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To the Editor,

Measurements of serum cholinesterase (CHE, also called
pseudocholinesterase) catalytic concentrations are pri-
marily used as a test of liver function and, less frequently,
as an indicator of possible organic phosphorous insecticide
poisoning in agriculture or organic chemical industry
workers [1]. Preoperative screening of CHE activity has
been also advocated to identify individuals bearing genetic
causes of enzyme deficiency in whom some muscle
relaxant drugs, such as suxamethonium, administrated to
aid in endotracheal intubation in surgery, may not be
hydrolysed by CHE rapidly enough and cause apnea by a
prolonged paralysis of respiratorymuscles [1]. Historically,
many methods were proposed to measure CHE, using
different acyl(thio)choline esters as substrates [2]. At pre-
sent, however, all the most popular automated measuring
systems use butyrylthiocholine for determining the CHE
activity as this substrate provides the best reproducibility.
To check the quality of CHEmeasurements it is essential to
correctly define analytical performance specifications
(APS). In 2014, the Strategic Conference organized by the
European Federation of Clinical Chemistry and Laboratory
Medicine (EFLM) proposed models for establishing APS,
recommending that the choice of the most appropriate
model for a specific measurand should be based on its

biological and clinical characteristics [3]. Allocation of CHE
to the correctmodel to derive APS can be however not easy.
Although this enzyme surely plays a role in monitoring the
clinical conditions mentioned above, the measurand has
not a defined role in the decision making of a specific dis-
ease and test results are not interpreted through estab-
lished decision limits, so that outcome-based APS cannot
be defined. On the other hand, its exact biological role is
unknown, and this might be a limitation for applying the
model based on biological variation (BV). As CHE
demonstrated rather stable concentrations in healthy in-
dividuals, it appears however rational to use the BV model
to derive APS [4]. This requires the availability of reliable
BVdata. Unfortunately, all the available studies evaluating
CHE BV suffered important limitations, among those the
collection of serial samples in enrolled individuals at a
variable time distance, the derivation of the within-subject
BV (CVI) without subtracting analytical variation, the
analysis of samples in different batches without consid-
ering the between-run analytical variation, or the wrong
inclusion of the CHE seasonal variation in CVI estimate.
Table 1 summarizes the drawbacks of each published study
evaluated on the basis of the compliance with the EFLM
critical appraisal checklist quality items (BIVAC-QI) [5].
Maybe for these major limitations, the EFLM BV database
(https://biologicalvariation.eu/) does not include CHE in
the list of evaluated measurands. Therefore, we decided to
perform a study assessing BV components of CHE catalytic
concentration by adopting an accurately designed experi-
mental protocol in accordance with previous remmenda-
tions for the BV data production [6].

We employed frozen (−80 °C) serum samples from 35
apparently healthy Caucasian volunteers (13 men, 12 pre-,
and 10 post-menopausal women; ages 19–62 years) ob-
tained for a previous BV study [7]. CHE activity in serum is
stable for several years if stored at temperature lower
than −20 °C [1]. All sample donors were free of any evident
disease, had no history of chronic disease, and did not
receive any medication, including hormonal contracep-
tives if women, previously shown to decrease CHE [8, 9].
Other criteria for inclusion were that the subjects should be
within 80–120% of ideal body weight and maintain their
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usual lifestyle throughout the study. None of the subjects
consumed substantial (>10 g of ethanol/day) quantities of
alcohol or were smokers. We collected a total of four venous
blood samples from each of study participants on the same
day, everyweek for four consecutiveweeks.All blood samples
were obtained by standard venipuncture using a 20-G straight
needle between 07:30 and 10:00 a.m. from seated subjects,
whohad fastedovernight andhadnot exercised thatmorning.
Blood draw was performed by the same skilled phlebotomist
withminimal stasisdirectly into4mLvacuumcollection tubes
with no anticoagulant and polymer gel for serum separation
(Becton Dickinson Vacutainer, ref. no. 369032). Serum speci-
mens were obtained by centrifugation and immediately ali-
quoted and stored at −80 °C until assayed. For measuring
CHE, all specimens were thawed, mixed, centrifuged, and
then analysed in a single run in duplicate in randomorder. To
further minimizing analytical variation, a single analyst per-
formed all measurements using a single lot of reagents. CHE
activity was measured on the Alinity c platform (Abbott Di-
agnostics) by theproprietary kit (reagent codeno.G91804R02;
calibrator code no. G91855R02) using butyrylthiocholine as
substrate for CHE and a colorimetric principle in which the
thiocholine formed reduces yellow hexacyanoferrate(III) to
colourless hexacyanoferrate(II) and the decrease of absor-
bance at 405 nm is directly proportional to the CHE activity
in the sample. All measurements were performed according
to the manufacturer’s instructions, after checking the sys-
tem alignment by using Alinity c Clinical Chemistry Control 1
and 2. The CVI and between-subject BV (CVG), with
corresponding 95% confidence intervals (CI), were calculated
using CV-ANOVA and standard ANOVA, respectively [10].
Outlier identification and homogeneity assessment were per-
formed for replicates andwithin-subject variances byCochran

