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BACKGROUND. Due to its role as a risk factor for the emergence of metabolic illnesses including type 2 diabetes, cardio-
vascular disease, and certain cancers with pandemic evolution, obesity is a serious public health concern. Diabetes mellitus
type 2 (T2DM) poses a major risk to human health. The byproducts of the breakdown of cholesterol are bile acids, which are
crucial for preserving cholesterol homeostasis. Research indicates that bile acids might control insulin sensitivity, energy
metabolism, and glucose tolerance. Farnesoid X receptors (FXRs) are crucial for controlling bile acid production and hepatic
glucose metabolism. The ligand for FXR The semisynthetic derivative of chenodeoxycholic acid, a bile acid, is obeticholic acid
(OCA). Research indicates that bile acids may be a viable therapeutic target for type 2 diabetes (T2DM) given that therapy
with oleic acid (OCA) enhanced insulin sensitivity and decreased indicators of liver inflammation and fibrosis in individuals
with T2DM and nonalcoholic steatohepatitis (NASH).

AIM. To assess Obeticholic acid’s effectiveness in obese individuals with prediabetes.

MATERIALS AND METHODS. Over the course of three months, we performed a randomized single blind placebo controlled
trial on eighty-two overweight and obese patients with prediabetes in the outpatient clinic at Ain Shams University Hospital.
Through block randomization, patients were split into two groups (Group A received daily oral tablets containing 5 mg of
obeticholic acid, while Group B received non-sweet capsules as a placebo). Three follow-up visits were conducted to ensure
adherence and monitor for any emergence of side effects.

RESULTS. 82 patients of matched age and sex criteria who underwent block randomization into 2 equal groups, group (A)
representing cases and group (B) the placebo controlled group, with 3 months’regular follow up showed at end of treatment
statistically significant difference in weight being lower in group (A) with p-value 0.004 with decreased parameters of glyce-
mic profile (Fasting insulin, FPG, HOMA_IR, 2h PP, HbAk) in group (A) with p-value <0.001 except 2hpp which p-value is 0.006.
Also ALT was much decreased in group (A) with p-value <0.001. Lipid profile didn't show significant difference between
2 groups except for TGs which deceased in follow up in group (A) with p-value <0.001. Additionally, it should be highlighted
that there was no statistically significant difference between the control group’s baseline and post-treatment data.
CONCLUSION. In individuals who are overweight or obese and have insulin resistance and prediabetes, activation of FXR
by OCA results in enhanced insulin sensitivity. Patients who received OCA also lost weight.
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INTRODUCTION

Due to its role as a risk factor for the emergence of meta-
bolic illnesses including type 2 diabetes, cardiovascular dis-
ease, and certain cancers with pandemic evolution, obesity
is a serious public health concern [1]. In addition to the phys-
ical impairments associated with obesity and diabetes,
these illnesses pose a significant threat to society’s health
and quality of life. They also have significant psychological
ramifications [2]. One of the main causes of morbidity and
mortality is also metabolic diseases. By 2030, there will be
3.3 billion overweight individuals globally, and more than
400 million people will have diabetes [3]

A condition known as insulin resistance occurs when
the biological impact of a particular insulin concentration
on glucose levels is less than anticipated [4]. The homeo-
stasis model evaluation of insulin resistance index is now
the most viable noninvasive surrogate measure of insulin
resistance. [HOMA-IR = fasting plasma glucose (mmol/L) X
fasting insulin (uIU/mL)/22.5]. Since HOMA-IR is inexpensive,
reproducible, and simple to measure, it is a valuable tool for
identifying insulin resistance. ideal insulin sensitivity in cases
where HOMA-IR is smaller than 1. Significant insulin resist-

ance is indicated by values above 2.9, whereas early insulin
resistance is indicated by levels above 1.9 [5].

Individuals with a fatty liver may be even more predictive
in non-obese patients. Patients at high risk of developing in-
sulin resistance and diabetes are obese, have characteristics
of the metabolic syndrome, or have a family history of type 2
diabetes [6]. Glycemic values that are above normal but be-
low the diabetes threshold characterize prediabetes, an in-
termediate condition of hyperglycemia. A delayed diagnosis
is inevitable when individuals who are insulin-resistant are
not identified and treated in a timely manner [7].

