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Effect of GLP-1 Receptor Agonists (Liraglutide) 
on Glycemic Parameters and Circulating miRNA 
Expression in Type 2 Diabetes Mellitus

Background: Circulating miRNA modulates a variety of cellular activities including the pathogenesis of many 
diseases. In type 2 diabetes mellitus (T2DM), alteration in miRNA profiles can have a significant effect on 
insulin signaling, β-cell function, and inflammation. It has been suggested that antidiabetic therapies can 
normalize circulating miRNA levels and improve metabolic parameters, rendering miRNA as potential bio-
markers for T2DM monitoring and treatment response. 
Aim: To examine the impact of GLP-1 receptor agonists on the glycemic profile and on circulating levels of 
miRNA-146a, miRNA-21, and miRNA-222.
Materials and methods: The study included 60 patients who were recently diagnosed with T2DM. Pre-treat-
ment levels of glycemic parameters (HbA1c and FPG) were quantified with specific diagnostic kits on the 
Cobas-4000 the clinical chemistry analyzer. Pre-treatment levels of circulating miRNA levels (miRNA-146a, 
miRNA-21, and miRNA-222) were assessed using a two-step quantitative RT-PCR assay on a 96–well plate 
after a total RNA isolation and quantification. Patients were then prescribed subcutaneous liraglutide at 1.5 
mg/day for six months, then post-treatment levels of HbA1c, FPG, and miRNAs were assessed again and com-
pared with pre-treatment findings to evaluate changes in glycemic parameters and circulating miRNA levels.
Results: Liraglutide significantly reduced HbA1c (from 7.89 ± 0.57% to 5.72 ± 0.43, p = 0.015) and FPG (from 
157.66 ± 9.98 mg/dL to 113.51 ± 15.25 mg/dL, p < 0.001), and decreased BMI (p = 0.046). miRNA-146a and 
miRNA-222 levels were significantly upregulated, while miRNA-21 was downregulated following treatment 
(p < 0.001 for all). miRNA-146a and miRNA-222 negatively correlated with HbA1c and FPG, whereas miR-
NA-21 showed a positive correlation. ROC analysis showed strong diagnostic performance for miRNA-146a 
(AUC = 0.869) and miRNA-222 (AUC = 0.816), with moderate predictive value for miRNA-21 (AUC = 0.709).
Conclusion: Liraglutide displayed significant glycemic control in patients with T2DM. Liraglutide also signifi-
cantly alters circulating miRNA profiles. The regulation of miRNA-146a, miRNA-21, and miRNA-222 highlights 
the potential application of these miRNAs as biomarkers for treatment monitoring and suggests a role in the 
therapeutic mechanisms of GLP-1 receptor agonists.
Keyword: Type 2 diabetes mellitus; miRNA; GLP-1 receptor agonists; miRNA-146a; miRNA-21; and miR-
NA-222.
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INTRODUCTION:

Type 2 diabetes mellitus (T2DM) is a chronic met-
abolic disorder characterized by tissue resistance to 
insulin and impaired insulin secretion from pancreatic 
cells1. The disease is manifested clinically with vari-
able degrees of hyperglycemia, polyurea, thirst, lack of 
energy, higher incidents of bacterial and fungal infec-
tions, and poor wound healing2,3. There are several com-
plications associated with T2DM that can negatively 
impact the physiological functions of major organ sys-
tems, such as cardiovascular, kidneys, retina, and neu-
ral tissues4,5. One of the novel therapeutic strategies is 
the glucagon-like peptide-1 receptor agonists (GLP-1 
RAs) which have gained significant importance due to 
the widely reported glucose-lowering effects, anti-in-
flammatory properties, and improved weight loss6. 

GLP-1 Ras are small molecule synthetic analogs 
of GLP-1 hormone7. The drug binds and activates its 
receptors leading to promoting insulin secretion and 
diminishing glucagon release8. GLP-1 Ras is also 
effective in improving weight loss by delaying gastric 
emptying and reducing appetite9. This treatment was 
also reported with cardiovascular protective benefits, 
limited progression of chronic kidney diseases, and 
better management of non-alcoholic fatty liver dis-
ease10. Additional studies reported neuroprotective and 
anti-inflammatory properties associated with the use of 
GLP-1 Ras, making this treatment approach favorable 
for many T2DM patients11. Recent investigations sug-
gest that GLP-1 RAs may exert some of their beneficial 
effects through the modulation of gene expression and 
miRNA regulations12.

