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Introduction. Assessment of the fetal heart rate become
a routine manner and was found to be helpful in making
important clinical decisions. In the available literature there
are no any information about fetal heart rate in twin pregnan-
cy and it usefulness in predicting pregnancy outcome.
Objective. The aim of our study was to evaluate a range of
heart rates in the first trimester in twin pregnancy and the
influence of the rate of fetal heart on the outcome of the
pregnancy.
Material and methods. The study included 89 twin pregnan-
cies between 6 and 11 weeks of pregnancy (78 pregnancies
finished with good outcome and 11 with unfavorable outco-
me).
Results. The date shows that the heart rate of embryos / fetuses
in the first trimester of an uncomplicated twin pregnancy
progressively increases between 6 and 8 weeks of pregnancy
and then slows down in week 11. Our data shows that the rate
of fetal death in the first trimester of twin pregnancy increases
progressively with decreasing of the heart rate. In our study
none of the twins survived when the observed rate of the fetal
heart was less than 110 beats per minute and half of them died
when heart rate was between 110 and 120 beats per min.
Furthermore, the significant difference in the heart rates of a
set of twins was connected with a poor prognosis. In mono-
chorionic pregnancies with a significant difference in heart rate
(20 beats/min or more) despite a normal fetal heart rate (120
beats/min or more) TTTS syndrome was confirmed later in
pregnancy.
Conclusions. The heart rate in twin pregnancy more than 120
beats per minute is connected with a good prognosis, whe-
reas below 110 beats per minute with a poor prognosis.
Furthermore, the significant difference in fetal heart rate (20
beats/min or more) can be a marker of developing TTTS syn-
drome later in pregnancy.
Key words: fetal heart rate; twin pregnancy; first trimester;
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INTRODUCTION
In the past and nowadays the fetal heart rate
is being used as a confirmation of the embryo/
fetal life. Large group studies have reported
changes in the heart rate in early stage of pre-
gnancy [1-10]. Furthermore, miscarriages were
observed in pregnancies with abnormal fetal
heart rate [1-7,11]. Therefore assessment of the
fetal heart rate become a routine manner and
was found to be helpful in making important
clinical decisions. However in the available li-
terature there are no any information about
fetal heart rate in twin pregnancy.

AIM
The aim of our study was to evaluate range of
heart rate in first trimester in twin pregnancy
and influence of rate of fetal heart on pregnancy
outcome.

MATERIALS AND METHODS
The study was conducted in the Ultrasound Unit
in Healthcare Center in Kutno from 2010 to
2016. In the study were included 89 twin pre-
gnancies between 6 and 11 weeks of pregnan-
cy (78 pregnancies finished with good outco-
me and 11 with unfavorable outcome). All
pregnancies with risk factors (smoking, alcohol,
drug addiction) and complications (diabetes
mellitus, hypertension, anemia) were excluded
from the study

Measurements were obtained using ultraso-
und machine (B&K Medical 3535 and Voluson
730 PRO) with vaginal probe of 6.5 MHz fre-
quency. All pregnancies were calculated accor-
ding CRL measurement. The gestational age
was given in weeks according formula: 7 we-
eks = 7 weeks + 0/6 days. The heart rate was
performed using M-mode technique for each
twin separately.
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INTRODUCTION

Diabetes mellitus refers to a variety of different medical 
conditions that all include metabolic abnormalities 
resulting in high blood sugar levels. These abnormalities 
might be caused by a decrease in insulin secretion, a 
resistance to insulin's effects, or both [1].

Type 2 Diabetes Mellitus (T2DM) is a frequently 
prevalent clinical manifestation and is commonly observed 
in adults aged 35 years and older. T2DM is marked by 
the presence of insulin resistance along with normal or 
excessive insulin secretion in the early stages. However, as 
time progresses, patients experience dysfunction of the beta 
cells and insufficient insulin production.

Consequently, some patients may need to be treated 
with insulin to regulate their blood glucose levels in the 
later stages of the disease [2]. T2DM is prevalent both 
worldwide and in Iraq [3]. Obesity is a prominent risk 
factor [4], and genetics play a substantial role in the 
development of the illness [5]. The management of diabetes 
mellitus necessitates the reduction of body weight, the 
implementation of nutritional interventions, the adoption 
of lifestyle adjustments, and the use of medication [6].

