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Abstract: The study aims to analyze the effect of being overweight and obese on liver function in women of Al
Majma’ah and its impact on their health. A cross-sectional study design and was carried out at different Al Majma’ah
and nearby areas in Saudi Arabia between January 2018 and December 2018. It included 340 female students,
faculty staff, and volunteers aged 2247 years. All participants from different socio-economic groups were inter-
viewed using an administered questionnaire. The study findings showed more extraordinary occurrences of being
overweight and obese in females of the Al Majma’ah region. The study investigated the relationship between elevat-
ed liver enzymes in an obese and overweight female population with the help of liver function tests (AST, ALT, GGT,
and TBIL, etc.). The results have depicted the relationship of fatty liver disease with obesity and being overweight
and the usefulness of measuring liver enzymes as a risk predictor for other chronic diseases. The results concluded
that obese females are at significant risk of developing NALD, as shown by increased triglyceride levels. Increased
ALT also shows that obese females are at a high risk of developing arthritis. Overweight and obese females showed
a significant increase in BMI, WC, WHR, TG, AST, and ALT, increasing the chances of Type Il diabetes. There is an ex-
istence of risk factors that express overt symptoms of metabolic syndrome. Therefore, the study results recommend
a more significant emphasis on the risk prevention of pre-symptomatic individuals. The implications of this paper
state that the majority of the features of metabolic syndrome can be prevented by regular exercise and modest
weight loss. The government can also play a significant role in constructing parks and other recreational activities
for individuals to become physically active and healthy.
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Introduction In addition, 44% of the diabetes burden is attri-

butable to being overweight and obese.
Being overweight and obese can cause major

health problems, including chronic illnesses.
However, the rising pandemic of obesity has
received significant attention in many coun-
tries [1]. The major contributing diseases are
hypertension, diabetes mellitus, fatty liver dis-
ease, cardiovascular diseases, dyslipidemia,
gall bladder diseases, arthritis, and gout. The
development of these diseases poses global

Saudi Arabia has gone through significant
changes in nutritional and lifestyle habits over
the last 30 years. Such changes are expected
to impact the magnitude of chronic diseases in
society, specifically obesity [5]. In 2005, the
estimated prevalence of obesity in Saudi Ara-
bia was 35.5% [6]. In 2010, Saudi Arabia was
ranked 11th for obesity worldwide, with 26.4%
of obese men and 44% of women being obese

health problems that may lead to severe dis-
ability, followed by a negative impact on qua-
lity of life. The American Cancer Society (ACS)
showed a significant increase in mortality
among obese individuals [2, 3]. The WHO [4]
identified that being overweight and obese is
the fifth leading risk for death globally. At least
2.8 million adults die each year due to obesity.

among the general Saudi population [7]. The
data collected in 2004 and 2005 showed that
the overall prevalence of being overweight in
Saudi Arabia was 21% and 13.4% among men
and women, respectively. Among them, 9.3%
of individuals were obese based on the data
collected in 2004 and 2005 from Saudi chil-
dren [8].
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There is an increase in the prevalence of arte-
rial hypertension as the prevalence of obesity
increases [9]. Generalized [10] and central
obesity [11] increases the risk of arterial hy-
pertension. Hyperinsulinemia could represent
one of the pathogenic connections between
obesity and arterial hypertension since high
blood pressure and impaired glucose toleran-
ce are frequently associated with obesity [12].
Age, race, and sex may alter the frequency of
hypertension in obese patients [13]. A strong
association between atherogenic dyslipidemia
is characterized by high triglycerides and low
to high-density lipoprotein (HDL) cholesterol
[14]. While, central obesity is associated with a
triad of high triglycerides, low HDL cholesterol,
and increased to low-density lipoprotein (LDL)
cholesterol [15].

Obesity is considered a risk factor for multiple
heart diseases like coronary artery disease,
heart failure, and atrial fibrillation. The fact
that obesity is a risk factor for coronary artery
disease [16] is confirmed by increased BMI
[17] and increased waist circumference [18].
However, the waist-to-hip ratio can replace the
BMI and waist circumference as a better pre-
dictor of coronary artery disease [19].

