original article

Butyrylcholinesterase and
diabetes mellitus in the CHE2
C5- and CHE2 C5+ phenotypes
Butirilcolinesterase e diabetes melito nos
fenótipos CHE2 C5- e CHE2 C5+
Mauro M. Cwiertnia1, Vânia M. Alcântara1, Rosângela R. Réa2, Ana Cristina R. A. Faria2,
Geraldo Picheth1, Marileia Scartezini1, Lorena E. Graef1, Marciane Welter1

1
Departamento de Patologia
Médica, Universidade Federal do
Paraná (UFPR), Curitiba, PR, Brasil
2
Serviço de Endocrinologia
e Metabologia do Paraná,
Departamento de Clínica Médica,
UFPR, Curitiba, PR, Brasil

ABSTRACT
Objective: To investigate the relationship between butyrylcholinesterase (BChE) activities (total
and band specific) and diabetes mellitus. Subjects and methods: BChE activities (BChEA, AC4/5,
ACOF and RC5) were analyzed in 101 type 1 (DM1) and in 145 type 2 (DM2) diabetic patients, in
relation to phenotype, weight and incidence of metabolic syndrome (MS) in these patients. The
C4/5 and C5 complex were separated from other molecular forms (COF) using an acid agar gel. Results: The BChE activity (BChEA) and the absolute activities of C4/5 (AC4/5) and COF (ACOF) showed
a high positive correlation coefficient to weight in the CHE2 C5- group, while the relative activity
of C5 complex (RC5) showed a negative correlation to weight. Conclusions: The present study
suggests that the positive correlation of the BChE activities to diabetes mellitus and to insulin
resistance may depend on the CHE2 locus variability. High values of BChE activities were associated with insulin resistance only in CHE2 C5- diabetic patients, while in CHE2 C5+ diabetic
patients, the presence of C5 complex, especially in a relatively high proportion, leads to less
fat storage and better protection against metabolic syndrome. Arq Bras Endocrinol Metab. 2010;54(1):60-7
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RESUMO
Objetivo: Investigar a associação entre as atividades (total e banda específica) da butirilcolinesterase (BChE) e diabetes melito. Sujeitos e métodos: As atividades da BChE (BChEA, AC4/5, ACOF
e RC5) foram analisadas em 101 pacientes diabéticos do tipo 1 (DM1) e 145 do tipo 2 (DM2) em
relação aos fenótipos, ao peso e à incidência da síndrome metabólica. Os complexos C4/5 e C5
foram separados das outras formas moleculares (COF), usando gel de ágar ácido. Resultados:
A atividade da BChE (BChEA) e as atividades absolutas de C4/5 (AC4/5) e de COF (ACOF) mostraram
altos coeficientes de correlações positivos com peso no grupo de CHE2 C5-, enquanto a atividade relativa do complexo C5 (RC5) mostrou correlação negativa com o peso. Conclusões: O
presente estudo sugere que as correlações positivas das atividades da BChE com diabetes melito e com a resistência à insulina podem depender da variabilidade do loco CHE2. Altos valores
nas atividades da BChE estão associados com a resistência à insulina somente nos pacientes
diabéticos CHE2 C5-, enquanto nos pacientes diabéticos CHE2 C5+ a presença do complexo
C5, especialmente em alta proporção relativa, leva a um menor estoque de gordura e à maior
proteção contra a síndrome metabólica. Arq Bras Endocrinol Metab. 2010;54(1):60-7
Descritores
Locos BCHE e CHE2; complexos C4/5 e C5; obesidade, resistência à insulina; síndrome metabólica; colinesterase do soro