Metformin, a biguanide medicine, is a primary 
pharmacological agent used to manage the condition. It acts 
by inhibiting hepatic glucose synthesis, lowering intestinal 
glucose absorption, and increasing insulin sensitivity in 
target tissues, leading to decreased blood glucose levels. 
Metformin reduces both the fasting and after-meal 
blood glucose levels. Metformin is frequently employed 
as a standalone treatment or in conjunction with other 
therapies when dietary adjustments and physical activity 
fail to sufficiently reverse hyperglycemia. According to the 
American Diabetes Association, metformin is the favored 
medication for newly diagnosed patients with T2DM who 
are adults or children aged ten and above [7-9]. Due to 
its efficacy, safety, affordability, and widespread usage, it is 
highly recommended as the initial treatment for T2DM 
[10]. Nevertheless, there is variation among individuals 
in their reaction to metformin as a therapeutic treatment. 
Research has demonstrated that commonly occurring 
genetic variations have an impact on the way metformin 
affects blood sugar levels, accounting for up to 34% of 
the differences observed in the decrease of hemoglobin 
A1c (HbA1c) levels while using this medication [11]. The 
pharmacokinetic gene variations in candidate gene studies 

Background: Diabetes is a diverse and intricate metabolic illness defined 
by high levels of glucose in the blood due to either resistance to insulin, 
inadequate production of insulin, or both. Metformin is one of the initial 
oral hypoglycemic agents frequently prescribed. Toll-Like 4 Receptors 
(TLR4) are receptors located on the surface of cells. It triggers the body's 
natural immune responses to harmful microorganisms by initiating a series 
of biochemical reactions that activate kinases and transcription factors. 
Two significant non-synonymous Single Nucleotide Polymorphisms (SNPs) 
(rs4986790 and rs4986791) have been discovered in the coding region 
(exon 3) of the TLR4 gene. 

Methodology: This prospective cohort study included one hundred 
patients who were newly diagnosed with type 2 diabetes mellitus. The 
study was carried out at Al Diwaniyah Teaching Hospital, Diwaniya 
Governorate/ Iraq. The age varied, with a mean age of 55.25 and a 
standard deviation of 9.88. There was a 12-week interval between the first 
blood sample (taken at diagnosis when therapy was not yet underway) 
and the second (taken 12 weeks later) for every patient.

Results: After administering metformin medication, there was a notable 
decrease in the average BMI (p<0.01). The levels of fasting plasma 
glucose, plasma insulin, HbA1c, and insulin resistance (measured by the 
HOMA-IR index) were considerably decreased (p< 0.001), while there 
was a significant increase in insulin sensitivity (measured by the QUICKI) 
(p< 0.001). There was a substantial decrease in the average levels of lipid 
profiles (p< 0.001), except for an increase in the average HDL level. 

There was no significant linkage seen between TLR4 gene variant 
Asp299Gly and glycemic control, as measured by HbA1c levels below 7%, 
after therapy with metformin (p=0.256). 

Conclusion: Metformin has demonstrated efficacy in enhancing serum 
lipid profiles, insulin levels, fasting plasma glucose, HbA1c, the insulin 
resistant index (HOMA-IR), and the insulin sensitivity index (QUICKI) in 
individuals diagnosed with type 2 diabetes mellitus. However, the TLR4 
gene Asp299Gly polymorphism does not significantly correlate with 
glycemic control or response to metformin treatment.
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

have not consistently and significantly influenced the 
glycemic response to metformin in individuals with T2DM 
[12]. In addition, only a limited number of genome-wide 
signals linked to the clinical response to metformin have 
been identified thus far [11,13].

Numerous diseases, such as diabetes, cancer, arthritis, 
and cardiovascular issues, have long been linked to 
inflammation. Important components of the innate 
immune system, Toll-Like Receptors (TLRs) identify 
conserved pathogen motifs, also known as Pathogen-
Associated Molecular Patterns (PAMPs), as well as 
Damage-Associated Molecular Patterns (DAMPs), which 
are endogenous host materials that are propagated during 
cellular stress or death.