The first medication that targets FXR, obeticholic acid
(OCA), has been shown to be beneficial in treating liver fi-
brosis.The xenosensors Pregnane X receptor (PXR), Consti-
tutive androstane receptor (CAR), and aryl hydrocarbon
receptor (AhR) as well as a number of nuclear receptors, in-
cluding peroxisome proliferator activated receptors (PPARs),
liver X receptors (LXR), and farnesoid X receptor (FXR). In or-
der to preserve the essential role of maintaining nutrition-
al homeostasis between the fed and fasting states, these
transcription factors incorporate changes in environmental
or hormonal cues either directly through gene regulation
or indirectly through cross-talk with other transcriptional
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Figure 1. Mechanism of action of OCA.

regulators. Endocrine disturbance is well-represented by in-
sulin resistance, which arises from the improper activation
of one of the previously listed nuclear receptors [3-5].

FXRs, or farnesoid X receptors, are crucial for controlling
the production of bile acid and the metabolism of glucose
in the liver. The bile acid chenodeoxycholic acid is the semi-
synthetic derivative of the FXR ligand obeticholic acid (OCA).
Research has demonstrated that in individuals with T2DM
and nonalcoholic steatohepatitis (NASH), therapy with OCA
enhanced insulin sensitivity and decreased indicators of liv-
er inflammation and fibrosis [6-8].

It has been demonstrated that obeticholic acid improves
blood enzymes in a number of illnesses, such as primary
biliary cholangitis (PBC, also known as primary biliary cir-
rhosis) and nonalcoholic steatohepatitis (NASH) as shown
in the mechanism of action in figure 1. In 2016, obeticholic
acid received provisional approval for treatment of primary
biliary cholangitis in the United States. It is now being stud-
ied for treatment of other liver disorders, such as nonalco-
holic steatohepatitis (NASH) and primary sclerosing cholan-
gitis (PSC). There are 5 and 10 mg pills of obeticholic acid
available [9].

AIM OF THE STUDY

This research aims to assess the effectiveness of obet-
icholic acid in prediabetic obese subjects.

MATERIALS AND METHODS

Site and time of the study
Study site. Ain Shams University hospital.
Time of the study. From September 2021 till July 2022.

Method

Inclusion criteria: Aged 18-65 years, overweight or obese
(BMI =25), diagnosed with prediabetes (defined as impaired
fasting glucose [IFG]: fasting plasma glucose between
100-125 mg/dl and/or impaired glucose tolerance [IGTI:
a 2-hour plasma glucose between 140-199 mg/dl during

an oral glucose tolerance test [OGTT] and/or HbA, between
5.7-6.4%) using ADA 2022 for diagnosis of prediabetes, nor-
mal liver function tests, and ability to understand and give
informed written.

Exclusion criteria: Obeticholic acid hypersensitivity during
pregnancy or nursing, Treatment with a hypoglycemic drug,
liver disease other than fatty liver, particularly viral hepatitis,
or abnormal renal function (serum creatinine >2 mg/dL).

The withdrawal criteria: failure of follow up or patient
desire.

Sampling method from the study population:

This was a randomized single blinded placebo-con-
trolled clinical trial.

Randomization was used, and all patients underwent
a thorough history, clinical examination, and informed
written consent after being informed about the drug Obet-
icholic acid 5mg and potential side effects such as itching,
fatigue, abdominal pain and discomfort, rashes, mouth and
throat pain, dizziness, constipation, joint pain, differences
in thyroid function, and eczema. They were also advised
to discontinue the medicine and alert the researcher via
the contact number if any ill effects occurred. Investigations
before obtaining medicine include Glycemic profile (fasting
plasma glucose (mg/dl), 2 hours plasma glucose (mg/dl),
fasting insulin (micro unit/ml), HbA, ), HOMA-IR = [fasting
insulin (uIU/mL) x fasting glycaemia (mmol/L)]/22.5, lipid
profile (total cholesterol (mg/dl), LDL (mg/dl), HDL (mg/dl),
triglycerides (mg/dl), serum creatinine, and liver function
tests (ALT).

