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Abstract
Introduction Butyrylcholinesterase (BChE), an important biomarker of exposure to anticholinesterases, varies its activity 
according to the intensity and duration of exposure to these agents. Their normal values may vary in different populations. 
It is important to determine the reference values for the local population, mostly black/brown.
Objective The objective was to investigate the baseline values of BChE activity in a sample of the Salvador city population 
(Bahia, Brazil), evaluating the sociodemographic characteristics.
Method A descriptive, quantitative study with a cross-sectional approach was carried out in 304 voluntary and healthy 
blood donors. BChE activity was determined using the integrated chemical system Dimension RxLMax and analyses of 
sociodemographic characteristics were performed.
Results For the 304 participants (18 to 67 years old), BChE activity values range were 7.4 to 19.8 U/mL (male) and 6.0 to 
19.6 U/mL (female), without significant inter-racial differences (p = 0.986; Mann–Whitney). The participates were predomi-
nantly black (44.7%) and brown (40.5%), with higher levels of BchE activity in males (64.8%) (p-value = 0.01) than females 
(35.2%). There was no relationship between alcohol use and lower BChE activity (p = 0.725, Mann–Whitney). Women using 
hormonal contraceptives had a median activity 9.2% lower than the non-users.
Conclusion Despite the high miscegenation and predominance of the black race in Salvador, contrary to what was expected, 
the sample did not show statistically significant intra-racial differences in BChE activity, being able to use the same reference 
values currently used, observing factors such as sex, use of contraceptives, and drinking alcohol.
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Introduction

Cholinesterases are enzymes in the group of hydrolases that 
catalyze the hydrolysis of choline esters, playing a funda-
mental role in the transmission of nerve impulses. There 
are three types: neurotoxic esterase, acetylcholinesterase 
(AChE), and butyrylcholinesterase (BChE) [1]. BChE, 
also called acylcholine acylhydrolase (EC 3.1.1.8), plasma 

cholinesterase, or pseudocholinesterase, predominates in the 
plasma, liver, neuroglia, pancreas, and digestive tract walls. 
BChE is a tetrameric glycoprotein, with a molecular mass 
of 342 kDa, synthesized in the liver and renewed for 7 to 
60 days. In the central nervous system (CNS), it is present 
in glial cells, but not in neurons [2–6].

Several studies claimed that the physiological functions 
of BChE were not yet well-known, unlike acetylcholinest-
erase, which has a clearly defined role in neurotransmission. 
Numerous mutations observed in the human BChE gene are 
mentioned, many of which are inactive, which may suggest 
that the enzyme be redundant. However, its toxicological and 
pharmacological importance in the detoxification or metabo-
lization of drugs containing ester such as succinylcholine, 
suxamethonium, mevacurium, procaine, tetracaine, heroin, 
and cocaine is recognized [4, 6, 7].
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Studies show the relationship of BChE with lipid metab-
olism and association with body mass index (BMI), cho-
lesterol, and triglyceride levels [5]. More recently, BChE 
has been found to hydrolyze the gut neuropeptide hormone, 
ghrelin, the only orexigenic hormone known to date to stim-
ulate food intake and promote obesity and insulin resistance. 
Thus, Chen et al. [8] and Pope and Brimijoin [9] believe that 
ghrelin modulation plays an important physiological role for 
this enzyme.

Therefore, BChE controls plasma ghrelin by regulating 
eating behavior. When the human organism has low levels 
of the enzyme, the desire to eat can be increased, having a 
strong impact on weight gain [8, 9].

BChE activity varies widely in people not exposed to 
anticholinesterase agents according to some characteris-
tics such as age, sex, reproductive status, health status, and 
ethnic and genetic characteristics. In the specific case of 
females, the variations are related to the hormonal status 
(puberty, pregnancy, menstruation, menopause, abortion, 
and consumption of hormonal contraceptives) [10, 11].

The demographic variable race or skin color may be 
related to discrete tissue adaptations of the internal envi-
ronment (genotype) at the level of membranes, ion channels, 
enzymes, and receptors that can lead to biochemical, physi-
ological, biophysical, and kinetic and dynamic modifiers of 
a drug, with potential change in the final effect observed in 
the patient (phenotype) that can be expressed through bio-
chemical measurements. The genotype, in turn, determines 
the individual’s specific genetic code that leads to different 
responses in the organism [12–15].

