the scoring process was
resolved with consensus and discussion.
All reviewers approved final study NOS
scores. NOS scores of the 13 studies were
also evaluated by one-group proportions
meta-analysis using the online software
OpenMetaAanalyst. Additional statistical
analyses such as the median and
interquartile percentages were calculated

by the statistical software Past5.0.2.
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RESULTS

Extraction of serum ChE activity records

According to criteria set for including
studies, the PRISMA flow chart (Figure 1)
outlines the search results of studies that
reported serum ChE of COVID-19 patients
in comparison with their respective cohorts.
Initially, we identified 216 studies, and
after subjecting them carefully to selection
criteria, the final number of ChE records
included for the present meta-analysis was
17; they were extracted from texts, figures
and tables of 13 studies, which were
published between 2020 to end of 2024
(Figure 1, Table 1). These records consisted
of serum ChE activity of COVID-19
patients (n=1402) versus their cohort

counterparts (n=924).

Meta-analysis: Forest plot and statistical
evaluation
Using the random effects model of the

meta-analysis, the forest plot showed that
the combined effect size depicting % serum
ChE activity of COVID-19 patients vs.
their cohorts was 77.21 % (SE=2.48, 95 %
C.1.=71.96, 82.47) (Figure 2). The 22.79 %
reduction in serum ChE activity of COVID-
19 patients was highly significant at a Z

value of 31.15, with a two-tailed p value <
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0.0001. Weights of study records varied

from 2.58 % to 13.08 % (Figure 2).

Analysis of heterogeneity
The data did not show heterogeneity as

shown by the Cochrane Q statistical test

(Q= 3.03, p=1), with corresponding zero

Serum cholinesterase activity in COVID-19
values for heterogeneity indices (12, T2, T).

To this end, we did not conduct subgroup

analysis because of the homogeneity of the

data.

Table 1. Changes reported in serum cholinesterase (ChE) activity among COVID-19 patients

compared to respective cohorts

Authors Code | ChE Cohort/Control | n COVID- | n % of Notes
[reference] activity | ChE 19 ChE respective
unit cohort
(MeanzSD)
Xiang et al. A kU/L 6.611+2204 |20 |5222+ |38 78.990 + Severe vs.
2020 [10] 1.829 27.666 mild
Wang et al. B U/L 7075 £ 1680 63 | 5082+ |37 |71.830% Death vs.
2021 [11] 1566 22.134 survival
Bergamaschi C U/L 6970 + 1995 80 | 5698+ |126 |81.750 Anemic vs.
etal., 2021 2169 31.119 non-anemic
[12]
Nakajimaetal. | D U/L 316.0+140.81 |11 |227.33 |15 | 71940+ Severe Vvs.
2021 [13] +76.88 24.329 mild-
moderate
Zenget. 2021 | E U/L 6886.67 + 357 | 5275.67 | 75 | 76.607 £ Death vs.
[14] 1516.96 + 18.264 discharged
1257.79
Bahlouletal. |F Ul/L 6242 + 1763 49 | 5471+ |47 |87.648+ On
2022 [15] 1723 27.603 admission,
death vs.
survival
Bahlouletal. | G Ul/L 6059 + 1628 49 | 4574+ |47 | 75.491+ Lowest
2022 [15] 1821 30.054 ChE, death
vS. survival
Bahlouletal. | H IU/L 6273 £ 1823 63 | 5138+ |74 |81.907+ Death vs.
2022 [16] 1655 26.383 survival
Bahloul etal. || IU/L 5960 + 2008 63 | 4091+ |74 |68.641+ Nadir ChE,
2022 [16] 1111 18.641 death vs.
survival
Espeteretal.,, |J U/L 2970.67 = 40 |2238.0 |52 |75337% Day 7,
2022 [17] 404.46 * 15.759 patients vs
468.14
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healthy
controls
Sipahioglu et ng/ml 21.9+£19.51 62 | 1523+ |85 |69.543+ Severe
al.2022 [18] 7.77 35.479 pneumonia
vs. mild-
moderate
pneumonia
Markuskova et AmO.D. | 222.7 + 83.1 21 | 1476+ |20 |66.278 Death vs.
al., 2023 [19] 53.9 24.203 discharged
(females)
Markuskova et AmO.D. | 210.4 + 67 25 | 1244+ |33 |59.125+ Death vs.
al., 2023 [19] 53.5 25.428 discharged
(males)
Wang et al., U/L 5820.4 + 55 |4503.8 | 102 |77.380 + Severe Vvs.
2023 [20] 2012.6 + 28.556 non-severe
1662.1
Raouf et al. A 1.10+0.20 50 |116+ |15 | 105455+ | Cytokine
2024 [21] pH/20 0.25 22.727 storm vs
min non-
cytokine
storm
(males)
Raouf et al. A 1.08 £0.23 61 | 092+ |18 |85.185% Cytokine
2024 [21] pH/20 0.23 21.963 storm vs
min non-
cytokine
storm
(females)
Chen et al U/L 5595.33 + 333 | 4645.67 | 96 | 83.028 + NIV
2024 [22] 1882.98 + 24.455 requirement
1368.34 VS. none