At second visit (1 month after 1% visit)
Patients were examined on previously informed adverse
effects and compliance.

At third visit (2 months after 2" visit)

Patients were reviewed about any developed side
effects and their compliance. They were subjected to:
Anthropometric parameters and Follow up investiga-
tions after receiving medication for 3 months included
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Glycemic profile (fasting plasma glucose (mg/dl), 2hours
plasma glucose (mg/dl), fasting insulin (micro unit/ml),
HbA, ), HOMA-IR, Lipid profile (total cholesterol (mg/dl),
LDL (mg/dl), HDL (mg/dl), triglycerides (mg/dl)).

Written consent was obtained after explaining the im-
portance of the study, all procedures involved, and the 5%
chance of itching, fatigue, abdominal pain and discomfort,
rashes, mouth and throat pain, dizziness, constipation, joint
pain, differences in thyroid function, and eczema.

Statistical analysis

Version 23 of the Statistical Package for Social Science
(IBM SPSS) was used to enter, edit, and review the data.
Whereas non-parametric data were shown as median with
inter-quartile range (IQR), parametric data were shown
as mean, standard deviations, and ranges. Quantitative
variables were also shown as percentages and numbers.
The following p-value was regarded as significant when
P-value <0.05.

Ethical approval

The research ethics committee of Ain Shams University’s
Endocrinology Department, Faculty of Medicine, accept-
ed the study protocol. The facts of the technique, purpose
of the work, benefits, and hazards of the study disclosed to all
patients. All data collected remained private and was solely
used for research purposes. Protocol number MS 478/2021.

RESULTS

82 patients underwent block randomization into 2 equal
groups, group (A) representing cases and group (B) the pla-
cebo controlled group, table 1 shows a comparison between
case (group A) and control (group B) as regards demograph-
ic data (gender, age) and presence of acanthosis nigricans
with no difference between the two groups.

Comparison between case (group A) and control
(group B) as regards baseline (pre-clinical trial) data includ-
ing BMI, glycemic profile (Fasting insulin, FPG, HOMA_IR,
2h PP, HbAk), liver function test and lipid profile was present-
ed in table 2. there was no significant difference between
the two groups as regards the baseline investigations. With
3 months’ regular follow up showed at end of treatment
statistically significant difference in weight being lower
in group (A) with p-value 0.004 with decreased parameters
of glycemic profile (Fasting insulin, FPG, HOMA_IR, 2h PP,
HbA, ) in group(A) with p-value <0.001 except 2hpp which

p-value is 0. 006. Also ALT was much decreased in group (A)
with p-value <0.001.

Lipid profile didn't show significant difference be-
tween 2 groups except for TGs which deceased in follow up
in group (A) with p-value <0.001 (table 3).

Additionally, it should be highlighted that there was
no statistically significant difference between the control
group’s baseline and post-treatment data (table 4).

But it should be noted that there was a statistically sig-
nificant difference between the case group’s baseline and
post-treatment data as shown in table 5.

There was no any adverse events that occur during
the study.

DISCUSSION

A diverse range of metabolic diseases collectively known
as diabetes mellitus are typified by hyperglycemia, which
can be brought on by either insulin resistance, inadequate
insulin production, or both. Along with the other three main
non-communicable illnesses (cancer, respiratory disorders,
and cardiovascular disease), diabetes mellitus ranks among
the top 10 causes of mortality worldwide and accounts for
approximately 80% of all premature fatalities [9]. Egypt is
among the top nations in the world for the number of per-
sons with diabetes mellitus, with 8.2 million cases in 2017
and an estimated 16.7 million cases in 2045 [10]. Diabetes
mellitus requires increased attention in terms of prevention
and consequences because of its numerous problems and
high cost. Cardiovascular diseases (CVD), including both mi-
crovascular and macrovascular disorders, are the main side
effects of diabetes. Pre-diabetes, with an annual conversion
rate of 5-10%, is the primary risk factor for type 2 diabetes
mellitus; as such, prediabetes cannot be seen as wholly in-
nocuous [11].