According to some studies, compared to other races, 
black Americans show, for example, a lower response to 
some antihypertensives (such as angiotensin conversion 
enzyme inhibitors – ACE inhibitors) and better response to 
others (loop diuretics and drug antagonists calcium chan-
nels, for example): lesser fibrinolytic action of tissue plas-
minogen activator (t-PA), slower recovery from intravenous 
anesthesia in the combined use of remifentanil and propofol, 
lower glucuronidation of paracetamol, and higher risk of 
hemolysis to oxidative drugs due to a deficit of G-6-PD in 
red blood cells, which is observed in 10% of the black popu-
lation [14, 15].

Studies conducted by Jones [16] and Wood [12] show that 
heterogeneity in the distribution of polymorphic characteris-
tics, which occur at different frequencies in different popula-
tions, resulting from genetic differences between racial and 
ethnic groups, may involve, in addition to enzyme activity, 
the drug metabolism and its receptors, for example.

The variation in butyrylcholinesterase activity related to 
interracial differences and lower levels of BChE in black 
people compared to levels in white people of the same 
sex has been evidenced by some researchers, explained by 
the frequency of enzyme variants [17]. The occurrence of 

atypical mutations in human BChE has been extensively 
studied, resulting in the identification of more than seventy 
variants. The possibility of multiple mutations within a sin-
gle BChE gene or combination of mutations is reported [6, 
13, 18–23].

These genetic alterations result, in general, in a deficiency 
in the enzymatic activity; however, it is important to empha-
size that a low level of BChE, or even its complete absence, 
is perfectly compatible with the normal development of the 
human being. Thus, individuals with a deficiency of this 
enzyme are asymptomatic; however, they have a greater sen-
sitivity to muscle relaxants suxamethonium, mivacurium, 
and other related drugs, including cocaine [6, 13, 18, 24, 25].

Patients with BChE variants may exhibit markedly pro-
longed paralysis after administration of succinylcholine, sux-
amethonium, or mivacurium. These muscle relaxants used 
in the preoperative period lead to paralysis of the striated 
muscles for a few minutes, and then they are metabolized 
by normal cholinesterase. When the patient presents this 
enzyme with its activity diminished or absent, the paralysis 
may have its effect prolonged, leading to an apnea for half an 
hour or more, with risk of death. However, these variants are 
less frequent in the black race [13, 15, 18, 19, 24].

The best known alleles are as follows: the usual, wild, 
or “normal” BChE  (BChEU), the atypical or “dibucaine-
resistant”  (BChEA), the “silent”  (BChES), and the “fluoride-
resistant”  (BChEF). The genes that control their synthesis are 
alleles in relation to each other. The usual form, homozygous 
 (BChEU/BChEU) or heterozygous with the  BChES allele 
 (BChEU /  BChES), determines the normal BChE, which 
is the most frequent type in all populations. “Atypical” 
homozygotes have much lower levels of BChE [24, 26, 27].

It is hypothesized that the atypical allele  (BCHEA) has a 
selective advantage due to its considerable frequency: East-
ern Jews, 10%; North American and Brazilian Caucasoids, 
2 to 3%; mixed Brazilians, 1.5%; and among Negroids and 
Mongoloids from other populations, less than 1%. In this 
case, since the mutant enzyme is less sensitive to anticho-
linesterases, its carriers would be more resistant to the poi-
soning of solanine (a naturally toxic glycoalkaloid present in 
plants of the Solanaceas genus, such as potatoes and green 
tomatoes) [24, 26–28].

Cocaine hydrolysis (COC) by BChE occurs slowly. Its 
variants prolong the half-life of this drug in the body, with 
rare clinical problems. However, with the continued use 
of COC, especially in forms of rapid absorption, such as 
“crack,” toxic levels of the drug accumulate, which can lead 
to death, which is more frequent among homozygotes and 
compound heterozygotes for variants of the BChE [24, 26, 
27, 29]. Negrão et al. (2013) found evidence of an associa-
tion between cocaine dependence and the presence of poly-
morphism in drug-dependent patients treated at specialized 
clinics in São Paulo (Brazil).
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Given this variability, it is difficult to establish a normal 
mean value of enzyme activity that can be applied to the 
general population, disregarding the factors that influence 
cholinesterase activity [26, 30, 31].