Circulating microRNAs (miRNAs) regulate gene 
expression in a variety of physiological and pathological 
processes including the development and progression 
of T2DM13. The mechanism includes binding comple-
mentary sequences of miRNA to the targeted sequence 
on mRNA molecule causing mRNA degradation or 
translational repression14. Patients with T2DM pre-
sented with miRNA alterations that were correlated 
with disrupted insulin signaling, β-cell function, and 
progression of a low-grade inflammatory process15. 
Some reports further link these expression patterns with 
metabolic parameters, while others correlate miRNA 
levels to glycated hemoglobin fasting blood sugar, and 
other inflammatory markers16. It is also reported that 
T2DM treatments can modulate miRNA levels, restore 
normal values, and improve metabolic parameters17. 

Patients on GLP-1 Ras were reported alter expression 
of certain miRNAs which are responsible for insulin 
signaling and glucose homeostasis18. Therefore, circulat-
ing miRNA can reflect systemic conditions associated 
with disease or therapeutic interventions, which may 
differentially affect the molecular pathways implicated 
in the pathogenesis of T2DM19. Furthermore, many 
studies consider circulating miRNA levels as promis-
ing biomarkers for evaluating therapeutic efficacy20. The 
influence of T2DM treatment on circulating miRNA 
expression could present a novel approach for under-
standing the pathophysiological role of miRNA in 
modifying disease progression21. Since Liraglutide 
(GLP-1 receptor agonist) has been shown to affect 
miRNA expressions in patients with T2DM, the cur-
rent study is investigating its impact on patients’ glyce-
mic profile and on circulating levels of miRNA-146a, 
miRNA-21, and miRNA-222, which have not been 
previously explored in this specific context, before and 
after therapy.

MATERIALS AND METHODS:

The present study is a prospective interventional study 
which was conducted at the Department of Medicine, 
Al-Diwaniyah Teaching Hospital, Iraq. The study was 
conducted between February 2024 and March 2025. 
The study received ethical approval from the Ethics 
Committee of the College of Medicine, University of 
Al-Qadisiyah. The study included 60 patients (aged 
between 20 to 70 years) who were recently diagnosed 
with T2DM and were provided with formal consents 
under the principles of the Declaration of Helsinki. 

Inclusion criteria included patients who were 
recently diagnosed with T2DM. HbA1c levels range 
between 6.5% and 9%. Exclusion criteria included indi-
viduals on DPP-4 inhibitors or other forms of GLP-1 
RAs in the six months preceding the study. In addition, 
the study excluded individuals diagnosed with Type 1 
diabetes, chronic conditions, such as chronic kidney dis-
eases, cardiovascular diseases, autoimmune disorders, or 
chronic inflammatory conditions. Patients with active 
malignancy, recent delivery, abortion, or breastfeeding 
were also excluded. 

Selected patients were prescribed subcutaneous 
liraglutide at 1.5 mg/day for six months. Patients were 
advised to maintain their usual diet and physical activ-
ity throughout the duration of the study. Patient demo-
graphic information and baseline metabolic parameters 
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were recorded at the initiation of the study and after 
the end of the treatment duration. 

Laboratory findings included measuring HbA1c 
and FPG for all patients, which in brief involved col-
lecting 10 ml of fasting venous blood samples and 
glycemic parameters were quantified with the specific 
diagnostic kits on the Cobas-4000 the clinical chemis-
try analyzer (Roche, Germany). Collected blood sam-
ples were also used to determine the baseline levels of 
circulating miRNA-146a, miRNA-21, and miRNA-
222 in blood. In brief, total RNA was extracted from 
blood samples following the instruction detailed in 
miRNeasy Kit for miRNA purification (Qiagne, USA), 
followed by determining purity and concentration of 
each RNA sample using NanoDrop spectrophotometer 
(Thermo Scientific, USA). Samples cDNA and PCR 
amplification were performed using two-step quantita-
tive RT-PCR assay on a 96–well plate (Thermo Fisher 
Scientific, USA) according to manufacturer’s instruc-
tion. On the qPCR plate, 1µl of sample RNA, 10µl of 
master mix, and 7.67 µl of nuclease-free water were ali-
quoted in wells and mixed gently. The mixture was then 
incubated at Rotor-Gene Q (Qiagne-USA) thermocy-
cler under the following conditions, enzyme activation 
at 95°C for 10 minutes, denaturation at 95 °C for 15 
seconds, and annelation for 60 seconds, for a total of 40 
cycles. Levels of mRNA were measured on the analysis 
software based on the Ct of each target miRNA and 
were expressed in arbitrary units (AU).