In the coding region (exon 3) of the TLR4 gene, 
two significant non-synonymous single nucleotide 
polymorphisms, rs4986790 (Asp299Gly) (A/G) and 
rs4986791 (Thr399Ile) (C/T), have been found, which 
are in a tight linkage disequilibrium [14]. Although some 
research has linked TLR4 polymorphisms to an increased 
risk of diabetes, Research has also shown that bearers of 
the Asp299Gly and Thr399Ile genotypes significantly 
reduce the incidence of diabetes complications. There was 
no significant association between TLR4 polymorphism 
and diabetes or diabetes complications, according to other 
research [15].

METHODOLOGY 

This prospective cohort study included one hundred 
patients who were recently diagnosed with T2DM (52 
males and 48 females). The study was worked on starting 
in December 2022 and ending in August 2023. The study 
was done in the Al-Diwaniyah teaching hospital. An 
endocrinologist made the diagnosis for the enrolled T2DM 
patients.

The age varied, with a mean age of 55.25 and a standard 
deviation of 9.88. There was a 12-week interval between 
the first blood sample (taken at diagnosis when therapy was 
not yet underway) and the second (taken 12 weeks later) 
for every patient.

Phenotypic analysis: Data on age, gender, body mass 
index, smoking history, familial association with T2DM, 
and chronic medications were collected for each patient. A 
blood sample was collected and divided into two parts. One 
part was used to test fasting blood sugar, serum lipid profile, 
and serum insulin levels, while the other part was utilized 
for genetic analysis of TLR-4 gene. The HbA1c levels were 
determined using the Finecare™ HbA1c (Hemoglobin A1c) 
Rapid Quantitative Test. The serum measures were taken at 
two time points: baseline and 3 months following the start 
of metformin.

Genotyping analysis: The DNA was extracted from 
the blood samples of all T2DM patients by using the Favor 
Prep™ Blood Genomic DNA kit (Favorgen). The DNA 
concentration and purity of the samples were assessed 
using a nanodrop device.

A Polymerase Chain Reaction (PCR) was performed 
using a specific section of the genome, amplified using a 
thermocycler program called T-professional, manufactured 
by Biometra (Germany). The primers were provided by 
Alpha-DNA in the form of a lyophilized powder. The 
primer sets utilized in this investigation are displayed in 
Tab. 1. The 2x Taq plus PCR smart mix kit from SolGent 
(South Korea) was employed.

The condition was fine-tuned to optimize the reaction 
necessary for DNA amplification. The PCR technique 
utilized in this investigation commenced with an initial 
cycle at a temperature of 95 ℃ for a length of 5 minutes, 
followed by 30 consecutive cycles. The cycle involved the 
primers being denatured at 95 ℃ for 30 seconds, followed 
by annealing at 60 ℃ for 30 seconds, and extension at 
72 ℃ for 30 seconds. The reaction was concluded by 
exposing it to a final synthesis step at a temperature of 72 
℃ for duration of 10 minutes. The amplicon resulting 
from the amplification reaction was cut at a specified site 
using restriction endonuclease using the RFLP technique. 
Specifically, Nco I restriction enzyme (10 U/l) was used for 
Asp299Gly, which was incubated at 37 ℃ for 1 hour. This 
enzyme was obtained from Promega Corporation. This 
cutting process allows for further analysis of the amplicon. 
The digested product was separated using 2% agarose gel 
electrophoresis (Condalab, Canada), which was stained 
with diamond nucleic acid dye that was used for coloring 
the gel for observation by UV apparatus. 

Statistical analysis: SPSS 26 and Excel 2019 were 
used to gather, summarize, analyze, and present data. The 
means were compared before and after therapy using a 
paired t-test. When comparing means across many groups, 
the Kruskal-Wallis test was employed. All of the genes 
that were analyzed were evaluated for Hardy-Weinberg 
equilibrium, and a chi-square test was used to examine 
the use of categorical variables. Statistical significance was 
defined as<0.05.

