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Abstract: Obesity is described as an asymmetrical body weight for height with an extreme growth of adipose tissue that is
usually with the highest risk of disordered lipid profile. Obesity is caused by a sequence of excessive food intake, absence of
physical motion, and hereditary predisposition. A few instances are caused primarily by genes, endocrine dysfunctions,
medicines, or mental confusion. BMI gives a simple numeric test of obesity. BMIs below 20.0kg/m2 and above 25.0kg/m2 has
been connected with significant various health problems and most of mortality incidence causes. The recent investigations
indicate a relationship between obesity, acetylcholinesterase (AChE) activities, and short-term weight loss in obese. A total of
39 female students, 18-35 years old, involved in this investigation to evaluate the relationship between body mass index (BMI),
blood lipid, and AChE in female’s university students. The present study reveals a strong correlation between BMI and lipid
profile. As well, there is a weak negative relation between AChE and BMI in current work. But, All results of AChE in the
present results within the reference range. Further long-term studies with a higher number and different types of sexes will be
needed to validate and complete evaluate the specific relation between obesity and AChE.
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1. Introduction
Obesity is the most current nutritional disturbance in
society and the vital risk factor for various related disorders
[1-2]. Obesity is defined as excess body fat has grown in the
body and builds a disadvantageous effect on health. Obesity
is estimated for BMI and the waist-hip ratio [3-4]. A recent
investigation reported that obesity could induce a definite and
distinct reduction in brain size. Obesity also has been linked
with significant brain atrophy, cognitive impairment, an
elevation in AChE, and cholinergic response [4-6].
Accumulating proof from experimental and clinical
investigations propose that imbalanced cholinergic response

can drive to adverse consequences [2-4] Moreover, studies
recommend that raised central sympathetic activity plays a
crucial role in the etiology and complications of obesityrelated metabolic disturbances [4-5]. Therefore, getting the
complex pathways underlying the metabolic disorders and
treatment options to reverse the adverse metabolic phenotype
has
become
of
utmost
importance
[3-6].
Butyrylcholinesterase (BChE) is suspected of being involved
in lipoprotein metabolism and has also been associated with
the pathogenesis of the inflammatory disease, one of the
potential complications related to obesity [5-7]. The recent
finding indicated that short-term weight loss in obese intact
female Beagle dogs resulted in opposite effects in two
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cholinesterase isoenzyme activities, specifically lower BChE
and induce the elevation in AChE activities [3, 8-10]. In this
study, we will examine to find the correlation between
obesity, acetylcholinesterase, lipid profile, and BMI in
females university students [10-13].

2. Subjects and Methods

distribution of variables, comparisons between groups for
categorical variables were evaluated using Chi-square test
(Fisher or Monte Carlo). ANOVA was applied to compare
between more than two groups for normally distributed
quantitative variables, and observed by Post Hoc test (Tukey)
for pairwise comparison. Pearson coefficient was applied to
correlate between quantitative variables. The significance of
the achieved results was concluded at the 5% level.

2.1. Subjects
A total of 39 female students (18-35 years old) were
involved in this investigation. The evaluation takes place in
the period 2018-2019. Ethical approval of all procedures
performed in this study was approved by the institutional
research committees in both participating hospitals,
university, and accordance with the ethical standards of the
1964 Helsinki Declaration 2008. Informed consent was
collected from all individual participants incorporated in the
study. Written consent sign by each participant after a full
description of the method of the investigation. All students
have the freedom to leave the study without any reason and
warning of a trial.

3. Result
Table 1 outlined the data and results of the correlation
between BMI and various parameters. According to Evans
(1996) who submits for the absolute value of r: 0.00-0.19:
“very weak”, 0.20-0.39: “weak”, 0.40-0.59: “moderate”,
0.60-0.79: “strong”, 0.80-1.0: “very strong”. There is a
positive correlation between triglyceride, LDL, and BMI as
well a negative correlation between HDL and BMI. As well,
there is a very weak correlation between Cholinesterase,
(AChE, and BMI (table 1, figures 1-3).
Table 1. Correlation between BMI and parameters (n=39).