Statistical analysis was performed on SPSS statis-
tical software (IBM, USA). Data were presented as 
mean ± standard deviation (S.D.). The dependent sam-
ple t-test was used to compare pre- and post-treatment 
values. Pearson’s correlation was applied to assess rela-
tionships between miRNA expression and glycemic 
parameters. Receiver operating characteristic (ROC) 
curve analysis was used to evaluate the diagnostic per-
formance of each miRNA. A p-value of <0.05 was con-
sidered statistically significant.

RESULTS:

The study included 60 patients with T2DM. There was 
a total of 36 males (60%) and 24 females (40%). Mean 
age was 46.04 ± 13.71 years. Investigating BMI before 
and after treatment with liraglutide revealed a signifi-
cant reduction in BMI following treatment from 25.14 
± 2.7 to 23.94 ± 3.73 kg/m² (p = 0.046).

Following liraglutide therapy, patients showed 

significant improvements in glycemic control. The 
mean HbA1c levels decreased from 7.89 ± 0.57% to 
5.72 ± 0.43% (p = 0.015), and FPG levels dropped 
from 157.66 ± 9.98 mg/dL to 113.51 ± 15.25 mg/dL 
(p < 0.001). No significant correlations were observed 
between miRNA expression and BMI.

Analyses showed that Liraglutide treatment sig-
nificantly modulated the expression of the investigated 
miRNAs. Circulating levels of miRNA-146a increased 
markedly from 0.79 ± 0.74 to 2.73 ± 1.54 (p < 0.001). 
In contrast, miRNA-21 levels were significantly 
reduced after treatment from 1.16 ± 1.13 to 0.37 ± 0.9 
(p < 0.001), while miRNA-222 expression increased 
significantly from 0.6 ± 0.82 to 1.68 ± 0.75 (p < 0.001). 

Pearson correlation analysis revealed significant 
relationships between miRNA expression and glycemic 
parameters. miRNA-146a presented an inverse relation 
with both HbA1c (r = –0.58, p < 0.001) and FPG (r = 
–0.57, p < 0.001). Similarly, miRNA-222 was negatively 
correlated with HbA1c (r = –0.54, p < 0.001) and FPG 
(r = –0.48, p = 0.009). In contrast, miRNA-21 demon-
strated a positive correlation with HbA1c (r = 0.34, p = 
0.04) and FPG (r = 0.36, p < 0.001). ROC curve anal-
ysis was conducted to assess the diagnostic potential of 
the circulating miRNAs. miRNA-146a demonstrated 
excellent discriminative ability with an AUC of 0.8690 
(95% CI: 0.8078–0.9302, p < 0.0001). miRNA-222 
also showed strong diagnostic performance with an 
AUC of 0.8157 (95% CI: 0.7416–0.8898, p < 0.0001). 
whereas miRNA-21 had moderate predictive value 
(AUC: 0.7086, 95% CI: 0.6165–0.8007, p < 0.001).
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Table 1. Demographic characteristics and miRNA profile of patients before and after treatment with Liraglutide.

Parameters Before treatment
(Mean ± S.D.)

After treatment
(Mean ± S.D.) P value

Sex (n.%)
Male 36 (60%)

-
Female 24 (40%)

Age (years) 46.04 ± 13.71 -

BMI (kg/m2) 25.14 ± 2.7 23.94 ± 3.73 0.046*

HbA1c (%) 7.89 ± 0.57 5.72 ± 0.43 0.015*

FPG (mg/dl) 157.66 ± 9.98 113.51 ± 15.25 <0.001*

miRNA-146a (AU) 0.79 ± 0.74 2.73 ± 1.54 <0.001*

miRNA-21 (AU) 1.16 ± 1.13 0.37 ± 0.9 <0.001*

miRNA-222 (AU) 0.6 ± 0.82 1.68 ± 0.75 <0.001*

*Significant difference, AU: arbitrary unite

Table 2. Pearson correlation Analysis between circulating levels of miRNA-146a, miRNA-21, and miRNA-222 
and T2DM metabolic parameters.