INTRODUCTION

H

uman butyrylcholinesterase (BChE) is codified by
the BCHE locus that presents a few alleles with
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relatively high frequencies and a large number of rare
alleles. Among phenotypes with differential response to
inhibitors, BCHE U, BCHE UA and BCHE UF are the
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features for diabetes include high blood pressure, hyperinsulinemia and dislipidemia, with low serum levels
of high density lipoprotein-cholesterol (HDL-C) and
high levels of triglycerides (TG) (20).
Abbott and cols. (21), studying the relationship between BChEA and hypertriglyceridemia in DM1 and
DM2 patients and in patients with impaired glucose
tolerance, found a positive correlation between BChEA
and the logarithm of fasting TG serum levels, and that
BChEA also positively correlates to insulin resistance in
DM2 patients. They concluded that BChE may play a
role in the development of hypertriglyceridemia in DM,
associated with the resistance to or deficiency of insulin.
Typical dislipoproteinemia in DM2 patients is characterized by the presence of high levels of very low
density lipoprotein-cholesterol (VLDL-C), small and
dense low density lipoprotein (LDL), and HDL-C below desirable levels (22). The small dense LDL is highly atherogenic due to its high susceptibility to modifications by oxidation (23). Frohlich and Dobiasova
(24) demonstrated that the TG/HDL-C ratio, and
especially its logarithm (logTG/HDL-C), have a high
correlation to LDL particle size and can therefore be
used as a risk predictor for CAD.
This is the first study that separately analyzes the
activity of C4/5 and C5 complexes of BChE in diabetic
patients (DM1 and DM2), and the BChE activities in
CHE2 C5+ and CHE2 C5- phenotypes.