NIV= Noninvasive ventilation

When ChE activity was reported as median and quartile range of values, or mean and ranges, the SD was calculated

by using the online tool Meta-Accelerator [38] according to methods of Wan et al. [39].
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| [ dentification |

Screening

Included

Figure 1. Selection of meta-analysis studies on serum cholinesterase activity in COVID-19
patients according to Application of the Preferred Reporting Items for Systematic Reviews and

Serum cholinesterase activity in COVID-19

[ Identification of studies via databases J [ Identification of studies via other methods
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!
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v

Records excluded-
supplemental data:
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analysis: (n=13)

Studies included in meta-

Serum cholinesterase records from
studies included: (n= 17)

]

3

Meta-Analysis (PRISMA).
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Figure 2. Forest plot of serum cholinesterase activities and their weightings in COVID-19
patients. Effect sizes were expressed as percentages of respective cohorts.

Publication bias
Visual inspection of the funnel plot

(Figure 3), which was created using data
points representing SE vs. effect size,
revealed no evidence of publication bias.
Additionally, the subsequent trim-and-fill
analysis did not show imputed points.
which

showed non-significant results (t= 0.28,

Egger’s regression analysis,
p= 0.782), also confirmed the absence of

any publication bias. Further, the
Galbraith regression analysis of Z scores
plotted against their corresponding inverse
SE values revealed that the effect size

points were distributed uniformly (no
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heterogeneity) within the 95% lower and
upper limits of the regression line, with no
outliers (Figure 4). Notably, none of the
points fell below the zero no-effect line

(y=0).

Quiality of studies
The 13 studies were of high quality, as

demonstrated by individual NOS scores
ranging from 6 to 8, with a median score
of 8 and 25 and 75 interquartile values of
8. Furthermore, one-group proportions
meta-analysis of NOS scores of the 13
standardized

studies  produced a

proportion mean (95 % CI) of 0.875
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(0.816, 0.935) with no heterogeneity (Q=
2.443, df=12, p= 0.998; 1>= 0 %) (Figure
5).

DISCUSSION

Among numerous clinical manifestations
of COVID-19, patients have been found to
suffer from hepatic dysfunction [4] with
altered cholinergic anti-inflammatory
pathways [24,26], neuronal complications
[47,48] and potential risks of adverse
neuronal responses to medications [21,49]
and toxicants [50]. The role of butyryl
ChE found in the plasma or serum is well
documented in the context of
biomonitoring exposure to ChE inhibitors
such as organophosphates and carbamates
[29,34-36],

systemic

as well as in assessing

inflammatory responses
involving the CNS, liver, cardiovascular
and endocrine systems [28,30-33]. In the
light of numerous reports indicating
decreased serum ChE activity in patients
with COVID-19 (compiled in Table 1), the
present

ascertains reduced serum ChE (22.79 %)

meta-analysis  reports and
among these patients. It is therefore
conceivable to further ascertain and
support previous studies about the
biomonitoring role of serum ChE as an
added advantage in the assessment of
COVID-19  risks  and

particularly in hospitalized patients [10-

prognosis,

HBB. 9(1): 99-121

108

Serum cholinesterase activity in COVID-19

22]. The observed reduction in serum ChE
activity among COVID-19 patients is
clinically significant and calls for further
investigations.

Notably, reduced serum ChE activity in
COVID-19 identified

clinically as a potential predictor of the

patients  was

severity of the disease and associated
mortality risks in terms of cytokine storm
and multi-organ [10,11,13-
16,19,21]. As an additional support for this

failure

notion, a study has considered a reduction
of 20 % or more in the enzyme activity a
possible risk for poor outcome (death) in
COVID-19 patients with cytokine storm
[21]. Similarly,
activity has been reported in COVID-19

reduced serum ChE

patients  with
[13,18,22], anemia [12], or elevated

markers for inflammation such as C-

severe pneumonia

reactive protein and interleukin-6 [13,19],
particularly in terminally ill patients. This
meta-analysis indicates that a reduction of
approximately 20% in ChE activity could
be a key marker for identifying patients at
a greater risk of COVID-19 illness or
death. These findings are in accordance
with other studies, which have shown that
patients who did not survive COVID-19
lower ChE

compared to those who recovered. Regular

had consistently levels

monitoring of ChE activity could become



Kasim Mohammad et al.

an essential tool for clinicians, helping
them evaluate risk in hospitalized patients,
and prioritize  intensive care for
individuals with critically low enzyme
activity. While studies cited above support
the predictive clinical value of reduced
serum ChE activity, two others have
indicated no changes in the enzyme
activity during COVID-19 [6,21]. One of
these studies did not show significant
statistical changes in serum ChE activity
in COVID-19 patients during admission,
hospitalization, and at discharge as well as
when compared with normal range of
enzyme activity (mean and SD/SE were
not extractable though), but without any
cohorts to compare with [6]. Therefore, his
study was not included in the present

meta-analysis. While, the second study,
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did not find significant statistical change
in serum ChE of male COVID-19 patients,
in contrast to females [21]. Both gender
results were included in the meta-analysis
(Table 1). This discrepancy in serum ChE
activity of COVID-19 patients could be
ascribed among other factors to the
severity of the condition, frequency of
blood sampling, gender of the patient,
comorbidities and duration of
hospitalization. It was striking to note that
the above-mentioned studies did not report
erythrocyte ChE in COVID-19 patients, as
this enzyme mirrors that of the CNS in
response to biological, pharmacological
and toxicological impacts [29,51,52].
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Figure 3. Funnel plot to visualize publication bias of serum cholinesterase activities in COVID-
19 patients.
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Figure 4. Galbraith regression distribution of serum cholinesterase activities in COVID-19
patients.
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Studies Estimate (95% C.I.) Ev/Trt