Brazil suffered a very diversified colonization and, as a 
consequence, there is a predominance of different ethnic 
groups in different regions of the country [32]. In this coun-
try, public statistics use a color classification system com-
posed of five categories: white, black, brown, indigenous, 
and yellow [33]. The Racial Equality Statute (instituted by 
Law No. 12,288/2010), in turn, defines the black popula-
tion as “the group of people who call themselves black and 
brown, according to the color or race used by the Brazilian 
Institute of Geography and Statistics Foundation (IBGE), or 
that adopt similar self-definition.”

According to the IBGE, based on the last Census (2010), 
the largest proportions of browns are found in the North 
and Northeast Regions, while blacks are proportionally more 
present in the Northeast Region, notably in Bahia, with 2.4 
million people (17.1%) who declared themselves to be that 
color (BRASIL, 2010). IBGE National Household Sample 
Survey (PNAD Continuous), in turn, shows that 48.3% and 
33.4% of Salvador’s residents, in 2018, declared themselves 
to be brown and black, respectively [34].

Thus, this study sought to investigate the baseline values 
of butyrylcholinesterase activity in a sample of the popula-
tion of Salvador made up of healthy people not exposed to 
anticholinesterase pesticides, considering their sociodemo-
graphic characteristics.

Materials and methods

This descriptive, quantitative, cross-sectional study was 
approved by the Research Ethics Committee of the State of 
Bahia Health Department (Trial-Code No. 2,133,618/2017), 
with a sample of 304 adult volunteers blood donors at 
the Hematology and Hemotherapy Foundation of Bahia 
(Hemoba), with no history of exposure to cholinesterase-
inhibiting pesticides and without physiological conditions 
that could affect BChE activity levels.

The participants were selected for convenience, consid-
ering as inclusion criteria: being over 17 years old, accept 
to participate in the research, with the signature of the Free 
and Informed Consent Form (ICF), being able to donate 
blood, established by clinical screening performed by doc-
tors from Hemoba, and the absence of a history of exposure 
to anticholinesterase substances. The non-inclusion criteria 
were not to live in Salvador, under the age of 18, inability 
to donate blood and a history of exposure to cholinesterase 
inhibitors.

Participants, after clinical screening conducted by doctors 
from the Hemoba Foundation and approval for the donation, 

were invited to participate in the research. Having accepted 
the invitation, after signing the Free and Informed Consent 
Term (ICF), they were interviewed just before the blood 
collection by a previously trained team, through the use of 
a structured script, elaborated with questions that address 
socio-demographic characteristics, health and lifestyle, con-
sidering the following variables: age, sex, color/race (self-
declared, based on the classification used by the Brazilian 
Institute of Geography and Statistics – IBGE [34]); alco-
hol consumption habits and using hormonal contraceptives 
(CH).

Blood samples were collected through the device used 
in venipuncture for blood bags, immediately before collec-
tion for donation, consisting of a volume of 5 mL, in a tube 
with heparin, for the determination of butyrylcholinesterase. 
Volunteers whose samples were hemolyzed or lipemic were 
excluded. These samples were processed at the Emergency 
Toxicological Analysis Laboratory (Labtox) of the Bahia 
Toxicological Information and Assistance Center (CIATox-
BA). After centrifugation, an aliquot of 200 µL of plasma 
was separated to determine the activity of BChE in triplicate 
and the rest was stored in a freezer at − 20 °C.

The determination of BChE activity was performed 
using the Siemens Healthcare Diagnostics  Dimension® 
RxL Max® clinical chemistry system, with reagent cartridge 
ready for analysis, whose method is based on the coupled 
oxidation–reduction reaction described by Gal and Roth 
[35]. The procedure is based on the hydrolysis of butyrylthi-
ocoline (BTC) by BChE, resulting in the release of thiocol-
ine, which directly reduces 2,6-dichlorophenol-indophenol 
(DIP), blue dye, to its colorless form. The resulting change 
in absorbance at 600 nm is directly proportional to BChE 
activity, being measured using a bichromatic rate technique 
(600 and 700 nm) [36]. The manufacturer recommended 
reference value is 7 to 19 U/mL.

In order to validate the BCHE enzyme activity kit, meas-
urements of selectivity, linearity, detection limits, quantifi-
cation limit, trend/recovery, precision, and robustness were 
determined following the American Agency Food and Drug 
Administration (FDA) criteria [37].