Glycemic values that are above normal but below
the diabetes threshold characterize prediabetes, an inter-
mediate condition of hyperglycemia. Prediabetes is defined
by the American Diabetes Association as either impaired
glucose tolerance [IGT] — a 2-hour plasma glucose be-
tween 140-199 (mg/dl) during an oral glucose tolerance test
[OGTT] — or impaired fasting glucose [IFG] — a plasma glu-
cose between 100-125 mg/dl and/or HbA, between 5.7%
and 6.4% [7].

Insulin resistance occurs when a particular insulin con-
centration has a less biological effect on glucose levels
than predicted. To maintain normal glucose tolerance,

Table 1. Comparison between case (group A) and control (group B) as regards demographic data (gender, age) and presence of

acanthosis nigricans

Group (A) Group (B) .
Test value P-value Sig.
No. =41 No. =41
Female 40 (97.6%) 41 (100.0%)
Gender 1.012* 0314 NS
Male 1(2.4%) 0 (0.0%)
Mean + SD 42.90+8.43 39.61+9.61
Age (years) -1.649- 0.103 NS
Range 26-59 20-54
. No 17 (41.5%) 15 (36.6%)
Acanthosis 0.205* 0.651 NS
Yes 24 (58.5%) 26 (63.4%)

Note. P-value >0.05: Non significant; P-value <0.05: Significant; P-value <0.01: Highly significant. *: Chi-square test; «: Independent t-test.
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Table 2. Comparison between case (group A) and control (group B) as regards baseline (pre-clinical trial) data including BMI, glycemic
profile (Fasting insulin, FPG, HOMA_IR, 2h PP, HbA, ), liver function test and lipid profile

Group (A)

Group (B)

Pre Test value P-value Sig.
No. =41 No. =41
i Mean + SD 159.51+3.81 160.59+3.94
Height ean 1.254. 0213 NS
(cm) Range 154-170 153-167
i Mean + SD 100.05+20.05 108.22+17.93
Weight 1.945+ 0.055 NS
(kg) Range 76-160 85-150
BMI Mean + SD 39.20+7.38 42.26+8.18
5 1.783. 0.078 NS
(kg/m?) Range 30.4-61.7 32.7-61.6
inginsulin  Median (IQR 14.1(10.7-18.7 13(10.8-18
Fas.tmg insulin (IQR) ( ) ( ) -0.2095 0,835 NS
(microU/ml)  Range 4.5-40.1 8-41.6
FPG Mean + SD 110.90+9.93 109.34+9.36
(mg/dl) Range 92-129 99-125 -0.732- 0.466 NS
(mmol/l) (6.2+1.6) (6+0.5)
Median (IQR) 4.1(2.8-5.5) 4.4 (3.2-5.6)
HOMA_IR -0.687% 0.492 NS
Range 1.2-12.8 2.1-10.7
2h PP Mean + SD 144.17£9.71 140.61+8.30
(mg/dl) Range 128-162 127-157 -1.786+ 0.078 NS
(mmol/) (8+0.53) (7.8+0.47)
HbA Mean + SD 5.94+0.24 5.91+0.24
e -0.412- 0.681 NS
(%) Range 54-6.4 5.7-6.4
Creat Mean + SD 0.62+0.13 0.63+0.15
(mg/dl) Range 0.45-0.99 0.42-0.99 0.604- 0.548 NS
(umol/I1) (53+11.4) (55.7+£13.2)
Median (IQR 16 (14-21 20 (16-24
ALT (1QR) ( ) ( ) -1.752# 0.080 NS
(IU/L) Range 10-29 7-32
Cholesterol Mean + SD 201.32+39.88 190.29+23.25
(mg/dl) Range 143-341 150-231 -1.529. 0.130 NS
(mmol/I) (5.21+1.03) (4.92+0.6)
LDL Mean + SD 126.34+36.87 117.39+27.43
(mg/d|) Range 75-246 63-156 -1.247. 0.216 NS
(mmol/I) (3.27+0.95) (3.04+0.71)
HDL Mean + SD 48.95+12.54 45.90+8.41
(mg/dl) Range 25-81 31-59 -1.292. 0.200 NS
(mmol/) (1.27+0.32) (1.1940.22)
TGs Mean + SD 144.34+59.51 168.15+53.67
(mg/dl) Range 57-283 85-286 1.902. 0.061 NS
(mmol/I) (1.63+0.67) (1.9+£0.61)