Subjects AND METHODS
Subjects
Plasma samples were collected with EDTA after at least 12 hours of fasting. DM1 and DM2 patients were
selected from the Diabetes Outpatient Clinic of Universidade Federal do Paraná, in Curitiba (Southern Brazil).
The DM group included 101 DM1 patients, aged 24.3
± 7.3 years (61.0% female, 72% Euro-Brazilian and 28%
Afro-Brazilian) and 145 DM2 patients, aged 55.0 ±
11.4 years (66.2% female, 64% Euro-Brazilian and 36%
Afro-Brazilian). Controls were obtained from a Curitiba population sample (blood donors, university staff and
students) consisting of 186 individuals, aged 37.8 ± 15.6
years (59.1% female, incomplete data on ethnic origin).
The initial sample comprised of 104 DM1 patients
and 147 DM2 patients; however, 4 DM1 and 2 DM2
were excluded from the sample due to the presence of
abnormal phenotypes with low BChEA values. Out of
the 145 DM2 patients, 39 were taking hypoglycemic
61
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most common ones. In serum, one of the several molecular forms of BChE, the C5 complex, is formed by
association of BChE molecules with a still-unidentified
protein, which is codified by the CHE2 locus (1). The
presence of C5 (constituting about 10% of the EuroBrazilian population) characterizes the CHE2 C5+
phenotype (2), and the absence of this complex characterizes the CHE2 C5- phenotype. Sera from CHE2
C5+ individuals showed an approximate 30% increase
in mean BChE activity (BChEA) when compared with
CHE2 C5- sera (3). CHE2 C5+ phenotype individuals
showed lower mean body weight values (2) and lower
mean body mass index (BMI) values (4) than noted in
the CHE2 C5- phenotype.
In acid agar gel electrophoresis (pH 6.2 to 6.7), the
C5 complex migrates to the positive pole, while all other
BChE molecular forms (COF) migrate toward the negative pole. All individuals (5) have another BChE complex
(C4/5) with the same mobility as COF in acid agar gel (pH
6.2 to 6.7) electrophoresis, and with the same migration
to the positive pole as C5, when the pH of the agar gel
is 5.3 (5).
The physiological function of BChE is still unknown, but positive correlations were found between
BChEA and diabetes mellitus (DM) (6,7); triglycerides (TG) (7-9); total cholesterol (TC) (7,10); apolipoprotein B (ApoB) (7,9); adult body weight (2,11)
and BMI (3,4). In light of some of these correlations,
Kutty and cols. (12) proposed the use of BChEA as a
complementary risk factor for coronary artery disease
(CAD), and also suggested the relationship of BChEA
to metabolic syndrome (MS) (13).
The term diabetes mellitus comprises a group of metabolic disorders characterized by hyperglycemia due to
defects in insulin secretion and/or in its action upon
the organism. DM is classified into two main groups:
type 1 (DM1), characterized by pancreas β-cell destruction due to autoimmune or idiopathic causes, resulting
in insufficient insulin secretion; and type 2 (DM2), characterized by a resistance to insulin action and an inadequate compensatory insulin secretory response (14).
Coronary artery disease (CAD) is a known feature of complications in the prognosis of DM2 patients
(15), and a high level of visceral fat is one of the main
factors related to glucose intolerance and development
of CAD (16), contributing to the sum of risk factors
for DM onset (17) and to the deterioration of the lipid
profile (18). Obesity in young adults has a positive correlation to development of DM (19). Other prognostic
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medications (HM); 25 taking HM and Insulin (I), 22
taking HM and sulfa (S), 34 only insulin, 14 only sulfa,
10 both insulin and sulfa, and 1 taking HM with insulin
and sulfa. According to Abbott and cols. (21), medication type should not interfere with BChE activity.
This research was approved by the Ethics Committee of the University Hospital, of the institution (protocol no 327.037/2001-04).
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Laboratory methods
Glucose (GLC) was quantified by glucose-hexoquinase
(Merck Mega method); TG and TC were quantified
by colorimetric enzymatic reactions (Merck, SMT);
and HDL-C by homogeneous direct method (Roche).
HbA1c and apolipoprotein B (Apo B) were determined
by high performance liquid chromatography (BioRad)
and by turbidimetry (Roche), respectively. Insulin (I)
was determined by radioimmunoassay (Diagnostics Products Corporation, Los Angeles, CA, USA). All these
analyses were performed on the day of sample collection.
Non-hemolized serum samples were stored at
-20°C. BChE activities and the phenotypes of the
BCHE and CHE2 loci were verified within eight days
of storage. BChEA was measured by the colorimetric
propionylthiocholine-DTNB reaction at 25oC, using the
method described by Dietz and cols. (25), as modified
by Evans and Wroe (26). The phenotypes of the CHE2
locus were identified by acid agar gel electrophoresis
(pH 6.5), followed by a staining process using alphanaphthyl acetate as substrate and fast red TR salt, in a
modification of the Van Ros and Vervoort method (27).
This methodology allows band-by-band separation of C5
from all the other BChE forms (COF). In the case of the
CHE2 C5- phenotype, the C4/5 band is separated from
the COF band by a modification of this methodology (5)
using agar gel at pH 5.3, in a 2.5 hour run (Figure 1). Because the intensities of these bands modify with storage,
analysis was performed four months after sample collection, the period required for their stabilization. The relative activities (%) of C4/5 and C5 bands (RC4/5 and RC5,
respectively) were measured after gel scanning with the
Kodak Digital (28) Corel Photo Paint 9 (1999), and the
bands quantified by the Kodak 1D (29) Image Analysis
Software for Windows (1992-2000). The samples were
examined in duplicate and whenever the results were not
reproducible, new trials were performed until three results
were in agreement. The absolute activity (AC4/5) of the
C4/5 bands was then calculated [relative activity of these
bands (RC4/5) multiplied by their total activity (BChEA)].
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Figure 1. Fragments of two electrophoreses in agar gel of pH 6.5 (A) and
pH 5.3 (B). Representative migration of CHE2 C5+ (lines 1) and of CHE2
C5- (lines 2).

The diagnosis of DM1 was assigned when the fasting glucose concentration exceeded 126 mg/dL (or
was previously 140 mg/dL) and/or random plasma
glucose levels exceeded 200 mg/dL on more than one
occasion, with or without overt symptoms or signs of
diabetes.
HOMA-IR (31) is a mathematical model that predicts insulin resistance (IR) and/or secretion of insulin
by pancreatic β-cells by measuring insulin and fasting
blood glucose: HOMA-IR = Glucose (mMol) x Insulin
(µU/mL)/22.5.

Statistical analyses
Data analyses were performed with the Statistica software (30) that calculated Student’s t-test for independent
means comparisons, χ2 tests, and stepwise multiple regression analyses.
The analyzed variables in diabetic patients were:
BChEA, sex, age, ethnic origin, systolic pressure (SP),
diastolic pressure (DP), body mass index (BMI), glucose (GLC), HbA1, Apo B, TC, TG, logTG, HDL-C,
I, phenotypes of the CHE2 locus (PCL) and diabetes
type (DT).