The results obtained were plotted in an  Excel® spread-
sheet and later analyzed using the SPSS V.9.0 and Minitab 
V.17 software. Values were considered statistically sig-
nificant when p < 0.05. The normality analysis of the dis-
tribution of quantitative variables was performed by the 
Kolmogorov–Smirnov test. From this information, para-
metric association tests were used, by comparing means, 
such as Student’s t (2 variables) or ANOVA (3 or more 
variables) tests or non-parametric, by comparing medians, 
such as Mann–Whitney U (2 groups) or Kruskal–Wallis (for 
evaluations of averages in groups of three or more catego-
ries) tests. The analysis of qualitative or categorical vari-
ables from three or more groups was performed using the 
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non-parametric chi-square test, duly corrected by the Mantel– 
Haenszel and Yates tests. Fisher exact test was used for the 
analysis of values below 5.

Results

The validation of the kit used to determine the activity of butyryl-
cholinesterase showed excellent linearity (y = 1.0507x − 0.4227; 
R2: 0.9997), showing the strong relationship between the 
enzyme activity and the readings obtained. Furthermore, its 
limits have been guaranteed, which demonstrates that the kit is 
effective for this study.

In the period from January to June 2019, 329 samples were 
obtained, however, 25 were excluded due to presenting hemol-
ysis or lipemia or, still, with insufficient data or with incon-
gruities for analysis. Therefore, 304 samples were evaluated.

When assessing the basic demographic characteristics 
and BChE activity levels of the survey participants, it was 
observed that 64.8% (197) were male. Men had a median age 
greater than women (p = 0.001; Mann–Whitney) (Table 1).

More than 50% of the participants were between 18 and 
35 years old. The age group from 26 to 35 years old pre-
dominated in both sexes, being 29.0% for women and 27.4% 
for men.

Of the 304 participants, there was a predominance of 
individuals of the self-declared black color/race (44.7%), 
followed by brown (40.5%).

The study showed individual variations in BChE activity 
in the population studied (Table 2).

The percentile distribution of the levels found in this 
study showed that the 2.5th percentile position corresponded 
to the values of 8.2 U/mL and 9.3 U/mL for females and 
males, respectively. At the 97.5th percentile, the values 
found were 18.8 U/mL for females and 18.4 U/mL for males. 
Therefore, all values obtained were inside of the manufac-
turer recommended reference range (7–19 U/mL).

This study did not observe a statistically significant differ-
ence (p = 0.8878; Mann–Whitney) of BChE activity between 
races, with an average of 13.6 ± 2.5 U/mL and 13.6 ± 2.5 
U/mL for both black and brown, when compared to white 
color (13.6 ± 2.7 U/mL). The three groups (white, black, 
and brown) were compared separately in relation to sex to 
verify the influence of this variable on BChE activity in dif-
ferent colors/races (Table 3), with no significant difference 

Table 1  Basic demographic characteristics of healthy blood donors 
recruited from HEMOBA in 2019

Statistical test: Mann–Whitney (p)
Date shows like percentage, median, and percentile
N number, Md median, P percentile

Donor characteristics

Sex N (%) Age (years); Md 
(P25–P75)

p

Female 107 (35.2) 34 (25.0–44.0) 0.001
Male 197 (64.8) 36 (27.0–46.0)
Total 304

Table 2  Descriptive data for the 
butyrylcholinesterase samples

Date shows like percentage, median, and percentile
BChE butyrylcholinesterase, N number, U units, mL milliliters, M mean, SD standard deviation, P25 25th 
percentile, P75 75th percentile, CH hormonal contraceptive
a Kruskal-Wallis test
b Mann-Whitney test

Group N BChE activity (U/mL) p

M ± SD Median (P25–P75) Minimum Maximum

Total 304 13.6 ± 2.5 13.6 (12.0–15.3) 6.0 19.8 -
White 45 13.6 ± 2.7 14.1 (11.6–15.6) 7.4 19.0 0.986a

Black 136 13.6 ± 2.5 13.4 (12.1–15.2) 7.5 19.4
Brown 123 13.6 ± 2.5 13.6 (12.1–15.2) 6.0 19.8
18–25 years 71 12.9 ± 2.1 12.85 (12.0–13.8) 7.4 19 0.002a