Non-alcoholic fatty liver disease (NAFLD) and
non-alcoholic steatohepatitis (NASH) are main-
ly associated with obesity [20, 21], diabetes
[22], hyperlipemia [23, 24], and insulin resis-
tance [25] which are all correlated with meta-
bolic syndrome. As per the recent definition
given by Adult Treatment Panel Il (ATP IlI) [26],
metabolic syndrome is related to five categori-
cal and discrete risk factors, i.e., central obesi-
ty, hypertension, hypertriglyceridemia, and low
levels of high-density lipoprotein, HDL-choles-
terol, and hyperglycemia as per the guidelines
of International Societies or the statement of
the WHO [27]. A recent study by Papandreou
et al. [28] investigated the association bet-
ween MS and NAFLD among obese children.
The study revealed that obese children suffer-
ing from MS were at higher risk of developing
NAFLD. This further suggested that these
health issues should be prevented through
weight management and early prevention as
the first-line treatment. Previous studies have
investigated the correlation of TBIL, GGT, and
ALT with the development of MS [29-33].
However, none of them investigated the corre-
lation of BMI, WC, and FG with the develop-
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ment of MS. Therefore, this study investigates
the association between an elevated liver
enzymes in an obese and overweight females
with the help of liver function tests (AST, ALT,
GGT, and TBIL, etc.) while considering their
BMI, WC, and FG. It further depicts the asso-
ciation of metabolic syndrome with obesity,
being overweight, and the usefulness of mea-
suring liver enzymes as a risk predictor for
other chronic diseases like NAFLD, NASH, and
diabetes type 2, etc. The present study aims
to analyze the effect of being overweight and
obese on the liver function in women of Al
Majma’ah and its impact on their health.

Materials and methods
Study design and samples

This study followed a cross-sectional study
design and was carried out at Al Majma’ah
and other nearby areas in Saudi Arabia bet-
ween January 2018 and December 2018. It
included 340 female students, faculty staff,
and volunteers with an age group of 2247
years. The number of participants (female stu-
dents) was calculated using a sample size cal-
culator, given a confidence interval (95% ClI,
5% level of significance). All participants who
were from different socio-economic groups
were interviewed using an administered ques-
tionnaire. Anthropometrical measurements in-
cluding age, height, weight, waist and hip cir-
cumference, liver function test status were
recorded. A total of 350 female volunteers
participated in this study, out of which ten
patients were excluded based on the interview
and exclusion criteria. The exclusion criteria for
this study included patients with a history of
diabetes mellitus, cardiovascular disease, hy-
pertension, liver disease, and pregnancy.

Ethical considerations

The ethical committee of our university ap-
proved all procedures used in this study of Al
Majma’ah University (Ethical approval no.
64/29952). Moreover, written informed con-
sent was obtained from each patient before
starting the study procedure and analysis.

Data tools and analysis

Height, weight, waist circumference (cm), hip-
waste ratios, and BMI (Kg/m?) were measured
as per the standard procedure. BMI >24.9 kg/
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Table 1. Values of age, BMI, waist circumference, waist-hip ratio, hypertension, triglyceride, HDL-cho-
lesterol, LDL-cholesterol, and Liver enzyme activity expressed by chi-square

Factors Normal Range  Group | (Normal) Group Il (Overweight) Group Il (Obese) P-value
Mean age (years) 29.62+2.54 31.12+2.66 33.79+2.34 -
BMI (Kg/m?) 18.5-24.9 Kg/m?  22.78+0.55 27.69+1.45 37.65+1.37 1.542
Hypertension 120/80 121/65 127/83 130/95 0.537
WC (cm) 85cm 82+0.67 105+3.08 117+3.80 5.048
WHR 0.85 0.79+0.04 0.89+0.20 0.93+0.56 0.545
Cholesterol (mg/dl) <200 mg/dI 157+5.45 164+3.8 184+4.90 3.637
HDL-C >60 mg/dl 52+4.50 45+1.06 42+0.90 6.048
LDL-C <130 mg/dl 1242.02 1384.50 1482.45 2.578
Triglycerides (mg/dl)  <60-150 mg/dl 122.43+9.50 154+7.40 165+3.70 6.048
AST (U/L) 15-31 U/L 18+1.30 29+1.16 38+1.34 3.722
ALT (U/L) 17-35 U/L 21+1.70 34.05+0.16 4242.34 5.315
TBIL (umol/L) 8-10 pymol/L 8+2.15 21.50+2.01 26.04+1.80

“P<0.05 was accepted as significant.

m? was taken as the cut-off value for over-
weight subjects and BMI >30 kg/m? as the
expected value for obese subjects. Waist cir-
cumference was =97 cm and 85 cm as cut-off
values for overweight and obese subjects,
respectively. Five ml venous blood was collect-
ed from each participant by trained medical
staff and immediately transferred to a hepa-
rinized tube. The serum was separated by cen-
trifugation and stored in ependroff at -60°C at
the Department of Physiology, University of
Karachi. TC, HDL-C, TG were analyzed using
colorimetric kit method (Quimica Clinica Apli-
cada S.A., Spain). The concentration of LDL-C
was calculated using Friedewald’s formula as
shown below.