2.2. Methods
2.2.1. Anthropometrics
Weight and height were collected with a digital medical.
BMI was determined using weight (in kilograms) divided by
the height squared (in square meter). Ideal body weight
(IBW) was studied as the weight for BMI=25kg/m2 [14].
2.2.2. Laboratory Investigations
i. Biochemical tests
All-blood tests were drawn following a 12-h fast and
included lipids profile. Total cholesterol, triglyceride, highdensity lipoprotein (HDL cholesterol), low-density
lipoprotein (LDL cholesterol) was measured in Abu-Arish
general hospital Jazan in Saudi Arabia using Hitachi
automatic analyzer c501 biochemistry.
ii. Serum AChE analysis
Serum specimens were frozen at −80°C until AChE
investigation. The activity of AChE was determined by the
kinetic colorimetric method according to Deutsche (1992) on
the ARCHITECT cSystems [15]. The method uses
butyrythiocholine as the specific substrate for cholinesterase
(CHE) that catalyzes the hydrolysis of butyrythiocholine
substrate forming butyrate and thiocholine. Thiocholine
reduces hexacyanoferrate (III) to hexacyanoferrate (II). The
diminished in absorbance is directly proportional to the CHE
activity in the sample. The experimental assay was run on the
ARCHITECT cSystems in Poison Control and Medical
Forensic Chemistry Center, Ministry of Health, Jazan,
Kingdom of Saudi Arabia [15].
2.2.3. Statistic
Data were supplied to the computer and examined using
IBM SPSS software package version 20.0. (Armonk, NY:
IBM Corp). The Kolmogorov-Smirnov, Shapiro and
D’agstino tests were applied to confirm the normality of

Cholesterol (mmol/L)
Triglyceride (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
Cholinesterase (U/L)

BMI (kg/m2)
R
0.003
0.331*
-0.577*
0.343*
-0.120

p
0.986
0.040*
<0.001*
0.033*
0.468

R: Pearson coefficient.
*: Statistically significant at p≤0.05.

Figure 1. Correlation between BMI (kg/m2) and Triglyceride (mmol/L)
(n=39).

Figure 2. Correlation between BMI (kg/m2) and HDL (mmol/L) (n=39).
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Figure 3. Correlation between BMI (kg/m2) and LDL (mmol/L) (n=39).

Table 2 represented the relation between BMI type and
lipid profile parameters as well cholinesterase, the data
described as Mean±SD. Serum cholesterol dates were
represented as Mean±SD (4.1±0.8, 4.3±1.0, 3.9±0.7, 4.1±1.0)
in underweight, normal weight, overweight, obesity groups
respectively as compared to each other while normal range
(4–6.8mmol/L), figure 4. Triglyceride levels in serum were
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represented as Mean±SD. The results showed (0.9±0.2,
1.0±0.5, 1.3±0.5, 1.3±0.6) in underweight, normal weight,
overweight, obesity groups respectively as compared to each
other while normal range (1-1.2 mmol/L), figure 4. Serum
HDL were represented as Mean±SD in different studied
groups (2.0±0.5, 1.8±0.6, 1.4±0.1, 1.2±0.3) in underweight,
normal weight, overweight, obesity groups respectively as
compared to each other while normal range (1-2.2mmol/L).
LDL levels in serum were represented as Mean±SD in
different studied groups (1.9±0.4, 2.4±0.6, 2.3±0.6, 2.7±0.8)
in underweight, normal weight, overweight, obesity groups
respectively as compared to each other while normal range
(1.8–4.5mmol/L), figure 4. Cholinesterase levels in serum
were represented as Mean±SD in different studied groups
(8060±1674, 7887±1496, 8992±1453, 7534±1238) in
underweight, normal weight, overweight, obesity groups
respectively as compared to each other while normal range
(4389–10928U/L), figure5. Table 3 represents the percent of
normal case of lipid profile parameters as well cholinesterase
in different studied group, figures 6, 7.

Table 2. Relation between BMI type and parameters (n=39).
2

Cholesterol (mmol/L)
Median (Min.–Max.)
Mean±SD.
Triglyceride (mmol/L)
Median (Min.–Max.)
Mean±SD.
HDL (mmol/L)
Median (Min.–Max.)
Mean±SD.
LDL (mmol/L)
Median (Min.–Max.)
Mean±SD.
Cholinesterase (U/L)
Median (Min.–Max.)
Mean±SD.