1 0.667 (0.359, 0.975) 6/9
2 0.778 (0.506, 1.000) 7/9
3 0.889 (0.684, 1.000) 8/9
4 0.889 (0.684, 1.000) 8/9
5 0.889 (0.684, 1.000) 8/9
6 0.889 (0.684, 1.000) 8/9
7 0.889 (0.684, 1.000) 8/9
8 0.889 (0.684, 1.000) 8/9
9 0.889 (0.684, 1.000) 8/9
10 0.889 (0.684, 1.000) 8/9
11 0.889 (0.684, 1.000) 8/9
12 0.889 (0.684, 1.000) 8/9
13 0.889 (0.684, 1.000) 8/9

Overall (1*2=0 % , P=0.998) 0.875 (0.816, 0.935) 101/117

Serum cholinesterase activity in COVID-19
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Figure 5. Forest plot of Newcastle—Ottawa Scale (NOS) scores of 13 studies shown in Table 1,
consecutively, that reported serum cholinesterase activities in COVID-19 patients. NOS scores

6-9 indicate high quality studies.

The present meta-analysis unequivocally
demonstrated reduced serum ChE activity
in COVID-19 patients by analyzing 17
enzyme records of 13 high quality studies
(Figure 2). The study
homogenous as their weight varied only
between 2.58% to 13.08 %
heterogeneity as judged by the statistically

records were

with no

insignificant Cochrane Q test (Q= 3.03,
p=1), and zero values for the heterogeneity
indices 12, T?, and T. This result of no-
heterogeneity nullified the need for further
subgroup analysis [40,44,45]. The present

meta-analysis did not show any publication
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bias as judged by visual inspection of the
funnel plot and by the insignificant Egger’s
regression analysis (t=0.28, p=0.782).
Furthermore, the NOS scoring and the
standardized proportion mean of 0.875 out
of 9 indicated high quality studies. Further
support for this notion, as well as the
homogeneity of serum ChE records, is
depicted by the Galbraith regression
analysis, which indicated that the data
points were homogeneous and contain no
outliers.

The underlying mechanism(s) behind the

reduced serum ChE activity is somewhat
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unclear and requires additional

investigations.  Currently,  suggested
mechanisms of altered ChE activity in
COVID-19 patients include, but are not
limited to, enhanced capillary permeability
seen in hepatitis and septic conditions [14-
20], mediation of ChE

inflammatory biomarkers such as cytokines

inhibition by

and disruption of immune response and
cholinergic anti-inflammatory pathway
[24,30]. The attachment of SARS-CoV-2
spike glycoprotein to nicotinic Acetyl-
Choline (nNAChRs) is an

intriguing mechanism that is

Receptors
under
considerable debate as it needs further
exploration [24,26,53-56]. SARS-CoV-2
spike protein could act as a binding
neurotoxins to nAChR in the neuronal
system [26,53,54,56]. It has been postulated
that the generation of small neurotoxic
peptide (conotoxin) can bind the nAChRs
instead of spike glycoproteins resulting in
reduced serum ChE activity in conjunction
with other systemic clinical changes [53-
55,57]. Mirroring contoxins, a recent study
identified toxin-like peptides in the plasma
and as outputs in the urine and fecal samples
from patients with COVID-19, stressing the
need for further studies on the neurotoxic
potential of these peptides and their
possible connections to

disorders manifested in COVID-19 patients

neurological
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[58]. At a molecular enzymatic level,

challenging the serum ChE activity of
gravely ill COVID-19 patients suffering

from the cytokine storm with the
irreversible ChE inhibiting
organophosphate  dichlorvos  showed

alteration in enzyme inhibition kinetics (e.g.
half-life of inhibition and the inhibition
rate) [21]. Interestingly, viral sepsis that
might also occur has been reported to be
associated with lower butyryl ChE activity
too [59].These findings potentially suggest
possible changes in ChE functional aspects
within the cholinergic neuronal pathways
[24,26] as well as altered response to ChE
inhibiting toxicants [21,50] or drugs used
against dementia [60]. The responses of the
ChE of COVID-19 patients to reversible
ChE

insecticides  or

such as carbamate
CNS

medications are not known at present.

inhibitors

other active

CONCLUSION

The meta-analysis of serum ChE activity in
COVID-19 patients indicates that this
enzyme is  significantly  reduced,
particularly in those with severe outcomes
and poor prognosis. This reduction may
serve as a valuable prognostic biomarker
for assessing COVID-19 severity and

potential risk of death.
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