RESULTS

The present study comprised a cohort of 100 
individuals diagnosed with T2DM who had not yet been 
treated with any pharmaceutical interventions. The patient 
population consisted of 52 males (52%), and 48 females 
(48%). A total of 59 patients reported a familial history of 
diabetes mellitus. After receiving metformin medication, 
there was a notable decrease in the average BMI (p<0.01). 
A significant reduction in fasting plasma glucose, HbA1c, 

Tab. 1. Sequence of primers 
for detecting the TLR4 SNP.

SNPs Primers Amplicon size (bp)

Asp299Gly
rs4986790

F: 5’ -GAT TAG CAT ACT TAG ACT 
ACT ACC TCC ATG-3’

R: 5’-GAT CAA CTT CTG 
AAAA GCA TTC CCAC-3’

A: 249
G: 223
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insulin level, and insulin resistance was observed before 
and after therapy with metformin. Furthermore, there was 
a substantial increase in insulin sensitivity as measured by 
the QUICKI (p<0.001). There was a substantial decrease 
in the average levels of serum triglyceride, total cholesterol, 
VLDL, and LDL before and after therapy with metformin, 
while there was a notable rise in serum HDL levels both 
before and after therapy with metformin (p< 0.0001), as 
shown in Tab. 2.

The allele frequency of the SNP in the study is shown 
in Tab. 3. After PCR amplification, the product of the 
TLR-4 Asp299Gly A/G was digested via NcoI restriction 
enzyme, 2% agarose gel was used to analyze the product 
which yielded bands according to Tab. 1. The results are 
presented in Fig. 1.

The observed and expected frequencies of T2DM 
patients for Asp299Gly were not significantly different 
from Hardy-Weinberg equilibrium (p=0.8226). To assess 
the impact of the Asp299Gly variation in gene on patients 
glycemic response to treatment with metformin, we 
compared mean HbA1c levels after treatment according 
to the gene polymorphism, and the results showed no 
significant difference in mean HbA1c (p=0.256).

A comparison of phenotypic characteristics, including 

glycemic parameters and lipid profiles, before and after 
metformin treatment according to Asp299Gly gene 
polymorphisms in the co-dominant and dominant models 
showed there were no significant differences relevant to 
the variant allele in any of these phenotypic characteristics 
(p>0.05).

DISCUSSION

Based on the estimates of the World Health 
Organization, by 2030, diabetes mellitus is expected to 
rank as the seventh most common cause of death globally 
[16]. Overall, metformin is very effective and stands 
out among other oral treatments for T2DM due to its 
ability to encourage weight reduction instead of weight 
gain. Although metformin has several advantageous 
characteristics, it is not a universal remedy. Empirical 
evidence from clinical practice and corroborating studies 
indicates that metformin monotherapy often falls short in 
attaining glycemic control for around 21% of individuals 
who are on this medication. Therapeutic interventions do 
not achieve desired levels of plasma glucose control during 
the first 5 years of treatment [17].

The heterogeneity in response to metformin is 
presumably influenced by hereditary factors, which 

Tab. 2. Comparison of gly-
cemic parameters and serum 
lipid profile before and after 
treatment with metformin.

Descriptive Statistics
 
 

Baseline
Mean  ± SD

n=100

After treatment
Mean  ± SD

n=100
P

BMI (kg/m2) 33.51 ± 8.74 30.66 ± 7.70 <0.01

FPG (mg/dl) 245.52 ± 87.57 156.91 ± 70.02 <0.0001

HbAIc 9.315 ± 1.60 7.00 ± 1.06 <0.0001

Plasma insulin mU/L 22.782 ± 7.43 15.78 ± 7.6 <0.0001

HOMA-IR index 13.81 ± 6.49 6.17 ± 4.50 <0.0001

QUICKI 0.271 ± 0.014 0.3 ± 0.03 <0.0001

Triglyceride (mg/dl) 255 ± 71.2 187 ± 70.2 <0.0001

Cholesterol (mg/dl) 219 ± 41 179 ± 30 <0.0001

HDL (mg/dl) 37 ± 7.5 42.87 ± 7.6 <0.0001

VLDL (mg/dl) 51.1 ± 12.94 41.3 ± 14.2 <0.0001

LDL (mg/dl) 130 ± 41 92.16 ± 40.3 <0.0001

Tab. 3. Genotype distribution 
of study groups.