BMI type (kg/m )
Underweight (n=7)

Normal weight (n=6)

Overweight (n=4)

Obesity (n=22)

3.9 (3.1–4.5)
4.1a±0.8

4 (3.6–6.2)
4.3a±1.0

3.7 (3.4–4.9)
3.9a±0.7

0.9 (0.6–1.3)
0.9a±0.2

0.9 (0.5–1.9)
1.0a±0.5

1.7 (1.6–3)
2.0a±0.5

F

p

4.1 (2.6–5.8)
4.1a±1.0

0.158

0.924

1.3 (0.8–1.9)
1.3a±0.5

1.3 (0.4–2.4)
1.3a±0.6

1.367

0.269

1.5 (1.3–2.7)
1.8a±0.6

1.3 (1.2–1.5)
1.4ab±0.1

1.2 (0.6–1.8)
1.2b±0.3

8.834*

<0.001*

2 (1.3–2.3)
1.9a±0.4

2.4 (1.3–3.1)
2.4a±0.6

2.2 (1.7–3.2)
2.3a±0.6

2.8 (1.2–4.3)
2.7a±0.8

1.942

0.141

8288 (4895–9716)
8060a±1674

8009 (5584–9868)
7887a±1496

9075 (7289–10528)
8992a±1453

7510 (5658–10290)
7534a±1238

1.354

0.273

Underweight=<18.5 Normal weight=18.5–24.9 Overweight=25–29.9 Obesity=BMI of 30 or greater.
F: F for ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc test, (Tukey).
p: p value for comparing between the different categories.
Means with Common letters are not significant (i.e. Means with Different letters are significant).
*: Statistically significant at p≤0.05.

Figure 4. Relation between BMI type and lipid parameters in different
studied groups (n=39).

Figure 5. Relation between BMI type and Cholinesterase (U/L) in different
studied group (n=39).
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Table 3. The percent of normal case of different studied parameters in different studied groups (n=39).

Cholesterol (mmol/L) (4–6.8)
Triglyceride (mmol/L) (0.4–2.1)
HDL (mmol/L) (1–2.2)
LDL (mmol/L) (1.8–4.5)
Cholinesterase (U/L) (4389–10928)

BMI Type
Underweight (n=7)
3 (42.9%)
7 (100%)
5 (71.4%)
5 (71.4%)
7 (100%)

Normal weight (n=6)
3 (50%)
6 (100%)
5 (83.3%)
5 (83.3%)
6 (100%)

Overweight (n=4)
1 (25%)
4 (100%)
4 (100%)
3 (75%)
4 (100%)

Obesity (n=22)
12 (54.5%)
19 (86.4%)
14 (63.6%)
19 (86.4%)
22 (100%)

χ2

p

1.374
1.431
2.182
1.654
-

0.802
0.827
0.547
0.790
-

Underweight=<18.5 Normal weight=18.5–24.9 Overweight=25–29.9 Obesity=BMI of 30 or greater.
χ2: Chi square test.
p: p value for comparing between the different categories.

Figure 6. The percent of normal sample of lipid parameters indifferent
studied groups (n=39).

Figure 7. The percent of Cholinesterase (U/L) normal case of different
studied groups (n=39).

4. Discussion
Obesity is a chronic condition identified by excessive
accumulation of body fat that is detrimental to health, as it is
connected with critical metabolic complications, such as
chronic inflammation, heart disorder atherosclerosis, lipid
metabolic disorder and other. [16-18]. Obesity is represented
as a BMI of 30kg/m2or higher and is recognized to be one of
the fastest expanding health obstacles in the modern world
[17, 18]. In this present research, there is a positive
correlation between triglyceride, LDL, and BMI as well a
negative association between HDL and BMI, these results
agree with the previous report which confirmed that a
positive relationship between lipid profile and BMI as well as