26–35 years 85 13.7 ± 2.9 13.7 (11.6–15.6) 6.0 19.8
36–45 years 73 13.6 ± 2.3 13.8 (12.0–15.1) 7.5 19.1
46–55 years 58 14.4 ± 2.3 14.9 (12.9 + 16.2) 9.0 19.6
56–65 years 15 13.5 ± 2.4 13.8 (10.6–15.0) 9.4 17.5
66–75 years 2 11.9 ± 4.3 - 8.8 14.9
No alcohol intake 133 13.7 ± 2.6 13.8 (12.0–15.4) 6.0 19.6 0.725b

Alcohol intake 171 13.6 ± 2.4 13.5 (12.1–15.2) 7.2 19.8
Woman not using CH 76 13.2 ± 2.4 13.0 (11.8–14.8) 6.0 19.6 0.008b

Woman using CH 31 11.8 ± 2.3 11.8 (10.5–13.0) 7.2 18.6
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(p = 0.633; Kruskal–Wallis test, females, and p = 0.380; 
Kruskal–Wallis test, males).

The relationship between BChE activity and the age 
group (p = 0.002; test = Kruskal–Wallis) showed an increase 
in the median of activity as the age group increased, what 
happened until the group of 46 to 55 years old, decreas-
ing in the age 56 to 65 years old. The age group was then 
divided into two groups by sex, to assess the effect of this 
factor on enzyme activity, which was evidenced only in 
males (p = 0.006; Kruskal–Wallis test), where there was 
an increase in activity from BChE to the group of 46 to 
55 years, decreasing in the range of 56 to 65 years (Table 4). 
In females (p = 0.293; Kruskal–Wallis test), the mean 
of enzymatic activity does not differ between age groups 
(Table 4).

Of the total number of female participants (n = 107), 
thirty-one (29.2%) used HC. The median levels of BChE 
activity in women using HC (11.8 U/mL; 10.5–13.0) were 

lower when compared to those not using the hormone (13.0 
U/mL; 11.8–14.8; p = 0.0083; Mann–Whitney test); how-
ever, no sample showed activity below 7.2 U/mL (Table 2). 
This finding corroborates the results found by Carmona-Fon-
seca [10], Caro-Gamboa et al. [11], Sidell and Kaminskis 
[38], Vásquez and Osorio [39], and Whittaker et al. [40].

The influence of menopause (n = 18) on enzyme activ-
ity was also evaluated, with no significant difference 
(p = 0.0897; Mann–Whitney test).

Regarding the alcohol consumption habits, 171 (56.3%) 
participants reported using it with some frequency, and the 
levels of enzyme activity were higher in those who did not 
report using these drinks. However, there was no significant 
difference in BChE activity between the two groups (13.8 
U/mL (12.0–15.4); 13.5 U/mL (11.8–14.8); p = 0.725, 
Mann–Whitney), as seen in Table 2, differently from what 
was found in the literature [22, 41, 42].

Table 3  Descriptive 
data of the samples of 
butyrylcholinesterase according 
to sex and race

Test: Kruskal–Wallis
Date shows like percentage, median, and percentile
BChE butyrylcholinesterase, N number, U units, mL milliliters, M mean, SD standard deviation, P25 25th 
percentile, P75 75th percentile

Gender N BChE activity (U/mL) p

Race/color M ± SD Median (P25–P75) Minimum Maximum

Male 32 White 14.1 ± 2.8 14.9 (11.8–16.2) 7.4 19.0 0.380
86 Black 13.9 ± 2.4 13.8 (12.4–15.8) 8.5 19.4
79 Brown 14.2 ± 2.3 14.3 (13.0–15.7 8.6 19.8

Female 13 White 12.4 ± 2.1 12.0 (10.9–14.1) 9.9 16.5 0.633
50 Black 13.1 ± 2.5 12.8 (11.9–14.5) 7.5 19.1
44 Brown 12.6 ± 2.5 12.4 (11.2–13.8) 6.0 19.6

Table 4  Descriptive data for 
butyrylcholinesterase samples 
according to age and sex

Test: Mann–Whitney
Date shows like percentage, median, and percentile
BChE butyrylcholinesterase, N number, F female, M male, U units, mL milliliters, M ± SD mean plus or 
minus standard deviation, P25 25th percentile, P75 75th percentile