A sample/A standard X standard concentra-
tion = mg/dl|

Commercially available kits from Sigma Aldrich
[1] were used to measure the liver function
tests (AST, ALT, GGT, FB, and TBIL). The proto-
col standards were used as mentioned in the
kits. Other Kits from Quimica Clinica Aplicada
S.A. (Spain) were used to measure AST (SGOT)
and ALT (SGPT). GGT quartiles 1 to 4 in fe-
males with obesity and those who were over-
weight were defined by the cut-off values
11.00 U/L, 15.00 U/L and 21.00 U/L, respec-
tively. The absorbency for the test was calcu-
lated as AA/minX1746 = SGPT or SGOT acti-
vity measured at U/L at 340 nm. The statisti-
cal Package for social science (SPSS version
17.0, Chicago, IL, USA) was used to carry out
the statistical analyses, and significance was
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defined as P<0.05. All the values were
expressed as mean + standard error for com-
paring readings within the group using stu-
dent’s t-test with a significance value P<0.05.
The Chi-square test analyzed the inter-group
differences.

Results

It was found that 30% of the females had
BMIs >30 kg/m? that were considered obese;
whereas, 32.5% of females had BMlIs within
25-29.9 30 kg/m? and were deemed as being
overweight. The ratio of females with obesity
and those who were overweight compared to
normal healthy females was 1:1.6. The mean
waist circumference of overweight females
was 22% compared to normal females; where-
as, in obese females, it was 30%. Cholesterol
levels in both overweight and obese females
reported an insignificant difference as com-
pared to normal individuals. The levels of tri-
glycerides were found to be higher in over-
weight and obese female subjects. In group |
(normal females) and Il (overweight females),
the AST level was found under the normal
range, whereas, in obese females, it was com-
paratively higher than the normal range. The
test values for AST were increased in obese
females (P<0.05) (Table 1).

Table 2 shows the correlation of other vari-
ables with AST. The mean value of cholesterol,
age, BMI, and ALT, GGT, TBIL, and FG were
positively correlated in overweight females. In
obese females, a negative correlation was
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Table 2. Representation of Pearson’s Correlation coefficient of AST with different parameters of over-
weight and obese female groups

Groups Age BMI Cholesterol TG AST ALT
Group Il Overweight Females +0.67" +0.10 +0.39 +0.14 -0.12 +0.04
Group Il Obese Females +0.52 +0.82 +0.24 +0.18 +0.46 +0.93"

“P<0.05 was accepted as significant.

Table 3. Prevalence of hypercholesterolemia, hypertriglyceridemia, low HDL-cholesterolemia, high
LDL-cholesterolemia in overweight and obese adult female subjects by chi-square

Frequencies (%)

Variables Total (n = 168) P-value
Group Il (n =94) Group Il (n = 74)
Hypercholesterolemia >200 mg/dI 15 (25%) 6 (14.6%) 21 (21%) 0.436
Hypertriglyceridemia >150 mg/dl 35 (59.3%) 13 (32%) 48 (48%) 4.047
Low HDL-Cholesterol 9 (15.2%) 18 (44%) 27 (27%) 0.443
Females <45 mg/dl 2.636
High LDL-Cholesterol >130 mg/dlI 14 (24%) 7 (17%) 21 (21%) 5.047
AST 15-31 U/L 7 (11.8%) 12 (29.2%) 19 (19%) 1.574
ALT 17-35 U/L 14 (23.7%) 18 (43.9%) 32 (32%) 5.037

found with HDL-C. The mean value was found
under the normal range; whereas, a positive
correlation was reported among LDL-C, BMI,
cholesterol, AST, and ALT.

The frequencies of hypercholesterolemia, hy-
pertriglyceridemia, low HDL-cholesterolemia,
high LDL-cholesterolemia, ALT, and AST were
found to be 21% (25% in overweight females,
14.6% in obese females), 48% (59% in over-
weight females, 32% in obese females), 27%
(15% in overweight females, 44% in obese
females), 21% (24% in overweight females,
17% in obese females), 32% (14% in over-
weight females, 18% obese females) and 19%
(7% overweight, 12% in obese females), re-
spectively (Table 3). The table showed that
overweight women had a high frequency of
dyslipidemia. It is associated with a sedentary
lifestyle in Saudi Arabia that results from de-
creased physical activity.