Note. P-value >0.05: Non significant; P-value <0.05: Significant; P-value <0.01: Highly significant. «: Independent t-test; =: Mann-Whitney test.

pancreatic 3 cells secrete more insulin. Insulin resistance
is the first identifiable aberration in the natural history
of type 2 diabetes mellitus, which evolves thro7gh ab-
normalities in both insulin action and production (f cell
dysfunction). Specifically, multiple investigations have
firmly proven that hyperinsulinemia, which develops
in response to insulin resistance, frequently predates
the development of type 2 diabetes mellitus by several
years [12].

Obesity, metabolic syndrome symptoms, or a family
history of Type 2 diabetes mellitus are associated with in-
creased risk of insulin resistance and diabetes while fatty

liver may be even more predictive in non-obese people [13].

The most frequent cause of insulin resistance, obesity, is
linked to both a reduction in receptor count and a failure
of the post-receptor to activate tyrosine kinase. Further-
more, inflammation in obesity occurs in a number of tissues,
including adipose tissue, skeletal muscle, liver, gut, pancre-
atic islet, and brain. This inflammation, along with increased
immune cell polarization and accumulation, may be linked
to metabolic dysfunctions in obesity that result in insulin re-
sistance and type 2 diabetes mellitus [14].

In cases when patients have established vascular prob-
lems and overt diabetes mellitus, a delayed diagnosis
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Table 3. Comparison between case (group A) and control (group B) after end of treatment (post clinical trial) as regards BMI, glycemic
profile (Fasting insulin, FPG, HOMA_IR, 2h PP, HbA1c¢), liver function test and lipid profile

Group(A) Group(B) .
After end of treatment Test value P-value Sig.
No. =41 No. =41
i Mean + SD 96.02-20.11 108.32+17.72
Weight 2,937 0.004 HS
(ka) Range 70-158 85-151
inginsulin Median (IQR) 8(5.9-10) 15(12-17)
Fasting insulin -6.285% <0.001 HS
(microU/ml) Range 3.3-15 9-21
FPG Mean + SD 98.51+7.06 108.29+8.60
(mg/dl) Range 84-114 99-125 5.626¢ <0.001 HS
(mmol/l) (5.5+0.39) (10+0.47)
Median (IQR) 1.9 (1.5-2.6) 3.8(3-5.2)
HOMA_IR -6.452# <0.001 HS
Range 0.9-3.7 22-64
2h PP Mean * SD 134.22+7.63 139.17+8.29
(mg/dl) Range 119-149 126-158 2.815. 0.006 HS
(mmol/l) (7.45+0.42) (7.7+0.46)
HbA Mean * SD 5.78+0.22 5.90+0.25
o 2.398- 0.019 S
(%) Range 5.4-6.4 5.6-6.4
Median (IQR) 15 (14-19) 22 (16-25)
ALT -3.3302 0.001 HS
(IU/L) Range 9-24 7-30
Cholesterol Mean * SD 199.66+32.93 187.59+21.18
(mg/dI) Range 131-319 152-232 -1.974. 0.052 NS
(mmol/I) (5.16%0.85) (4.85+0.61)
LDL Mean * SD 125.51+28.94 117.95+27.06
(mg/dl) Range 78-218 69-157 -1.222 0.225 NS
(mmol/I) (3.25%0.75) (3.05+0.7)
HDL Mean * SD 48.32+11.03 46.34+8.14
(mg/dl) Range 28-73 29-58 -0.923. 0.359 NS
(mmol/l) (1.25%0.29) (1.2+0.21)
TGS Mean * SD 116.46+39.06 169.39+51.93
(mg/dl) Range 60-211 85-268 5.216- <0.001 HS
(mmol/l) (3.01+1.01) (4.38+£0.59)