SNPs
Percentage Allele Frequency

Asp299Gly (rs4986790)

AA 65 A=0.8

AG 30 G=0.2

GG 5 -

Fig. 1. After restriction endo-
nuclease cleavage, polymorphic 
sequences.
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

contribute to individual variability. After administering 
metformin as part of this trial, there was a notable decrease 
in the average BMI (p<0.01). The Diabetes Prevention 
Program (DPP) is the most extensive research project 
demonstrating the weight advantages of metformin. Of the 
individuals included in the present investigation, 59.0% 
revealed a family history of diabetes mellitus. Individuals 
who have a family history of T2DM in a first-degree 
relative are 2 to 3 times more likely to acquire T2DM 
compared to those without such a family history [18,19]. 
Scott, et al., found that those with a positive family history 
of diabetes mellitus had a 2.7 times higher chance of 
developing T2DM compared to those without a family 
history of diabetes [20]. In the current study, there was also 
a significant reduction in fasting plasma glucose, HbA1c, 
plasma insulin, and insulin resistance, as represented by the 
HOMO-IR index. The findings are consistent with earlier 
studies and are directly connected to the mechanism of 
action of metformin [21,22].

The present research found that although HDL-C 
levels increased, mean blood triglyceride, total cholesterol, 
VLDL-C, and LDL levels significantly decreased in 
newly diagnosed T2DM patients after 3 months of using 
metformin. Metformin has been proven to significantly 
lower triglyceride and LDL-C and raise HDL-C in a cohort 
trial that included 155 newly diagnosed T2DM [23]. 
Metformin was demonstrated in another cross-sectional 
study to significantly lower total cholesterol and LDL-C 
levels in 150 newly diagnosed diabetes patients treated 
for three months [24]. In the current study, analysis for 
BMI, glycemic parameters, and serum lipid profile values 
was conducted by the Kruskal-Wallis test in relation to the 
genotype of Asp299Gly of the TLR-4 gene.

The co-dominant model revealed no significant 
relationship for phenotypic parameter analysis; means did 
not show significant modifications before and following 
treatment with metformin in newly diagnosed T2DM 
patients, as well as under the dominant pattern. Many prior 
clinically significant studies in pharmacogenomics have 
included genes that have shown an association between 
TLR-4 Asp299Gly SNP and a reduced risk of developing 
atherosclerosis and T2DM [25]. Several investigations 
have shown a correlation between TLR-4 polymorphism 
and T2DM [26]. There was no relationship between 
TLR-4 polymorphism and diabetes or its consequences, 

according to another research. [27]. In their meta-analysis, 
Yin, et al. found no association between the TLR4 gene 
Asp299Gly and Thr399Ile polymorphisms and an elevated 
risk of T2DM [28]. In many inflammatory contexts, recent 
research has shown that TLR4 expression may be correlated 
with AMPK signaling. Multiple models of inflammatory 
diseases have shown that AMPK, which acts as a detector 
of cellular energy, has anti-inflammatory properties [29]. A 
recent animal study has shown that metformin minimizes 
the activity of the TLR4 inflammatory pathway in the 
muscular tissues of diabetic rats. The findings suggest 
a connection between TLR4 and AMPK levels, which 
indicates the potential of metformin to attenuate TLR4 
pathway's activation. These modifications may explain 
the increase in insulin sensitivity reported in diabetic rats 
administered metformin [30].

CONCLUSION

The findings indicated that metformin had significantly 
favorable impacts on fasting plasma glucose, HbA1c level, 
serum insulin level, insulin resistance index (HOMA-IR), 
and insulin sensitivity index (QUICKI) in individuals 
recently diagnosed with T2DM. Similarly, metformin 
had a significantly positive impact on lipid profiles, with a 
notable decrease in all levels except for HDL, which showed 
a considerable rise. Additionally, metformin had an impact 
on BMI, resulting in a considerable decrease. The TLR4 
gene polymorphism Asp299Gly did not have a significant 
influence on the therapeutic response of metformin, 
according to the analysis using the co-dominant and 
dominant models.