In different age groups, the TBIL quartiles 1 to
4 were studied according to the following cut
off values: <8.00 ymol/L, >8.00 TBIL <10.30
pmol/L, >10.30 TBIL <13.40 and >13.40
umol/L. The results show that in the female
population age group >20 to <30 (years) leads
high percentage quartiles of TBIL 26.04%,
which is a young age group in a female with
obesity (Table 4), the results are similar to the
results of ALT and GGT (Tables 5 and 6) in this
age group. This correlates with the age as a
positive variable with increasing risk of meta-
bolic syndrome in the young population.
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Discussion

Obesity plays a significant role in the develop-
ment of the liver disease and is a well-defined
etiology [19]. The study showed extraordinary
occurrences of being overweight and obese in
females of the Al Majma’ah region. Several
studies supported similar outcomes in many
ethnic groups like African American and Native
Americans etc. [27, 34, 35]. Obesity was about
15% in males and 20% in the female popula-
tion of the United Kingdom and European
countries [27]. The increased TG level in obese
females indicated hyperlipidemia, which is one
of the risk factors of inflammation of the liver
resulting in liver failure [27]. In the present
study, mean AST values among overweight and
obese females did not significantly change.

In contrast, ALT, GGT, and TBIL were signifi-
cantly higher in both overweight and obese
females. These results were parallel to the
early findings that obese people can possess
high levels of serum transaminases compared
to their healthy counterparts [34]. The present
study has attempted to find the correlation
between AST and ALT, GGT, TBIL, FG, age, BMI,
and TG among overweight and obese females.
The results showed a high ALT level compared
to AST, like patients with cirrhosis [35]. Being
overweight and obese is the fifth leading cau-
se of deaths globally [36]. It was thought that
mortality rates associated with no cardiovas-
cular diseases were inversely related to BMI
[24]; however, obesity has shown an increas-
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Table 4. Percentage distribution of TBIL quartiles in different age groups in females who are over-
weight and obese

Percentage distribution (with case number count) in different age subgroup (years)
Age <20 20< age <30 30<age <40 40< age <50 50< age <60 Total

TBIL (umol/L) Group Il

TBIL <8.00 pymol/L 5(15.61%) 7 (20.70%) 5(12.23%) 8(10.72%) 3(12.75%) 8 (14.47%)
8.00< TBIL £10.30 8(20.60%) 4 (22.54%) 5(14.53%) 70 (14.29%) 2(11.64%) 26 (16.95%)
10.30< TBIL £13.40 5 (17.8%) 5(16.24%) 2 (21.50%) 10(13.80%) 4 (12.83%) 6 (16.43%)
TBIL >13.40 3(12.45%) 10(21.62%) 5(15.13%) 12 (10.45%) 5 (13.32%) 5 (17.02%)
Percentage distribution (with case number count) in different age subgroup (years)
TBIL (umol/L) Group llI
Age <20 20<age <30 30<age <40 40< age <60 50< age <60 Total

TBIL <8.00 umol/L 10 (23.65%) 13 (20.70%) 8 (22.54%) 8(23.72%) 9 (15.45%) 48 (21.87%)
8.00< TBIL £10.30 8(22.60%) 7(22.54%) 15 (24.83%) 15 (22.89%) 10 (19.60%) 55 (22.68%)
10.30< TBIL<13.40 26 (17.8%) 22 (26.04%) 20 (20.50%) 20 (20.90%) 18 (24.83%) 106 (23.45%)
TBIL >13.40 15 (16.64%) 20 (23.92%) 15 (25.83%) 12 (23.40%) 20 (20.32%) 82 (25.32%)
P-value 2.646 4.823 0.6472 6.416 6.0588 3.1170

TBIL = total bilirubin, comparing the percentage distribution between different age groups in females with obesity by Chi-
Square method. "P<0.05.

Table 5. Percentage distribution of GGT quartiles in different age groups in the females who were
overweight and obese

Percentage distribution (with case number count) in different age subgroup (years)
Age <20 20< age <30 30<age <40 40<age <50 50< age <60 Total
GGT <£11.00 U/L 5 (22.24%) 7 (23.79%) 5 (22.29%) 8(24.72%)  3(23.75%) 8 (23.35%)
11.00< GGT £15.00 8 (23.60%) 4(27.54%) 5(28.53%) 70(34.29%) 2(31.64%) 6 (22.92%)
15.00< GGT £21.00 5 (23.82%) 5(36.54%) 2(32.50%) 10(39.80%) 4 (22.83%) 26 (31.09%)
GGT >21.00 3 (12.65%) 10 (8.62%) 5(13.14%) 12 (11.35%) 5 (7.32%) 5 (10.62%)
Percentage distribution (with case number count) in different age subgroup (years)
Age <20 20< age <30 30<age <40 40<age <50 50< age <60 Total
GGT £11.00 U/L 10 (22.65%) 13 (25.70%) 8(22.34%) 8(31.72%) 9 (18.45%) 48 (24.17%)
11.00< GGT £15.00 8 (32.60%) 7 (38.54%) 15(26.81%) 15(24.89%) 10 (15.60%) 55 (27.68%)
15.00< GGT £21.00 26 (27.81%) 22 (23.04%) 20(21.50%) 20 (28.90%) 18(14.83%) 106 (23.21%)
GGT >21.00 15 (19.61%) 20(12.41%) 15(10.63%) 12(13.42%) 20(10.12%) 82 (13.24%)
P-value 0.646 8.823" 4.6472 3.416 7.0588 5.3170