Note. P-value >0.05: Non-significant; P-value <0.05: Significant; P-value <0.01: Highly significant. «: Independent t-test; # Mann-Whitney test

is inevitable due to inadequate surveillance and care
of insulin-resistant individuals. Therefore, early screening
for insulin resistance should be recommended, at the very
least, in high-risk individuals, such as those with abdominal
obesity, and in relatives of diabetes, in order to effectively
offset the harmful consequences of chronic hyperinsuline-
mia. Currently available treatment methods mostly entail
lifestyle adjustments once insulin resistance has been iden-
tified. However, to successfully address insulin resistance
over the long term, pharmaceutical therapy is frequently re-
quired due to poor adherence to weight-loss programs and
decreased physical activity [15].

After being primarily linked for many years to the in-
testinal lumen’s lipid digestion and the bile’s solubilization
of cholesterol, bile acids (BA) now seem to have a wide range
of metabolic actions as actual hormones that greatly influ-
ence energy homeostasis [16]. On the one hand, bile acids
not only improve lipid transport and intestinal absorption,

but are also inflammatory agents and signaling molecules
that efficiently activate cell signaling pathways that regu-
late glucose, lipids, and energy metabolism [17]. Converse-
ly, an increasing body of research indicates that bile acids
may activate certain receptors that enhance glucose tol-
erance, insulin sensitivity, and energy metabolism, such as
the farnesoid X receptor (FXR) and the transmembrane G
protein-coupled receptor 5 (TGR5) (Bouscarel, 2008) [18].
The activities of these receptors imply that bile acids might
be a possible therapeutic target for treating Type 2 diabetes
mellitus [19].

We have conducted a randomized single blinded placebo
controlled study on 82 overweight and obese patients with
prediabetes at deleted by editor University hospital outpa-
tient clinic throughout 3 months. Patients with matched age
and sex criteria were randomized into two groups (41 per
each group), Group (A) who received Obeticholic acid 5 mg
oral tablets daily and Group (B) who received placebo
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Table 4. Comparison among control group (group B) between baseline (pre-clinical trial) and after end of treatment (post clinical trial)
data as regards BMI, glycemic profile (Fasting insulin, FPG, HOMA_IR, 2h PP, HbA1c), liver function test and lipid profile

Control group (Group B)

Test value P-value Sig.
Pre Post
i Mean + SD 108.22+17.93 108.32-17.72
Weight -0.443. 0.660 NS
(kg) Range 85-150 85-151
inginsulin  Median (IQR) 13(10.8-18) 15(12-17)
Fasting insulin 1,678 0.093 NS
(microU/ml) Range 8-41.6 9-21
FPG Mean + SD 109.3449.36 108.29+8.60
(mg/dl) Range 99-125 99-125 1.160- 0.253 NS
(mmol/l) (6.07+£0.52) (6.01+£0.47)
Median (IQR) 44 (3.2-5.6) 3.8(3-5.2)
HOMA_IR -1.723# 0.085 NS
Range 2.1-10.7 2.2-64
2h PP Mean + SD 140.61+8.30 139.17+8.29
(mg/dl) Range 127-157 126-158 1.635¢ 0.110 NS
(mmol/) (7.81+0.46) (7.73+0.46)
HbA Mean + SD 5.91+0.24 5.90+0.25
o 0.628- 0.534 NS
(%) Range 5.7-6.4 5.6-6.4
Median (IQR) 20 (16-24) 22 (16-25)
ALT -1.866% 0.062 NS
(IU/L) Range 7-32 7-30
Cholesterol Mean + SD 190.29+23.25 187.59+21.18
(mg/dl) Range 150-231 152-232 2.002. 0.052 NS
(mmol/I) (4.92+0.6) (4.85+0.55)
LDL Mean + SD 117.39+27.43 117.95+27.06
(mg/dl) Range 63-156 69-157 -1.024- 0.312 NS
(mmol/l) (3.04+0.71) (3.05+0.7)
HDL Mean + SD 45.90+8.41 46.34+8.14
(mg/dl) Range 31-59 29-58 -1.204+ 0.236 NS
(mmol/I) (1.19+0.22) (1.2+£0.21)
Mean + SD 168.15+53.67 169.39+51.93
TGs (mg/dl)
Range 85-286 85-268 -0.974- 0.336 NS
(mmol/I) (1.9+0.61) (1.91£0.59)