RESULTS AND DISCUSSION
Previous studies (4,32) have shown the influence of
CHE2 locus in BChEA. This study has taken this inquiry
to the next level of isolating influencing factors by separately analyzing the CHE2 C5- and CHE2 C5+ phenotypes in both diabetic and in non-diabetic controls.
The incidence of the CHE2 C5+ phenotype in
DM1 (13.5% ± 3.4%) and in DM2 (13.6% ± 2.8%) did
Arq Bras Endocrinol Metab. 2010;54/1
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Table 1. Characteristics of DM1 and DM2 patients with CHE2 C5- phenotype
Variables

DM1 (n)

DM2 (n)

t (p)

Age (years)

24.63 ± 7.52 (86)

54.44 ± 11.65 (125)

21.0 (< 0.0001)

Height (m)

1.63 ± 0.09 (86)

1.61 ± 0.09 (125)

2.0 (< 0.05)

BMI (kg/m2)

23.32 ± 3.39 (86)

30.04 ± 5.34 (125)

10.3 (< 0.0001)

SP (mmHg)

116.48 ± 13.18 (84)

141.27 ± 18.30 (122)

10.7 (< 0.0001)

DP (mmHg)

72.68 ± 9.23 (84)

87.77 ± 10.71 (122)

10.5 (< 0.0001)

10.04 ± 2.38 (86)

8.61 ± 2.07 (124)

4.6 (< 0.0001)

216.04 ± 116.22 (83)

182.78 ± 72.38 (125)

2.5 (< 0.05)

HbA1c (%)
GLC (mg/dL)
Apo B (mg/dL)

88.88 ± 26.33 (86)

116.84 ± 29.66 (125)

7.0 (< 0.0001)

TC (mg/dL)

187.80 ± 45.91 (85)

223.92 ± 50.26 (124)

5.3 (< 0.0001)

TG (mg/dL)

98.69 ± 72.04 (85)

184.56 ± 146.28 (124)

5.1 (< 0.0001)

1.92 ± 0.25 (85)

2.17 ± 0.27 (124)

7.1 (< 0.0001)

HDL-C (mg/dL)

50.03 ± 11.35 (86)

44.60 ± 12.10 (121)

3.3 (< 0.01)

I (µUI/mL)

25.68 ± 27.60 (84)

19.48 ± 17.71 (122)

2.0 (= 0.05)

logTG/HDL

0.04 ± 0.01 (85)

0.05 ± 0.02 (121)

5.6 (< 0.0001)

HOMA-IR

9.86 ± 7.48 (81)

8.63 ± 7.93 (122)

1.1 (> 0.20)

logTG

BChEA activities
BChEA (kU/L)

5.05 ± 0.92 (86)

6.10 ± 1.34 (125)

6.3 (< 0.0001)

RC4/5 (%)

17.85 ± 5.70 (86)

19.60 ± 7.07 (125)

1.9 (> 0.05)

AC4/5 (kU/L)

0.93 ± 0.39 (86)

1.23 ± 0.61 (125)

4.0 (< 0.0001)

ACOF (kU/L)

4.13 ± 0.71 (86)

4.87 ± 1.02 (125)

6.0 (< 0.0001)

Mean ± standard deviation, t-test( t), p-value (p); sample size (n).
BMI: body mass index, SP: systolic pressure, DP: diastolic pressure, GLC: glucose, TC: total
cholesterol, TG: triglycerides, logTG: logarithm of TG, I: insulin.