ETHICAL APPROVAL

Approval from the Ethical Committee (in the faculty 
of pharmacy at Kufa University) was obtained for the 
protocol of the study.

CONFLICT OF INTEREST

There are no conflicts of interests.

FUNDING

The source of this research comes from myself.

RE
FE

RE
N

CE
S

Insulin-Dependent Diabetes Mellitus (IDDM). Tissue Antigens. 
1996;47(1):37-48.

6. Blaslov K, Naranđa FS, Kruljac I, et al. Treatment approach to 
type 2 diabetes: Past, present and future. World J Diabetes. 
2018;9(12):209.

7. Hassan BG, Ridha MM, Mohammed AJ. The association of TCF7L2 
Gene (rs12255372) single nucleotide polymorphism with type 
two diabetes mellitus in Al Najaf Governorate. J Pharm Sci Res. 
2018;10(9):2163-2165.

8. American Diabetes Association. Diagnosis and classification of 
diabetes mellitus. Diabetes Care. 2010;33(Supplement_1):S62-S69.

9. Corcoran C, Jacobs TF. Metformin. In: StatPearls. 2018.

1. Kharroubi AT, Darwish HM. Diabetes mellitus: The epidemic of the 
century. World J Diabetes. 2015;6(6):850.

2. Galicia-Garcia U, Benito-Vicente A, Jebari S, et al. Pathophysiology 
of type 2 diabetes mellitus. Int J Mol Sci. 2020;21(17):6275.

3. Abusaib M, Ahmed M, Nwayyir HA, et al. Iraqi experts consensus 
on the management of type 2 diabetes/prediabetes in adults. Clin 
Med Insights Endocrinol Diabetes. 2020;13:1179551420942232.

4. Leitner DR, Frühbeck G, Yumuk V, et al. Obesity and type 2 
diabetes: two diseases with a need for combined treatment 
strategies-EASO can lead the way. Obes Facts. 2017;10(5):483-492.

5. Yasunaga S, Kimura A, Hamaguchi K, et al. Different contribution 
of HLA‐DR and‐DQ genes in susceptibility and resistance to 

https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-0039.1996.tb02512.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6304295/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6304295/
https://search.proquest.com/openview/974b05060905f0978a0559617e9ec4d3/1?pq-origsite=gscholar&cbl=54977
https://search.proquest.com/openview/974b05060905f0978a0559617e9ec4d3/1?pq-origsite=gscholar&cbl=54977
https://search.proquest.com/openview/974b05060905f0978a0559617e9ec4d3/1?pq-origsite=gscholar&cbl=54977
https://diabetesjournals.org/care/article-abstract/33/Supplement_1/S62/25777
https://diabetesjournals.org/care/article-abstract/33/Supplement_1/S62/25777
https://europepmc.org/article/nbk/nbk518983
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4478580/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4478580/
https://www.mdpi.com/1422-0067/21/17/6275
https://www.mdpi.com/1422-0067/21/17/6275
https://journals.sagepub.com/doi/abs/10.1177/1179551420942232
https://journals.sagepub.com/doi/abs/10.1177/1179551420942232
https://karger.com/ofa/article-abstract/10/5/483/240906
https://karger.com/ofa/article-abstract/10/5/483/240906
https://karger.com/ofa/article-abstract/10/5/483/240906
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-0039.1996.tb02512.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-0039.1996.tb02512.x


Jasim MN, et al. – The impact of toll-like receptor 4 gene polymorphism on therapeutic response to metformin at 
the crossroad type two diabetes mellitus patients...

− 5

10. Davies MJ, D’Alessio DA, Fradkin J, et al. Management of 
hyperglycemia in type 2 diabetes, 2018. A consensus report by the 
American Diabetes Association (ADA) and the European Association 
for the Study of Diabetes (EASD). Diabetes Care. 2018;41(12):2669-
2701.

11. Zhou K, Donnelly L, Yang J, et al. Heritability of variation in 
glycaemic response to metformin: a genome-wide complex trait 
analysis. Lancet Diabetes Endocrinol. 2014;2(6):481-487.