GGT = Gamma-glutamyltransferase, comparing the percentage distribution between overweight and obese females by chi-
square method. “P<0.01.

GGT (U/L) Group Il

GGT (U/L) Group I

ed association with overall mortality among It is important to mention that the baseline
adults [25]. The risk of mortality rises among mean HDL-cholesterol levels in the subjects of
individuals with high BMI as these individuals the present study were found below the nor-
are at increased risk of developing vascular mal range (<45 mg/dl for females) as recom-
diseases [26] and cancers [27]. In addition, mended by the National cholesterol education
weight fluctuation is associated with a high program [41, 42]. Low HDL cholesterol in the
risk of overall mortality [34]. Obesity is highly population may have been one factor con-
linked to the development of type 2 diabetes tributing to high CAD rates. The prevalence of
mellitus at all ages [35]. An Increase in the low HDL cholesterol (<45 mg/dl) for females in
BMI [36] and waist circumference [37] leads the Saudi population was 15% for overweight
to an increasing in the risk of type 2 diabetes and 44% for obese females. Many studies [16,
mellitus due to the association between obesi- 39] have shown that high GGT or ALT could be
ty and metabolic syndrome, impaired fasting predictive risk factors for the development of
glucose, and impaired glucose tolerance [38]. T2D independent of BMI. Moreover, GGT could
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Table 6. Percentage distribution of ALT quartiles in different age groups in the females who were over-
weight and obese

Percentage distribution (with case number count) in different age subgroup (years)
Age <20 20< age <30 30< age <40 40<age <50 50< age <60 Total
ALT £13.00 U/L 5(23.74%) 7 (23.79%) 5 (22.29%) 8 (24.72%) 3 (28.75%) 28 (24.65%)
13.00< GGT £16.00 8(13.60%) 4 (20.54%) 5(24.53%) 70(34.29%) 2 (31.64%) 26 (24.92%)
16.00< GGT £22.00 5(18.82%) 5(26.54%) 2(22.50%) 10(19.82%) 4 (22.83%) 26 (23.86%)
GGT >22.00 3 (5.25%) 10 (8.62%) 5 (7.14%) 12 (11.35%) 5 (7.32%) 35 (7.93%)
Percentage distribution (with case number count) in different age subgroup (years)
Age <20 20<age <30 30<age <40 40<age <60 50< age <60 Total
ALT <£13.00 U/L 10 (39.35%) 15(43.45) 8(32.34%) 11(31.72%) 9 (28.45%) 48 (35.02%)
13.00< GGT £16.00 8 (27.50%) 10(39.64%) 15(36.81%) 12 (28.89%) 10 (25.60%) 55 (31.28%)
16.00< GGT £22.00 16 (37.32%) 12 (48.34%) 20(38.50%) 19 (28.90%) 18(21.83%) 106 (38.42%)
GGT >22.00 10 (14.44%) 17 (9.44%) 15 (13.63%) 13 (15.47%) 20 (10.12%) 82 (12.62%)
P-value 10.588" 8.823" 3.588 3.416 7.0588 3.1170
ALT = Alanine aminotransferase, comparing the percentage distribution between overweight and obese females by chi-square

ALT (U/L) Group Il

ALT (U/L) Group IlI

method. "P<0.01.

be a marker of hepatic steatosis or visceral
obesity [4]. A study has also shown an inverse
relationship between insulin sensitivity and
liver function [40]. On the contrary, a normal-
functioning liver may contribute to the insulin
sensitivity of the whole body [16]. The study
implications state that the majority of the fea-
tures of metabolic syndrome can be prevented
by regular exercise and modest weight loss.

The government can also play a significant role
in constructing parks and other recreational
activities for individuals to become physically
active and healthy. The primary prevention of
metabolic syndrome may even involve the
administration of anti-obesity drugs in extreme
cases. However, the study results were limited,
as a small sample size was considered for this
study from a small region. Moreover, there was
no diagnosis made for NAFLD, with high sensi-
tivity and specificity. The estimations were in-
evitable because the potential impact on the
prevalence and the observed risk factors in
the study were based on the screening of an
elderly population that was recruited from a
single area.