Table 2. BChE activity in diabetic patients (DM1 and DM2) with CHE2
C5- phenotype
Variables

DM1 (n = 78)

Controls (n = 78)

t (p)

Age (years)

24.83 ± 7.58

24.91 ± 6.92

0.1 (> 0.90)

BChEA (kU/L)

5.03 ± 0.90

4.88 ± 0.92

1.6 (> 0.10)

RC4/5 (%)

18.18 ± 5.51

16.42 ± 4.44

2.2 (< 0.05)

0.94 ± 0.39

0.80 ± 0.29

2.5 (< 0.05)

AC4/5 (kU/L)
ACOF (kU/L)

4.11 ± 0.66

4.00 ± 0.75

0.9 (> 0.30)

Variables

DM2 (n = 80)

Controls (n = 80)

t (p)

Age (years)

50.61 ± 11.38

47.59 ± 3.03

1.6 (> 0.10)

6.09 ± 1.25

5.47 ± 0.98

3.5 (< 0.001)

BChEA (kU/L)
RC4/5 (%)

20.39 ± 7.05*

14.71 ± 4.87

5.9 (< 0.0001)

AC4/5 (kU/L)

1.28 ± 0.62*

0.83 ± 0.33

5.6 (< 0.0001)

ACOF (kU/L)

4.81 ± 0.90*

4.71 ± 0.79

0.7 (> 0.40)

Mean ± standard deviation, t-test (t), p-value (p), sample size (n), * n = 77.

BChEA correlation with Apo B (7,9) and TG (7-9)
has been noted in other studies. In the CHE2 C5- obese group sample (4), the correlation of AC4/5 and ACOF
with TC was also observed. Apo B and TC comprise
part of the low density lipoprotein cholesterol (LDL-C)
and have high positive correlation.
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not differ significantly from the incidence found in a
Curitiba blood donor sample in an earlier study (2): (N
= 2,541; 10.50% ± 0.62%); (χ2 = 0.92, p > 0.30 and χ2
= 1.40, p > 0.20; respectively).
Table 1 shows mean comparisons found by t-test
between DM1 and DM2 patients with the CHE2 C5phenotype. Most of the mean values are significantly
higher in DM2 than in DM1, except for height, HbA1c,
GLC, and HDL-C, all of which presented higher values
in DM1. These findings seem to reflect the metabolic
alterations characteristic of DM2, with higher means
for BMI, SP, DP, ApoB, TC, TG, logTG, logTG/HDL
and BChE activities. The elevation of logTG/HDL in
these patients indicates that they have a higher proportion of small and dense LDL particles (24) and, therefore, a higher risk for coronary artery disease (CAD).
Table 2 shows the t-test results for the mean values of age and BChE activities in the DM1 and DM2
groups with the CHE2 C5- phenotype, compared to
controls, and paired by sex and age. DM1 presented
higher significant mean values for RC4/5 and AC4/5 but
not for BChEA and ACOF. Analyses of other variables
(not shown in the table) presented significant higher
mean values for BMI, GLC, TC, Apo B, and HbA1
in DM1 when compared with the controls, but not
for the values for TG, logTG, HDL-C and logTG/
HDL-C. However, the DM2 subjects presented higher
values for a majority of the analyzed variables, except
for height, HDL-C and ACOF. The pairing procedure
was used because males and older individuals presented
higher mean values for BChEA (4,7,9,33,34), AC4/5
(4,34) and ACOF (4), when compared to females and
younger individuals with CHE2 C5- phenotype.
After logistic multiple-regression analysis (Table 3),
BChEA and ACOF in the DM1 CHE2 C5- sample presented statistically significant standardized regression
coefficients with Apo B and logTG (or TG). AC4/5
correlated only with Apo B. In DM2, BChE activities
showed significant correlation with Apo B, logTG and
HOMA-IR. When the DM1 and DM2 groups were
analyzed together, BChEA and ACOF presented positive
and significant correlation with Apo B, logTG (or TG),
HOMA-IR and DT, and AC4/5 only correlated significantly with Apo B and logTG. The AC4/5 variability was
better understood in DM2 (30%), while the BChEA
and ACOF variances were better understood in DM1
(40% and 33%, respectively), notably in the DM1 and
DM2 samples analyzed together (44%).
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Table 3. Stepwise multiple regression analysis in DM1 and DM2 with CHE2 C5- phenotype considering BChE activities as a dependent variable
D.V.
DM1 (n)

Apo B

logTG

HOMA-IR

R2

BChEA (85)

+0.45 (p < 0.001)