T2DM parameters Correlation and 
significance miRNA-146a miRNA-21 miRNA-222

BMI
r 0.01 0.01 -0.03

p 0.926 0.918 0.725

HbA1c
r -0.58 0.34 -0.54

p <0.001* 0.04* <0.001

FPG
r -0.57 0.36 -0.48

p <0.001* <0.001* 0.009*

*Significant difference

Figure 1. ROC curve of circulating miRNAs (miRNA-146a, miRNA-21, and miRNA-222) predicting T2DM (see Table 3 or statistical 
values).
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Table 3. Sensitivity, specificity, and AUC values corresponding to Figure 1.

Circulating miRNA Area under the 
curve Standard error 95% CI P value

miRNA-146a (figure A.) 0.8690 0.03122 0.8078 - 0.9302 <0.0001*

miRNA-21 (figure B.) 0.7086 0.04698 0.6165 - 0.8007 <0.001*

miRNA-222 (figure C.) 0.8157 0.03780 0.7416 - 0.8898 <0.0001*

*Significant difference

DISCUSSION

The findings of the current analysis showed that lira-
glutide therapy is very effective in improving metabolic 
parameters associated with T2DM. Earlier reports 
described similar findings regarding liraglutide efficacy 
in reducing BMI, HbA1c, and FPG in patients with 
T2DM22. These effects are primarily mediated through 
enhanced glucose-dependent insulin secretion, delayed 
gastric emptying, and suppressed glucagon release23. 
Comparative studies showed that when combined with 
metformin, liraglutide shows greater efficacy in reduc-
ing HbA1c and body weight compared to sitagliptin24.

Liraglutide offers a multifaceted approach to 
T2DM management with an acceptable safety pro-
file25. Liraglutide demonstrates positive effects on lipid 
profiles and liver function in T2DM patients with 
nonalcoholic fatty liver disease26. Liraglutide improves 
cardiovascular outcomes by reducing major adverse car-
diovascular events and enhancing endothelial function27. 
The improvement in BMI after therapy with liraglutide 
may indicate anorexigenic properties that could further 
enhance the metabolic profile of patients28. Additionally, 
it enhances thermogenesis in brown and white adipose 
tissues by activating type 2 deiodinase and increasing 
oxygen consumption28. In the hypothalamus, liraglutide 
improves leptin sensitivity and activates anorexigenic 
signaling pathways, including POMC/MC4R, while 
suppressing orexigenic NPY/AgRP signaling29. These 
multifaceted actions contribute to liraglutide’s efficacy 
in obesity management.

A distinctive aspect of this study is observed in the 
analysis of miRNA expression before and after lira-
glutide treatment. The findings provided substantial 
insight into the mechanism of miRNA modulation 
following T2DM medication. Circulating miRNA 

levels can be modulated significantly with liraglutide 
treatment30. The findings underscore a potential link 
between the application of liraglutide as a potent anti-
diabetogenic medication and its role in modulating 
miRNA-mediated gene regulation31. Reports showed 
that miRNA expression in patients with T2DM differs 
from that seen in healthy individuals32,33. This alteration 
in miRNA profile was linked by several studies with 
extensive metabolic parameters, such as HbA1c, FPG, 
indices of insulin resistance, and several inflammatory 
markers as well, such as TNF-α and IL-634,35. 