Note. P-value >0.05: Non significant; P-value <0.05: Significant; P-value <0.01: Highly significant. -: Paired t-test; #: Wilcoxon Signed Ranks test

in form of non-sweet capsules for 3 months to evaluate effi-
cacy of Obeticholic acid in obese patients with prediabetes.

In our study, use of Obeticholic acid daily for 3 months
was found to reduce insulin resistance (P<0.001) with im-
proved glycemic parameters (fasting plasma glucose,
HOMA-IR, 2h pp and HbAk).

In a 2014, Daniele et al. discovered that FXR, as a critical
regulatory element of free fatty acid metabolism, had a ben-
eficial therapeutic impact on insulin resistance and type 2
diabetes [20]. Elevated plasma-free fatty acids contribute
to insulin resistance and type 2 diabetes mellitus. Reducing
plasma-free fatty acids was linked to improved insulin sensi-
tivity in type 2 diabetes mellitus patients (P<0.001).

Shihabudeen et al. (2015) found that FXR activation in-
creased the release of anti-inflammatory cytokines and insu-
lin-sensitive adipokines (adiponectin and leptin), and subse-
quently reversed insulin resistance. Insulin resistance is linked

to increased pro-inflammatory cytokines and decreased an-
ti-inflammatory cytokines released by adipose tissue [21].

Type 2 diabetes mellitus and insulin resistance are signif-
icantly regulated by FXR. To validate the treatment efficacy
and mechanism of FXR agonists on type 2 diabetes mellitus,
further research is still required.

At the conclusion of our investigation, patients who took
obeeticholic acid had a highly significant effect on weight
reduction (P<0.001), and this effect was significantly con-
nected with insulin sensitivity.

In a 72-week, randomized controlled trial of Obeticholic acid
(OCA) in non-alcoholic steatohepatitis (NASH) in 2018, Hameed
et al. discovered that OCA causes weight loss in up to 44%
of NASH patients, and that OCA therapy and weight loss have
additive benefits on serum aminotransferases and histology.
These findings emphasize the need of evaluating the concur-
rent metabolic consequences of novel NASH treatments [22].
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Table 5. Comparison among case group (Group A) between baseline (pre-clinical trial) and after end of treatment (post clinical trial) data

as regards BMI, glycemic profile, liver function test and lipid profile

Pr:ase group (Group ‘F\’)ost Test value P-value Sig.

Weiaht Mean + SD 100.05+20.05 96.02+20.11
(kg)g Range 76-160 70-158 8462 <0.001 HS
Fastina insulin Median (IQR) 14.1 (10.7-18.7) 8(5.9-10)
(r?wsiirogU/r;; Range 4.5-40.1 3.3-15 =217 <0001 Hs
EPG Mean + SD 110.90+ .93 98.51+7.06
(mg/dl) Range 92-129 84-114 10.961- <0.001 HS
(mmol/l) (12.2+0.55) (5.4+0.39)