+0.23 (p < 0.05)&

NS

0.40

AC4/5 (86)

+0.48 (p < 0.0001)

NS

NS

0.23

ACOF (85)

+0.38 (p < 0.01)

+0.24 (p < 0.05)

NS

0.33

DM2 (n)

R2

BChEA (121)

+0.34 (p < 0.001)

+0.23 (p < 0.01)

+0.21 (p < 0.01)

0.30

AC4/5 (121)

+0.33 (p < 0.001)

+0.23 (p < 0.01)

+0.21 (p < 0.01)

0.30

ACOF (124)

+0.30 (p < 0.001)

+0.20 (p < 0.05)

+0.26 (p < 0.01)

0.28

DM1 and DM2 (n)
BChEA (201)

+0.36 (p < 0.0001)

+0.21 (p < 0.01)

AC4/5 (209)

+0.36 (p < 0.0001)

+0.16 (p < 0.05)

ACOF (209)

+0.33 (p < 0.0001)

+0.20 (p < 0.01)

&

DT

R2

+0.18 (p < 0.01)

0.44

NS

NS

0.21

+0.23 (p < 0.001)

+0.17 (p < 0.01)

0.44

+0.20 (p < 0.001)

DV: dependent variable; n: sample size; logTG: logarithm of triglycerides; DT: diabetes type; NS: non-significant result; : variable without logarithm.
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The correlations of BChEA and ACOF with diabetes
type (DT) indicate that these activity levels were greater
in DM2 subjects than in DM1 subjects. An earlier study
(21) showed that the mean values of BChEA in DM1
and DM2 were not significantly different. However, this
result was not replicated in the present study. Of note,
the previous study did not mention the proportion of
women in its diabetic sample, nor how many women
were taking oral contraceptives. One possible reason for
the discrepancy in findings is that our DM1 sample had
a greater number of women than men, and 25% of those women used oral contraceptives. The negative correlation of BChEA with estradiol is supported by data
showing a higher mean value for BChEA in men than in
females during their fertile period, a difference that disappears after menopause (35). Decrease of total BChE
activity was also reported during pregnancy, when an
increased synthesis of estrogens occurs (36,37).
Age and sex, despite not showing a correlation with
BChEA in the diabetic samples, may, however, influence
BChEA activity secondarily to the increase caused by dislipidemia. Groups DM1 and DM2 were both divided into
four groups, by age and sex. Group 1 = women with median age under 23; Group 2 = men with median age under 23; Group 3 = women with median age over 23; and
Group 4 = men with median age over 23. Group 1 showed
lower mean values for BChEA (t = 3.6; p < 0.001), AC4/5
(t = 2.6; p < 0.01) and ACOF (t = 3.3; p < 0.001), when
compared to Group 3. Group 1 also showed lower mean
values for BChEA (t = 2.1; p < 0.05) and AC4/5 (t = 2.4;
p < 0.05), when compared to Group 4.
64

It is known that DM2 has been positively correlated to
obesity (38). Considering that obese CHE2 C5- subjects
display similar metabolic alterations to CHE2 C5- DM2
subjects, the present data are in accordance with the studies that show higher mean values for BChEA, AC4/5 and
ACOF in obese subjects, when compared to a non-obese
sample of the general population of Curitiba (4,32,34).
In DM2, the HOMA-IR shows strong correlation
with BChE activities. In DM1 patients, the HOMA-IR
frequency (greater than 2.71) did not differ from those of
DM2 patients. Furthermore, the HOMA-IR mean values
for DM1 did not differ from those of the DM2 group (Table 1), and did not show correlation with BChE activities
in the DM1 group using logistic regression analyses. The
HOMA-IR has been positively correlated to BMI (39).
Although obesity is a frequent feature of DM2,
many DM1 patients are prone to high BMI. Recent
studies suggest that HOMA-IR is a common finding
among this diabetic type, (40,41) and that HOMA-IR
correlates positively with BMI (42,43).
Positive correlations of BChEA with body weight
(2,4,34), BMI (4,34) and metabolic syndrome (MS)
(13) have already been observed in the CHE2 C5- phenotype. Positive correlations of BMI (4,34) and MS (13)
with BChEA, AC4/5 and ACOF have also been reported.
The World Health Organization (WHO) defines
“overweight” as a BMI equal to or more than 25 (44).
Therefore, we split the total sample (DM1 and DM2)
according to this value, in other words, non-overweight
(BMI equal to or less than 25) and overweight (BMI
greater than 25) with the results shown in table 4.
Arq Bras Endocrinol Metab. 2010;54/1
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Variables