Conclusion

The present study has found the percentage of
women in a population that has been facing
challenges with being overweight and with
obesity. It has investigated the relationship
between elevated liver enzymes in an obese
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and overweight female with the help of liver
function tests (AST, ALT, GGT, and TBIL, etc.).
The results concluded that obese females are
at significant risk of developing NALD, as sh-
own by increased triglyceride levels. Increased
ALT also shows that obese females are at a
high risk of developing arthritis. Overweight
and obese females showed a significant in-
crease in BMI, WC, WHR, TG, AST, and ALT,
increasing the chances of Type Il diabetes.

Acknowledgements

The author would like to thank Deanship of
Scientific Research at Majmaah University for
supporting this work under project Number no.
R-2021-149.

Disclosure of conflict of interest
None.

Address correspondence to: Johra Khan, Depart-
ment of Medical Laboratories, College of Applied
Medical Sciences, Majmaah University, Al-Maj-
maah 11952, Saudi Arabia. Tel: +966-538077360;
E-mail: j.khan@mu.edu.sa; khan.johra@gmail.com

References

[1] GBD 2015 Obesity Collaborators, Afshin A, Fo-
rouzanfar MH, Reitsma MB, Sur P, Estep K, Lee
A, Marczak L, Mokdad AH, Moradi-Lakeh M,
Naghavi M, Salama JS, Vos T, Abate KH, Abba-
fati C, Ahmed MB, Al-Aly Z, Alkerwi A, Al-Radda-
di R, Amare AT, Amberbir A, Amegah AK, Amini

Int J Clin Exp Med 2021;14(8):2201-2208



(2]

(3]

(4]

(5]

(6]

Obesity in Saudi females

E, Amrock SM, Anjana RM, Arnlov J, Asayesh H,
Banerjee A, Barac A, Baye E, Bennett DA, Bey-
ene AS, Biadgilign S, Biryukov S, Bjertness E,
Boneya DJ, Campos-Nonato |, Carrero JJ, Ceci-
lio P, Cercy K, Ciobanu LG, Cornaby L, Damtew
SA, Dandona L, Dandona R, Dharmaratne SD,
Duncan BB, Eshrati B, Esteghamati A, Feigin
VL, Fernandes JC, Furst T, Gebrehiwot TT, Gold
A, Gona PN, Goto A, Habtewold TD, Hadush KT,
Hafezi-Nejad N, Hay SI, Horino M, Islami F, Ka-
mal R, Kasaeian A, Katikireddi SV, Kengne AP,
Kesavachandran CN, Khader YS, Khang YH,
Khubchandani J, Kim D, Kim YJ, Kinfu Y, Kosen
S, Ku T, Defo BK, Kumar GA, Larson HJ, Lein-
salu M, Liang X, Lim SS, Liu P, Lopez AD, Loza-
no R, Majeed A, Malekzadeh R, Malta DC, Ma-
zidi M, McAlinden C, McGarvey ST, Mengistu
DT, Mensah GA, Mensink GBM, Mezgebe HB,
Mirrakhimov EM, Mueller UO, Noubiap JJ,
Obermeyer CM, Ogbo FA, Owolabi MO, Patton
GC, Pourmalek F, Qorbani M, Rafay A, Rai RK,
Ranabhat CL, Reinig N, Safiri S, Salomon JA,
Sanabria JR, Santos IS, Sartorius B, Sawhney
M, Schmidhuber J, Schutte AE, Schmidt Ml,
Sepanlou SG, Shamsizadeh M, Sheikhbahaei
S, Shin MJ, Shiri R, Shiue |, Roba HS, Silva DAS,
Silverberg JI, Singh JA, Stranges S, Swamina-
than S, Tabarés-Seisdedos R, Tadese F, Tedla
BA, Tegegne BS, Terkawi AS, Thakur JS, Tonelli
M, Topor-Madry R, Tyrovolas S, Ukwaja KN,
Uthman OA, Vaezghasemi M, Vasankari T,
Vlassov VV, Vollset SE, Weiderpass E, Werdeck-
er A, Wesana J, Westerman R, Yano Y, Yonemo-
to N, Yonga G, Zaidi Z, Zenebe ZM, Zipkin B
and Murray CJL. Health effects of overweight
and obesity in 195 countries over 25 years. N
Engl J Med 2017; 377: 13-27.