Median (IQR) 4.1 (2.8-5.5) 1.9 (1.5-2.6)
HOMA_IR -5.427# <0.001 HS

Range 1.2-12.8 0.9-3.7
>h PP Mean + SD 145.39+9.94 134.22+7.63
(mg/dl) Range 128-162 119-149 7.076- <0.001 HS
(mmol/l) (8.07£0.52) (7.46+0.42)
HbA,_ Mean + SD 5.94+0.24 5.78+0.22 s 466. 0,001 Hs
(%) Range 5.4-6.4 5.4-6.4
ALT Median (IQR) 16 (14-21) 15 (14-19)
(IU/L) Range 10-29 9-24 2312 0.019 5
Cholesterol Mean + SD 201.32+39.88 199.66+32.93
(mg/dl) Range 143-341 131-319 0.667- 0.509 NS
(mmon/l) (5.21+£1.03) (5.61+0.85)
LDL Mean + SD 126.34+36.87 125.51+28.94
(mg/dl) Range 75-246 78-218 0.378- 0.707 NS
(mmol/I) (3.27%0.95) (3.25%0.75)
HDL Mean + SD 48.95+12.54 48.32+11.03
(mg/dl) Range 25-81 28-73 0.897. 0.375 NS
(mmol/l) (1.27+0.32) (1.25+0.29)
TGs Mean + SD 144.34 +59.51 116.46+39.06
(mg/dl) Range 57-283 60-211 5.163- <0.001 HS
(mmol/I) (1.63+0.67) (1.32£0.44)

Note. P-value >0.05: Non significant; P-value <0.05: Significant; P-value <0.01: Highly significant. -: Paired t-test; #: Wilcoxon Signed Ranks test

In 2019, Nyangasa et al. conducted another study to eval-
uate the connection of body mass index (BMI) and body fat
percentage with cardio metabolic risk factors and discovered
that a high BMI was strongly associated with hypertension.
As a result, effective awareness-raising activities, as well as pri-
mary prevention public health policies, are required to avoid
cardiometabolic illnesses associated by obesity [23]. The FXR
is a key regulator that promotes lipid metabolism and organ-
ismal energy metabolism while also lowering inflammation.
Based on these findings, targeting FXR may be a useful way
to treating obesity-related cardiometabolic disorders.

Despite recent gains in our understanding of the link be-
tween FXRs and obesity, further research is needed to deter-
mine the particular mechanism by which FXR control obesity.

Our study found a substantial decrease in triglycerides
after 3 months of using Obeticholic acid (P<0.001), but no
significant difference in other lipid profile indicators.

In accordance with our findings, Lambert et al. 2003 con-
cluded that FXR deficiency increased hepatic cholesterol, tri-
glycerides, and high-density lipoprotein cholesterol, as well
as a proatherogenic serum lipoprotein profile. FXR activa-
tion can boost lipid metabolism [24].

In 2006, Bilz et al. carried out a clinical study and dis-
covered that chenodeoxycholic acid significantly low-
ers triglycerides (which is consistent with our findings).
On the other hand, it decreases very low-density choles-
terol; the fact that this change in LDL wasn't statistically
significant in our study may be because of its brief dura-
tion [25].

Crucially, no adverse events were found throughout
the course of the trial. All participants were closely moni-
tored for the possibility of any side effects developing, and
they were advised to cease taking the medication if any did.
Fortunately, this was not necessary.
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Similar results were found in other clinical trials. Trauner
et al. used 3-year interim data from the 5-year open-label
extension of the pivotal phase 3 POISE trial for patients
with primary biliary cholangitis to assess the long-term
safety and efficacy of obeticholic acid and ensured drug
safety [26].

Study limitations
It would be better if double blinded on larger scale with
longer periods of follow up.

Next studies
Studies comparing efficacy of OCA on insulin sensitivity
in prediabetics with other conventional therapies

CONCLUSION

In addition to involving obesity, diabetes, and cardi-
ovascular disease, metabolic diseases also have complex
pathogenic mechanisms that include abnormal glucose
metabolism, oxidative stress, insulin resistance, disor-
ders of lipid metabolism, and inflammatory responses.
FXR is essential for maintaining cholesterol homeosta-
sis and the metabolism of bile acids. It may be possible

to control lipid metabolism, preserve cardiovascular
health, lessen insulin resistance, and improve glucose
tolerance by turning on FXR. As a result, the possible
function of FXR as a regulatory factor in improving insu-
lin sensitivity, lowering indicators of liver inflammation,
and mending damaged vessels has received increased
attention.
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