BMI < 25
(n = 88)

BMI ≥ 25
(n = 125)

Age (years)

32.66 ± 16.14

52.50 ± 15.75

7.4 (< 0.0001)

5.20 ± 0.94

6.01 ± 1.41

4.7 (< 0.0001)

18.77 ± 6.22

18.97 ± 6.86

0.2 (> 0.80)

BChEA (kU/L)
RC4/5 (%)

t (p)

AC4/5 (kU/L)

1.00 ± 0.44

1.18 ± 0.61

2.3 (< 0.05)

ACOF (kU/L)

4.23 ± 0.75

4.83 ± 1.05

4.6 (< 0.0001)

Mean ± standard deviation, sample size (n), t-test (t), p-value (p).

It was suggested in a previous study (21) that BChEA
may have a role in the altered lipoprotein metabolism in
hypertriglyceridemia associated with insulin insensitivity or
insulin deficiency in diabetes mellitus. However, the results
obtained in the present study support the findings of Iwasaki and cols. (45) which indicate that BChEA is associated
with the parameters of adiposity, serum lipid profile and
the degree of insulin resistance. This current study suggests that BCHEA activities were more frequently correlated to obesity and metabolic syndrome disorder than to
just the β-cell dysfunction in the CHE2 C5- DM1 group.
In patients with the CHE2 C5+ phenotype, no differences in the mean values of BChEA were observed when
DM1 and DM2 were compared (Table 5), other than the
Table 5. DM1 and DM2 patients with CHE2 C5+ phenotype
Variables

DM1 (n)

DM2 (n)

t (p)

Age (years)

22.36 ± 5.21 (14)

58.35 ± 8.99 (20)

13.4 (< 0.0001)

Height (m)

1.63 ± 0.08 (13)

1.57 ± 0.10 (20)

1.7 (> 0.05)

BMI (kg/m )

23.10 ± 3.74 (13)

30.75 ± 4.72 (20)

4.9 (< 0.0001)

SP (mmHg)

122.31 ± 16.91 (13)

144.00 ± 18.47 (20)

3.4 (< 0.01)

DP (mmHg)

77.69 ± 11.66 (13)

88.50 ± 12.26 (20)

2.5 (< 0.05)

2

HbA1c (%)

9.20 ± 2.37 (14)

8.75 ± 1.99 (20)

0.6 (> 0.50)

203.93 ± 107.33 (14)

182.80 ± 58.63 (20)

0.7 (> 0.40)

Apo B (mg/dL)

83.64 ± 25.97 (14)

112.25 ± 31.48 (20)

2.8 (< 0.01)

TC (mg/dL)

169.14 ± 33.62 (14)

217.65 ± 57.01 (20)

2.8 (< 0.01)

TG (mg/dL)

75.64 ± 40.50 (14)

151.65 ± 71.13 (20)

3.6 (< 0.01)

1.83 ± 0.21 (14)

2.14 ± 0.20 (20)

4.4 (< 0.001)

HDL-C (mg/dL)

50.00 ± 16.11 (14)

46.40 ± 11.06 (20)

0.8 (> 0.40)

I (µUI/mL)

23.06 ± 23.45 (14)

19.42 ± 8.86 (20)

0.6 (> 0.50)

logTG/HDL

0.04 ± 0.02 (14)

0.05 ± 0.01 (20)

1.6 (> 0.10)

HOMA-IR

9.15 ± 6.84 (14)

8.75 ± 4.87 (20)

0.2 (> 0.80)

6.75 ± 1.01

6.95 ± 1.33

0.5 (> 0.60)

26.85 ± 7.93

18.71 ± 8.23

2.9 (< 0.01)