test. The steady-state situation of the enrolled population was
verified by calculating the regression of the mean of the 70
duplicate analyses fromeveryblooddrawing versus the blood
drawing number. Subject population is considered in steady
state if the 95% CI of the slope of the regression equation
included zero [11]. The Shapiro-Wilk test was applied sepa-
rately to the set of normalized residuals for each individual
and to subject means to check data distribution and validate
the normality hypothesis. Student’s unpaired t-test and F-test
were used to compare CHE means and within-subject vari-
ances between groups, respectively.

The study involved a collection of 140 samples, each
assayed in duplicate yielding 280 analytical results. No
outliers among observations (Cochran’s test value, 0.10)
and within-subject variances (Cochran’s test value, 0.19)
were identified, showing data homogeneity. As the 95% CI
of the slope of the regression equation included zero
(−0.152 to 0.082), we confirmed that all enrolled subjects
were in steady-state condition. The Shapiro-Wilk test
accepted the hypothesis of normality (with p>0.05) for the
distribution of most within-subject CHE values (i.e., 91%).
Normal distribution was also confirmed for subject means
(p=0.249). Supplemental Figure shows the individual
mean and absolute range of CHE in evaluated subjects and
Table 2 displays the derived results, including APS derived
from BV data. As widely known [8, 9], CHE activity was
significantly higher in men than in women, both in pre-
(p=0.0001) and in post-menopause (p=0.026). In addition,
in women CHE activity tended to increase in post-
menopause (p=0.053 vs. pre-menopause). This sex and
hormonal dependent differences were absent when CVI

were considered (for all comparison between groups,
p≥0.23). The gene on chromosome 3 controlling the

Table : Mean values, estimated average analytical (CVA), within-subject (CVI) and between-subject (CVG) variability components, indices and
analytical performance specifications derived from biological variation data for serum cholinesterase (CHE) activity in this study.

Group, n Total
number of
samples

Mean CHE,
kU/L (% CI)

CVA
a, % CVI, %

(% CI)
CVG, %

(% CI)
IIb RCV for

increasing/
decreasing
valuesc, %

nd Analytical performance
specifications

Standard
measurement
uncertaintye,%

Allowable
biasf, %

M D M D

All ()  . (.–.) . . (.–.) . (.–.) . +./−.  ≤. ≤. ≤. ≤.
Men ()  . (.–.) . (.–.) . (.–.)
PreM ()  . (.–.) . (.–.) . (.–.)
PostM ()  . (.–.) . (.–.) . (.–.)

CI, confidence interval; II, indexof individuality; RCV, reference change value; n, number of blood specimens that shouldbe collected to estimate
the homeostatic set point of an individual within ±%; M, minimum quality level; D, desirable quality level; PreM, pre-menopausal women;
PostM, post-menopausal women. aFrom duplicatemeasurements of subject samples. bCalculated as (CVI+A/CVG).

cCalculated by ln-RCVmethod
according to Røraas et al. [] as % (exp (±Z 

/ (CV
LnA + CV

LnI)
/) − ), where Z is . (probability level %) and CVLn refers to ln-

transformed data = (ln(+CV))/. dCalculated as [. (CVA
 + CVI

)/D] where D is . eCalculated as . CVI (minimum) and . CVI
(desirable). fCalculated as . (CVI

 + CVG
). (minimum) and . (CVI

 + CVG
). (desirable).
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synthesis of CHE can exist in many allelic forms that may
influence the enzyme concentrations in blood [1]. This
translates in a high biological individuality with a low in-
dex of individuality (0.18), indicating that conventional
population-based reference intervals have little use in CHE
interpretation. It is better to rely on longitudinal interpre-
tation of the individual CHE variation: indeed, serial
measurements of CHE have been promoted as an indica-
tion of prognosis in patients with liver failure and for
monitoring liver function after liver transplantation [1]. By
applying this approach, a reference change value of 10.4%
(for increasing CHE values) and −9.4% (for decreasing
values) can be employed.

Research funding: None declared.
Author contributions:All authorshaveaccepted responsibility
for the entire content of this manuscript and approved its
submission.
Competing interests: Authors state no conflict of interest.
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