Age group N BChE activity (U/mL) p

Gender M ± SD Median (P25–P75) Minimum Maximum

18–25 years 27 F 12.4 ± 1.4 12.3 (12.0–13.3) 9.3 15.3 0.0756
44 M 13.2 ± 2.3 13.2 (12.0–14.6) 7.4 19.0

26–35 years 31 F 12.9 ± 3.0 12.2 (11.6–14.4) 6.0 19.1 0.0804
54 M 14.1 ± 2.7 14.4 (11.6–16.0) 8.5 19.8

36–45 years 24 F 12.2 ± 2.2 12.5 (10.2–14.2) 7.5 15.9 0.0006
49 M 14.3 ± 2.1 14.2 (12.8–15.8) 10.2 19.1

46–55 years 17 F 13.8 ± 2.7 13.9 (12.0–15.6) 9.0 19.6 0.0876
41 M 14.9 ± 2.1 15.2 (13.4–16.3) 10.2 18.8

56–65 years 7 F 13.2 ± 2.3 13.3 (10.6–15.0) 9.8 15.7 0.6434
8 M 13.7 ± 2.7 13.8 (11.2–15.8) 9.4 17.5

66–75 years 1 F 14.9 - 14.9 14.9 -
1 M 8.8 - 8.8 8.8
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Discussion

The present study reports the activity levels of butyrylcho-
linesterase in a sample of the population of Salvador city 
(capital of the state of Bahia) and its realization is justi-
fied by the need to know the baseline levels and establish 
reference values in relation to this laboratory parameter 
for that population, considering their ethnic characteristics 
and genetics resulting from high miscegenation, with a 
predominance of individuals of black and brown ethnicity 
[43–45]. The scientific literature shows evidence that the 
black population, whether from Africa or the Americas, 
may show differences in the activity of enzymes, in the 
metabolism of drugs and their receptors.

There are few studies carried out in Brazil in recent years 
with populations not occupationally exposed to cholinester-
ase inhibitor pesticides and without association of specific 
pathology that assess the activity of this enzyme among 
different racial groups. Twenty-three articles have been 
identified between 1965 and 2013 and all of them studied 
the frequency of genetic variants of BChE (which lead to 
changes in enzyme activity), but few related the frequency 
of these variants to different racial groups. The majority of 
these surveys (61%) took place before the year 2000, with 
nine of these specifically involving samples of indigenous 
populations. Among the others, only two used samples from 
the population of the Northeast Region of Brazil, one of 
which was carried out by Chautard-Freire-Maia et al. [17] 
and consisted of evaluating the frequency of  BChEA in sam-
ples of 856 women classified by racial group in two hospitals 
in the Salvador city [17, 45].

Therefore, it is clear that there is a scarcity of studies 
involving the analysis of cholinesterases in a population not 
exposed to anticholinesterase drugs in the state of Bahia 
(Brazil).

Although Salvador is one of the capitals with the highest 
frequency of black population in Brazil, contrary to what 
was expected, this study did not observe lower levels of 
BChE activity in people with this characteristic, compared to 
whites of the same sex, although it was found by Chautard-
Freire-Maia et al. [17] a frequency of 0.394 ± 0.227% of the 
atypical BChE gene in black people in their study.

The activity of the BChE enzyme, as well as acetylcho-
linesterase, is a relevant parameter for assessing exposure 
to anticholinesterase agents, both in chronic and acute 
use; however, for a good interpretation of its results, it is 
important that the professional is aware of the inter factors 
and intraindividuals that can interfere with the activity of 
these enzymes, such as age, sex, body mass, lipid levels, 
pregnancy, and use of contraceptives [11, 26, 31, 46, 47].

The results obtained in the present study, when compar-
ing ethnic groups, did not find evidence, therefore, to reject 

the null hypothesis (equal activity between racial groups) 
as a single group. On the other hand, median BChE val-
ues for men were significantly higher than those found for 
women, similar to the results obtained by Câmara et al. 
[30], Jiménez-Diaz and Schosinsky-Nevermann [47], and 
Carmona-Fonseca [48], but diverging from the results 
obtained by other authors where there was no significant 
difference between genders [31, 49].

The scientific literature has reported lower levels of BChE 
activity in women [30, 44, 47, 50–53], which was found in the 
present study. According to Sidell and Kaminskis [38] and 
Lepage et al. [54], as mentioned by Lockridge and Masson 
[55], these levels are around 36 to 50% lower than in males.