GLC (mg/dL)

logTG

BChEA activities
BChEA (kU/L)
RC5 (%)

BMI: body mass index, WHR: waist-to-hip ratio, SP: systolic pressure, DP: diastolic pressure, GLC:
glucose; TC: total cholesterol, TG: triglycerides, logTG: logarithm of TG.
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DM2 group presenting higher mean values in a majority
of the analyzed variables (except for height, HbA1c, GLC,
and HDL-C). However, RC5 presented a significantly
lower mean value in DM2 when compared with DM1
subjects. When the mean values of the DM1 and DM2
BChE activities were compared with those of the controls (Table 6), statistically significant differences were
shown only in the RC5 of the DM2 group, with lower
mean values than in the controls. Control subjects were
not paired by sex and age, because it has not been demonstrated that the variables of sex and age alter BChEA
in individuals with the CHE2 C5+phenotype (32).
Table 6. BChE activity in DM1 and DM2 patients with CHE2 C5+ phenotype
Control
(n = 27)
Age
(years)

DM1
(n = 14)

41.52 ± 12.73 22.36 ± 5.21

t (p)

DM2
(n = 20)

t (p)

5.4
58.35 ± 8.99
5.0
(< 0.0001)
(< 0.0001)

BChEA
(kU/L)

6.61 ± 1.98

6.75 ± 1.01

0.2
(> 0.80)

6.95 ± 1.33

0.7
(> 0.50)

RC5
(%)

25.97 ± 14.89

26.86 ± 7.93

0.3
(> 0.60)

18.71 ± 8.23

1.9
(= 0.05)

Mean ± standard deviation, t-test, sample size (n).

Considering that the CHE2 C5+ obese group also
displays similar metabolic alterations as the CHE2 C5+
DM2 group, the present data concur with the studies
that did not show higher mean values for BChEA but
presented lower mean values for RC5 in obese subjects,
when compared with non-obese subjects in a sample of
the general population of Curitiba (32).
Table 7 shows the t-test results obtained after sample division by the median value (22.9%) of RC5 (obtained from the DM1 and control groups, whose averages
did not differ significantly).
Table 7 includes only variables which presented
mean values with significant differences. The BMI and
TG variables showed lower mean values among the in-

Table 7. Bone mass index (BMI), triglycerides (TG) and in HDL-C according
to the intensity of CHE2 C5+ activitiy
Faint RC5 (n)

Intense RC5 (n)

t (p)

29.76 ± 6.52 (17)

25.58 ± 3.88 (16)

2.2 (< 0.05)

126.94 ± 66.32 (32) 98.21 ± 46.94 (29)

1.9 (= 0.05)

45.87 ± 11.35 (30) 53.88 ± 17.65 (24)

2.0 (< 0.05)

BChEA (kU/L)

6.19 ± 1.65 (32)

7.37 ± 1.26 (29)

3.1 (< 0.01)

RC5 (%)

14.08 ± 5.55 (32)

34.03 ± 7.52 (29)

11.9 (< 0.0001)

BMI (kg/m )
2

TG (mg/dL)
HDL-C (mg/dL)

BChEA activities

Mean ± standard deviation, t-test, sample size (n).
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Table 4. BChE activity in diabetic patients (DM1 and DM2) with CHE2
C5- phenotype according to the bone mass index (BMI)

Butyrylcholinesterase and diabetes mellitus

tense CHE2 C5+ phenotype, and HDL-C presented a
higher mean value in this phenotype. The correlation
(r) of RC5 with BMI, HDL-C and TG are -0.5658,
+0.32537 and -0,4098 respectively. The negative correlation between BMI and RC5 has already been described in an obese sample (32).
The present study suggests that the positive correlations of BChE activities with diabetes mellitus and with insulin resistance may depend on the CHE2 locus variability.
Our observation is that the high values of BChE activities
were associated with insulin resistance only in diabetic patients with CHE2 C5- phenotype, yielding our hypothesis
that the presence of C5 complex, and particularly in a relatively high proportion, contributes to less fat storage and
more protection against Metabolic Syndrome.
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