12. Dujic T, Zhou K, Yee SW, et al. Variants in pharmacokinetic 
transporters and glycemic response to metformin: a Metgen meta‐
analysis. Clin Pharmacol Ther. 2017;101(6):763-772.

13. Zhou K, Yee SW, Seiser EL, et al. Variation in the glucose 
transporter gene SLC2A2 is associated with glycemic response to 
metformin. Nat Genet. 2016;48(9):1055-9.

14. Arbour NC, Lorenz E, Schutte BC, et al. TLR4 mutations are 
associated with endotoxin hyporesponsiveness in humans. Nat 
Genet. 2000;25(2):187-91.

15. Al-Fatlawi RB, Mohammad BI, Al-Aubaidy HA, et al. Association 
of Toll-Like Receptor (TLR-4) Gene Polymorphisms in Diabetic Kidney 
Disease: Iraqi Cohort Study. Ann Rom Soc Cell Biol. 2021:6497-6506.

16. AL-Safar SR, AL-Zubaidy HF, Alwaidh RH. Genetic Insights: 
Examining CNTNAP2 rs7794745 Gene Polymorphism and Its Impact 
on ABLLS Assessment in Middle Euphrates Children in Iraq with 
Autism Spectrum Disorder. J Contemp Med Sci. 2024;10(1).

17. Turner RC, Cull CA, Frighi V, et al. Glycemic control with diet, 
sulfonylurea, metformin, or insulin in patients with type 2 diabetes 
mellitus: progressive requirement for multiple therapies (UKPDS 
49). JAMA. 1999;281(21):2005-2012.

18. Williams LK, Padhukasahasram B, Ahmedani BK, et al. Differing 
effects of metformin on glycemic control by race-ethnicity. J Clin 
Endocrinol Metab. 2014;99(9):3160-3168.

19. Rautio N, Jokelainen J, Oksa H, et al. Family history of diabetes 
and effectiveness of lifestyle counselling on the cardio‐metabolic 
risk profile in individuals at high risk of type 2 diabetes: 1‐year 
follow‐up of the FIN‐D2D project. Diabet Med. 2012;29(2):207-
211.

20. Scott RA, Langenberg C, Sharp SJ, et al. The link between 

family history and risk of type 2 diabetes is not explained by 
anthropometric, lifestyle or genetic risk factors: the EPIC-InterAct 
study. Diabetologia. 2013;56:60-69.

21. Thomopoulos C, Katsimagklis G, Makris T. Metformin and 
blood pressure lowering: a questioned association. J Hypertens. 
2017;35(1):27-28.

22. Rena G, Hardie DG, Pearson ER. The mechanisms of action of 
metformin. Diabetologia. 2017;60(9):1577-1585.

23. Lin SH, Cheng PC, Te Tu S, et al. Effect of metformin monotherapy 
on serum lipid profile in statin-naïve individuals with newly 
diagnosed type 2 diabetes mellitus: a cohort study. PeerJ. 
2018;12;6:e4578.

24. Kender Z, Groener JB, Reismann P, et al. The effect of metformin 
on lipid parameters and on cardiovascular risk in patients with type 
2 diabetes without statin therapy. Orv Hetil. 2019;160(34):1346-52.

25. Aioanei CS, Ilies RF, Bala C, et al. The role of adiponectin and 
toll-like receptor 4 gene polymorphisms on non-proliferative 
retinopathy in type 2 diabetes mellitus patients. A case-control study 
in Romanian Caucasians patients. Acta Endocrinol. 2019;15(1):32.

26. Huang WH, Nie LH, Zhang LJ, et al. Association of TLR2 and TLR4 
non-missense single nucleotide polymorphisms with type 2 diabetes 
risk in a southern Chinese population: a case-control study. Genet 
Mol Res. 2015;14:8694-8705.

27. Peng D, Wang J, Pan J, et al. Lack of association between TLR4 
genetic polymorphisms and diabetic nephropathy in a Chinese 
population. Biomed Res Int. 2014;2014(1):704167.

28. Yin YW, Wang Q, Sun QQ, et al. Toll-like receptor 4 gene 
Asp299Gly and Thr399Ile polymorphisms in type 2 diabetes 
mellitus: a meta-analysis of 15,059 subjects. Diabetes Res Clin 
Pract. 2015;107(3):338-347.