Our results showed that miRNA-146a and miRNA-
22 were significantly upregulated, while miRNA-21 
was markedly downregulated post-treatment. Earlier 
studies described similar findings with lower expres-
sion levels of miRNA-146a in T2DM patients com-
pared to healthy controls36. In analyses of whole blood 
and peripheral blood mononuclear cells, miRNA-146a 
appears downregulated in both T2DM and prediabetes, 
with one study noting strong inverse correlations with 
TNF-α, IL-6, and insulin resistance34. Dysregulated 
MiRNA-146a was shown to natively impact inflam-
matory processes and diabetic complications37. In those 
patients, the downregulation of miRNA-146a is asso-
ciated with increased inflammation. This was shown by 
negative correlations with inflammatory markers such 
as TNF-α and IL-638,39. This impact was also observed 
to negatively regulate pro-inflammatory pathways via 
suppression of NF-κB signaling39. Additional studies 
demonstrated that miRNA-146a levels are negatively 
correlated to insulin resistance and poor glycemic con-
trol38. The upregulation of miRNA-146a after lira-
glutide therapy could prevent excessive inflammation 
that is usually associated with T2DM pathogenesis37. 
Since the current analysis observed negative correla-
tions between the circulating level of miRNA-146a and 
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serum levels of HbA1c and FPG, it is suggested that a 
miRNA-146a expression level could provide a poten-
tial role in improving insulin sensitivity and glycemic 
profile32,39.

Investigations of miRNA-21 yield mixed results. 
Some authors report its upregulation in T2DM, along 
with positive associations to glycated hemoglobin, fast-
ing blood sugar, and triglycerides, while another study 
finds reduced plasma levels35. In addition, elevated 
miRNA-21 expression is associated with increased 
pro-inflammatory markers, including IL-1β, TNF-α, 
IL-6, and IL-840. Studies significantly correlated higher 
expression levels of miRNA-21 with T2DM severity, 
elevated insulin resistance, and inflammatory cytokine 
production41. Elevated miRNA-21 expression is also 
linked to diabetic complications such as nephropathy, 
retinopathy, and cardiovascular events42. In this study, 
the impact of liraglutide treatment on the expression 
level of miRNA-21 was significant and was found 
lower than that of the pre-treatment levels. The current 
findings indicate reduced levels of inflammation and 
lower insulin-desensitizing signals in those patients 
after liraglutide treatment. The positive correlation 
between miRNA-21 and glycemic parameters further 
emphasizes its pathogenic relevance in T2DM.

Regarding miRNA-222, its expression profile plays 
a complex role in various metabolic regulations, with 
evidence suggesting its involvement in endothelial 
function, insulin signaling, and vascular inflammation43. 
It is indicated by the current analysis that the increase in 
miRNA-222 levels after treatment with liraglutide and 
its inverse correlation with glycemic indices may reflect 
improved vascular and metabolic homeostasis, which 
are critical components of comprehensive diabetes 
management. In contrast, reports examining miRNA-
222 note higher expression in T2DM, with positive 
links to BMI, insulin resistance indicators, FPG, oral 
glucose tolerance and an inverse relationship with 
low-density lipoprotein cholesterol43. miRNA-222 was 
found to negatively regulate insulin signaling pathways 
in adipocytes, limiting adipogenesis and insulin sensi-
tivity34. It promotes insulin resistance by suppressing 
IRS1 expression in liver and skeletal muscle tissues44. 
However, there is much to learn about the impact of 
miRNA-222 on each organ of patients with T2DM as 
studies reported various pathological impacts on each 
organ45. Such understanding could promote new diag-
nostic biomarkers and therapeutic targets for T2DM. 
Therefore, these miRNAs were examined statistically to 

show any potential diagnostic relevance, and findings 
demonstrated that all three miRNAs possess strong 
diagnostic potential, with high AUC values indicat-
ing their reliability in distinguishing between pre-and 
post-treatment states. These findings highlight the 
potential utility of circulating miRNAs not only as bio-
markers of disease presence but also as dynamic indica-
tors of therapeutic response. 46

Despite the promising findings, this study has sev-
eral limitations. The sample size was relatively small. 
The miRNA expression was only measured at two-time 
points (before and after treatment), without interme-
diate follow-up to track temporal expression changes. 
Further research incorporating functional studies 
and exploring miRNA targets would provide deeper 
insights into the mechanistic pathways influenced by 
liraglutide. 47,48

CONCLUSION

Liraglutide therapy in patients with T2DM signifi-
cantly improves glycemic control and modulates the 
expression of key circulating miRNAs. The observed 
upregulation of miRNA-146a and miRNA-222 and 
downregulation of miRNA-21 suggest a shift toward 
a more favorable metabolic and inflammatory profile. 
These findings underscore the potential role of miR-
NAs as both biomarkers and mediators of liraglutide’s 
therapeutic effects, which could offer a novel perspec-
tive on individualized treatment monitoring and opti-
mization in T2DM.
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