Clark JM, Brancati FL and Diehl AM. The preva-
lence and etiology of elevated aminotransfer-
ase levels in the United States. Am J Gastroen-
terol 2003; 98: 960-967,

Ahn MB, Bae WR, Han KD, Cho WK, Cho KS,
Park SH, Jung MH and Suh BK. Association be-
tween serum alanine aminotransferase level
and obesity indices in Korean adolescents. Ko-
rean J Pediatr 2015: 58: 165-71.

World Health Organization. Obesity and over-
weight. Geneva: WHO; 2012.

Al-Shehri HM, Al-Qahtani AM, Shaikh IA, Has-
san MA, Al-Qahtani NS, Al-Qahtani AM and Ala-
bas MA. Assessment of lifestyle and eating
habits among undergraduate students in Na-
jran University, Najran, Saudi Arabia. Int J Med
Sci Public Health 2017: 6: 1.

Khan J. Magnesium deficiency and its correla-
tion with insulin resistance in obese females in
Majmaabh. Int J Pharm Sci Rev Res 2018; 237:
117-119.

2207

(7]

(8]

)

(10]

(11]

[12]

(13]

(14]

(15]

(16]

[17]

(18]

[20]

Khan J, Alaidarous MA and Naseem A. Dyslip-
idemia relationship with socioeconomic status
in East Champaran Population. International
Journal of Pharmaceutical Research & Allied
Sciences 2020; 9.

El Mouzan M, Foster PJ, Al Herbish AS, Al Sal-
loum AA, Al Omer AA, Qurachi MM and Keco-
jevic T. Prevalence of overweight and obesity in
Saudi children and adolescents. Ann Saudi
Med 2010; 30: 203-208.

Farrell GC. Non-alcoholic steatohepatitis: what
is it, and why is it important in the Asia-Pacific
region? J Gastroenterol Hepatol 2003; 18:
124-138.

Freedland ES. Role of a critical visceral adi-
pose tissue threshold (CVATT) in metabolic
syndrome: implications for controlling dietary
carbohydrates: a review. Nutr Metab 2004; 1:
1-24.

Gallagher D, Heymsfield SB, Heo M, Jebb SA,
Murgatroyd PR and Sakamoto Y. Healthy per-
centage body fat ranges: an approach for de-
veloping guidelines based on body mass index.
Am J Clin Nutr 2000: 72: 694-701.

Guzzaloni G, Grugni G, Minocci A, Moro D and
Morabito F. Liver steatosis in juvenile obesity:
correlations with lipid profile, hepatic biochem-
ical parameters and glycemic and insulinemic
responses to an oral glucose tolerance test. Int
J Obes Relat Metab Disord 2000; 24: 772-776.
Hoy MK, Heshka S, Allison DB, Grasset E,
Blank R, Abiri M and Heymsfield SB. Reduced
risk of liver-function-test abnormalities and
new gallstone formation with weight loss on
3350-kJ (800-kcal) formula diets. Am J Clin
Nutr 1994; 60: 249-254.

Bamba V and Rader DJ. Obesity and athero-
genic dyslipidemia. Gastroenterology 2007;
132:2181-2190.

Kichian K, McLean R, Gramlich LM, Bailey RJ
and Bain VG. Nonalcoholic fatty liver disease
in patients investigated for elevated liver en-
zymes. Can J Gastroenterol 2003; 17: 38-42.
Klein S, Wadden T and Sugerman HJ. AGA
technical review on obesity. Gastroenterology
2002; 123: 882-932.

Kopelman PG. Obesity as a medical problem.
Nature 2000; 404: 635-643.

Lee RG. Nonalcoholic steatohepatitis: a study
of 49 patients. Human Pathol 1989; 20: 594-
598.

Lonardo A, Adinolfi LE, Loria P, Carulli N, Rug-
giero G and Day CP. Steatosis and hepatitis C
virus: mechanisms and significance for hepat-
ic and extrahepatic disease. Gastroenterology
2004; 126: 586-597.

Vozarova B, Stefan N, Lindsay RS, Saremi A,
Pratley RE, Bogardus C and Tataranni PA. High

Int J Clin Exp Med 2021;14(8):2201-2208



[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Obesity in Saudi females

alanine aminotransferase is associated with
decreased hepatic insulin sensitivity and pre-
dicts the development of type 2 diabetes. Dia-
betes 2002; 51: 1889-1895.

Wannamethee G, Ebrahim S and Sha-
per AG. Gamma-glutamyltransferase: determi-
nants and association with mortality from
ischemic heart disease and all causes. Am J
Epidemiol 1995; 142: 699-708.
Wannamethee SG, Shaper AG, Lennon L and
Whincup PH. Hepatic enzymes, the metabolic
syndrome, and the risk of type 2 diabetes in
older men. Diabetes Care 2005; 28: 2913-
2918.