a negative correlation between HDL and BMI [17, 18]. As
well, there is a very weak negative correlation between
AChE and BMI and the data of AChE within the normal
range in all studied groups. This result disagrees with
previous work that showed that serum AChE activity raises
with BMI in a dose-dependent and reach the plateau phase at
BMIs above 30–35kg/m2 [19].
The autonomic nervous system is the division of the
nervous system that regulates internal body functions as well
subdivided into the sympathetic nervous system that
responsible for the fight-or-flight response and the
parasympathetic nervous system that functions for rest and
digest as an example. Obesity is marked by the sympathetic
nervous system (SNS) control in the basal state and
decreased SNS responsiveness after various sympathetic
stimuli [20, 21]. In another study group of morbidly obese,
the reduction in body weight was connected with a rise in the
indices of parasympathetic nervous system activity, which
are inversely related with sympathetic neural action and
maybe imbalanced in the parasympathetic cholinergic
response and inflammation [22]. Accumulating data from
laboratory and clinical investigations implies that imbalanced
cholinergic response can lead to adverse outcomes [23, 24].
Additionally, recent studies suggest that increased central
sympathetic activity plays a pivotal role in the etiology [25]
and complications [26] of obesity-related metabolic
disorders. Therefore, understanding and evaluating pathways
of the metabolic homeostasis in case of obesity and
cholinergic response can help treatment options to reverse the
adverse metabolic complication issues and has become an
urgent need [27].
The parasympathetic neurotransmitter, acetylcholine
(ACh), has proved an ability to prevent inflammation by
inhibition of cytokine synthesis and discharge [28, 29] still, it
is notably labile and challenging to serve for clinical
measurements [30]. ACh is hydrolyzed by two homologous
enzymes
acetylcholinesterase
(AChE)
and
butyrylcholinestersase (BChE) in the serum [16]. AChE and
BChE have various physiological roles depending on their
localization and time of expression [31]. The enzymatic
activities AChE and BChE have been recommended as
surrogate markers of low-grade systemic inflammation in
obesity and other metabolic dysfunctions while tissuespecific, low-grade inflammation is difficult to detect and
confirm [30, 31].
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Cholinesterase
also,
known
as
acetylcholine
acetylhydrolase EC 3.1.1.7, is located in erythrocytes, in the
lungs, spleen, and the grey matter of the brain.
Pseudocholinesterase (CHE), also pointed to as acylcholine
acylhydrolase EC 3.1.1.8, is detected in serum, liver,
pancreas, heart, and the white matter of the brain. CHE is
beneficial to diagnose liver disorders such as hepatitis,
cirrhosis, carcinoma with metastasis, sensitivity to
succinylcholine administration, and pesticide poisoning [15,
19]. Levels of CHE decrease in all of the diseases above. On
the other hand, AChE elevation associated with obesity,
metabolic syndrome, and inflammation. However, the
association between morbid obesity and AChE and the
alterations in cholinergic tone following bariatric
laparoscopic sleeve gastrectomy (LSG) surgery-induced
weight reduction never broad investigated. Recently
Shenhar-Tsarfaty et al., 2018 reported that Obesity-related
AChE resistance phenotype may be reversed following LSG
and correlates with metabolic outcomes. They reported that
further long-term studies would be needed to validate and
evaluate the beneficial effect of AChE reduction postbariatric surgery [15, 19].
The pharmacological and toxic actions of AChE inhibitors
consist in inactivation of the enzyme activity following an
increase of synaptic ACh and consequently improved
stimulation of postsynaptic cholinergic receptors in the
central and peripheral nervous systems. According to the
method of action, AChE inhibitors can be arranged into two
groups irreversible and reversible. Reversible, competitive or
non-competitive, inhibitors are protagonists in the
pharmacotherapy of Alzheimer’s disorder signs. Their
therapeutic outcome is based on managing the ACh level by
slowing down its hydrolysis rate [17, 31]. Therefore, these
frequently well-tolerated drugs enhance cholinergic doing so
neurotransmission in forebrain areas and compensate for the
loss of working brain cells. On the other hand, a previous
investigation report that obesity is linked to brain shrinkage
and memory deficits and may participate in the development
of neurodegenerative conditions such as Alzheimer’s Disease
[2, 17, 18, 31].
The present study finds a weak negative correlation
between AChE and obesity disorder. However, the present
study has numerous limitations. First, we did not make
follow up studies for weight loss and weight gain as previous
investigations. So, we require that the follow-up period is a
one-year weight loss process and one-year weight regains
process. Second, the data were possible only for small
sample numbers (39 female students). Thus, further studies
with higher sample numbers as well both different-sexes
male and female will be needed to evaluate if there is a
relationship between AChE activity and obesity or not. Thus,
more investigation will be helpful in the treatment of obesity
neuroinflammatory diseases.

5. Conclusion
In conclusion, there is a positive correlation between
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triglyceride, LDL, and BMI as well a negative association
between HDL and BMI in the present work. The current
study also reveals that AChE has a weak negative
relationship with obesity in female university students that
will need further investigation and inquires to offer a new
treatment of brain, obesity, and metabolic disorder.
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