29. Vaez H, Soraya H, Garjani A, et al. Toll-Like Receptor 4 (TLR4) 
and AMPK relevance in cardiovascular disease. Adv Pharm Bull. 
2023;13(1):36.

30. Peixoto LG, Teixeira RR, Vilela DD, et al. Metformin attenuates the 
TLR4 inflammatory pathway in skeletal muscle of diabetic rats. Acta 
Diabetol. 2017;54:943-51.

https://diabetesjournals.org/care/article-abstract/41/12/2669/36544
https://diabetesjournals.org/care/article-abstract/41/12/2669/36544
https://diabetesjournals.org/care/article-abstract/41/12/2669/36544
https://diabetesjournals.org/care/article-abstract/41/12/2669/36544
https://www.thelancet.com/journals/landia/article/PIIS2213-8587(14)70050-6/fulltext
https://www.thelancet.com/journals/landia/article/PIIS2213-8587(14)70050-6/fulltext
https://www.thelancet.com/journals/landia/article/PIIS2213-8587(14)70050-6/fulltext
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1002/cpt.567
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1002/cpt.567
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1002/cpt.567
https://www.nature.com/articles/ng.3632
https://www.nature.com/articles/ng.3632
https://www.nature.com/articles/ng.3632
https://www.nature.com/articles/ng0600_187
https://www.nature.com/articles/ng0600_187
https://www.iasj.net/iasj/download/e6d6390b082a0ef5
https://www.iasj.net/iasj/download/e6d6390b082a0ef5
https://www.iasj.net/iasj/download/e6d6390b082a0ef5
https://www.iasj.net/iasj/download/e6d6390b082a0ef5
https://jamanetwork.com/journals/jama/article-abstract/190204
https://jamanetwork.com/journals/jama/article-abstract/190204
https://jamanetwork.com/journals/jama/article-abstract/190204
https://jamanetwork.com/journals/jama/article-abstract/190204
https://academic.oup.com/jcem/article-abstract/99/9/3160/2537958
https://academic.oup.com/jcem/article-abstract/99/9/3160/2537958
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1464-5491.2011.03388.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1464-5491.2011.03388.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1464-5491.2011.03388.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1464-5491.2011.03388.x
https://link.springer.com/article/10.1007/s00125-012-2715-x
https://link.springer.com/article/10.1007/s00125-012-2715-x
https://link.springer.com/article/10.1007/s00125-012-2715-x
https://link.springer.com/article/10.1007/s00125-012-2715-x
https://journals.lww.com/jhypertension/fulltext/2017/01000/Metformin_and_blood_pressure_lowering__a.5.aspx
https://journals.lww.com/jhypertension/fulltext/2017/01000/Metformin_and_blood_pressure_lowering__a.5.aspx
https://link.springer.com/article/10.1007/S00125-017-4342-Z
https://link.springer.com/article/10.1007/S00125-017-4342-Z
https://peerj.com/articles/4578/
https://peerj.com/articles/4578/
https://peerj.com/articles/4578/
https://europepmc.org/article/med/31423831
https://europepmc.org/article/med/31423831
https://europepmc.org/article/med/31423831
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6535313/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6535313/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6535313/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6535313/
https://www.funpecrp.com.br/gmr/year2015/vol14-3/pdf/gmr5612.pdf
https://www.funpecrp.com.br/gmr/year2015/vol14-3/pdf/gmr5612.pdf
https://www.funpecrp.com.br/gmr/year2015/vol14-3/pdf/gmr5612.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1155/2014/704167
https://onlinelibrary.wiley.com/doi/abs/10.1155/2014/704167
https://onlinelibrary.wiley.com/doi/abs/10.1155/2014/704167
https://www.sciencedirect.com/science/article/pii/S0168822715000169
https://www.sciencedirect.com/science/article/pii/S0168822715000169
https://www.sciencedirect.com/science/article/pii/S0168822715000169
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9871286/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9871286/
https://link.springer.com/article/10.1007/s00592-017-1027-5
https://link.springer.com/article/10.1007/s00592-017-1027-5