Cummings DE and Schwartz MW. Genetics
and pathophysiology of human obesity. Annu
Rev Med 2003; 54: 453-471.

Ebbeling CB, Pawlak DB and Ludwig DS. Child-
hood obesity: public-health crisis, common
sense cure. Lancet 2002; 360: 473-482.
Emdin M, Pompella A and Paolicchi A. Gamma-
glutamyltransferase, atherosclerosis, and car-
diovascular disease: triggering oxidative stress
within the plaque. Circulation 2005; 112:
2078-2080.

Fei GA, Pan JM, Hou XH, Fang QC, Lu HJ, Tang
JL, Gu HL, Pan ZJ, Yao YH, Shen WZ and Jia WP.
Liver enzymes concentrations are closely re-
lated to prediabetes: findings of the Shanghai
diabetes study Il (SHDS Il). Biomed Environ Sci
2012; 25: 30-37.

Fraser A, Harris R, Sattar N, Ebrahim S, Smith
GD and Lawlor DA. Alanine aminotransferase,
y-glutamyltransferase, and incident diabetes:
the British women’s heart and health study
and meta-analysis. Diabetes Care 2009; 32:
741-750.

Papandreou D, Karavetian M, Karabouta Z and
Andreou E. Obese children with metabolic syn-
drome have 3 times higher risk to have nonal-
coholic fatty liver disease compared with those
without metabolic syndrome. Int J Endocrinol
2017; 2017: 2671692.

Nannipieri M, Gonzales C, Baldi S, Posadas R,
Williams K, Haffner SM, Stern MP and Ferran-
nini E. Liver enzymes, the metabolic syndrome,
and incident diabetes: the Mexico city diabetes
study. Diabetes Care 2005; 28: 1757-1762.
Ishizaka N, Ishizaka Y, Toda E, Nagai R and Ya-
makado M. Association between serum uric
acid, metabolic syndrome, and carotid athero-
sclerosis in Japanese individuals. Arterioscler
Thromb Vasc Biol 2005; 25: 1038-1044.

2208

(31]

(32]

(33]

[34]

(35]

(36]

(37]

(38]
[39]

[40]

[42]

Perera S, Lohsoonthorn V, Jiamjarasrangsi W,
Lertmaharit S and Williams MA. Association
between elevated liver enzymes and metabolic
syndrome among Thai adults. Diabetes Metab
Syndr 2008; 2: 171-178.

Wei C, Ford A, Hunt L, Crowne EC and Shield JP.
Abnormal liver function in children with meta-
bolic syndrome from a UK-based obesity clinic.
Arch Dis Child 2010; 96: 1003-1007.

Zhang L, Ma X, Jiang Z, Zhang K, Zhang M, Li Y,
Zhao X and Xiong H. Liver enzymes and meta-
bolic syndrome: a large-scale case-control
study. Oncotarget 2015; 6: 26782-26788.
Greenfield JR and Campbell LV. Insulin resis-
tance and obesity. Clin Dermatol 2004; 22:
289-295.

Grundy SM, Brewer HB Jr, Cleeman JI, Smith
SC Jr and Lenfant C; American Heart Asso-
ciation; National Heart, Lung, and Blood Insti-
tute. Definition of metabolic syndrome: report
of the National Heart, Lung, and Blood Insti-
tute/American Heart Association conference
on scientific issues related to definition. Circu-
lation 2004; 109: 433-438.

Bacon BR, Farahvash MJ, Janney CG and
Neuschwander-Tetri BA. Nonalcoholic steato-
hepatitis: an expanded clinical entity. Gastro-
enterology 1994; 107: 1103-1109.

Bakerman S. ABC'’s of interpretive laboratory
data. Greenrille, NC, USA: Interpretive Labora-
tory, 1984. Inc.

Bray GA. Overweight is risking fate. West J Med
1984; 140: 779-80.

World Health Organization. The global burden
of disease: 2004 update. Geneva: WHO; 2008.
Matteoni CA, Younossi ZM, Gramlich T, Boparai
N, Liu YC and McCullough AJ. Nonalcoholic
fatty liver disease: a spectrum of clinical and
pathological severity. Gastroenterology 1999;
116: 1413-9.

Khan J, Alaidarous MA and Naseem A. Dys-
lipidemia relationship with socioeconomic sta-
tus in East Champaran population. Interna-
tional Journal of Pharmaceutical Research &
Allied Sciences 2020; 9: 1-13.

Khan J. Magnesium deficiency and its correla-
tion with insulin resistance in obese females in
Majmaabh. Int J Pharm Sci Rev Res 2018; 49:
117-119.

Int J Clin Exp Med 2021;14(8):2201-2208