Based on the recommendations of the International Fed-
eration of Clinical Chemistry and Laboratory Medicine [44, 
56], the authors propose as reference values for the popula-
tion of the city of Salvador the ranges from 8.2 to 18.8 and 
9.3 to 18.4 U/mL for females and males, respectively. Unlike 
these findings, some studies have found no statistically sig-
nificant difference in BChE activity between genders [31, 
45, 48, 57]. Study carried out by Zlatković et al. [49], who 
developed a similar study using Dimension RxL© in a sam-
ple of the population of the Republic of Serbia, in the 2.5th 
percentile found the values of 9.0537 U/mL (9,053.7 U/L) 
for both sexes, close to those found by these authors. On 
the other hand, in the 97.5 percentile the values obtained 
by them were higher, that is, 23.6718 U/mL (23,671.8 U/L) 
for both sexes.

In a study developed in Colombia by Sanchez et al. [45], 
using a modification of the Ellman method, there was also no 
difference in enzymatic activity between the sexes, with val-
ues between 9,945.8 and 10,462.2 U/L. Siqueira et al. [31], in 
turn, developed a study in academics from the University of 
São Paulo using the method of Michel and Caraway, obtain-
ing results slightly higher than those found at the time in the 
literature, from 77 U for BChE. These differences, possibly, 
are related to demographic, geographic and genetic factors, 
as well as the use of different laboratory methods and tech-
niques, which makes it difficult to compare these results [45, 
56].

This study showed that women who used hormonal con-
traceptives had lower BChE activity, thus corroborating the 
results found by Caro-Gamboa et al. [11], Macqueen and 
Plaut [26], Câmara et al. [30], Sidell and Kaminskis [38], 
Vásquez and Osorio [39], Whittaker et al. [40], and Jiménez-
Diaz and Schosinsky-Nevermann [47].

Of the total number of female participants (n = 107), 
thirty-one (29.2%) used HC. The median levels of BChE 
activity in women using HC were lower when compared to 
those not using the hormone; however, no sample showed 
activity below 7.2 U/mL. This finding corroborates the results 
found by Caro-Gamboa et al. [11], Sidell and Kaminskis 



1317Irish Journal of Medical Science (1971 -) (2023) 192:1311–1319 

1 3

[38], Vásquez and Osorio [39], and Whittaker et al. [40] and 
Jiménez-Diaz and Schosinsky-Nevermann [47].

The activity levels of BChE increased as the age group 
increased, up to the limit of 46 to 55 years. It was evident 
that this influence was due to males, since the difference was 
not significant for females. Some studies carried out by other 
authors also found virtually no significant difference in both 
sexes, except for the youngest age group (18 to 29 years) in 
females [58, 59].

When analyzing the activity of BChE in relation to alco-
hol consumption habits, there was not statistical significance 
between the means of the two groups (“alcohol intake” and 
“no alcohol intake”), diverging from the results reported in 
the literature [42, 58]. We assume that this divergence may 
be related to a possible moderate consumption of alcoholic 
beverages.

In the monitoring of occupationally exposed individu-
als, it is important to have baseline or pre-exposure values, 
so that an assessment of the laboratory result can be made 
with greater safety, reducing the influence of inter-individual 
variables.

Local reference values can be an important tool to support 
a safer interpretation of the results obtained from cholinest-
erase activity, based on the characteristics of the regional 
population.

Conclusion

The results presented by this study can be useful in the clini-
cal routine when the determination of BChE is necessary for 
the diagnosis and prognosis of intoxications by pesticides 
cholinesterase inhibitors in occupational or accidental expo-
sures, either in individual or mass events, considering the 
sociodemographic characteristics population of Salvador, in 
particular, ethnic characteristics.

For the studied sample constituted of individuals consid-
ered healthy, not occupationally exposed to anticholinest-
erase substances, the baseline values of plasma cholinest-
erase (BChE) were determined as ranges from 8.2 to 18.8 
U/mL for females and 9.3 to 18.4 U/mL for males, for both 
black and non-black individuals, since no differences were 
observed between these two groups.

Women using hormonal contraceptives had median BChE 
levels (11.8 U/mL; 10.5–13.0) lower than those who did not 
use them (13.0 U/mL; 11.8–14.8) (p = 0.008; Mann–Whitney 
test), however, with levels of enzyme activity not less than 
7.2 U/mL.
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