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General Hospital, Shanghai Jiao Tong University, Shanghai, China

Objective: Patients with type 2 diabetes have a high risk of non-alcoholic fatty
liver disease (NAFLD) and related liver fibrosis. Glucagon-like peptide-1
receptor agonists (GLP-1RAs) have demonstrated efficacy in improving
NAFLD, while their effectiveness on liver fibrosis is limited in type 2
diabetic patients.

Materials/Methods: A prospective cohort study was performed in type 2
diabetic patients. The study subjects were divided into two groups based on
the use of liraglutide or not, and propensity score matching (PSM) was also
conducted. After 12 months follow-up, liver fibrosis was assessed by NAFLD
fibrosis score (NFS) fibrosis-4 (FIB-4), and liver stiffness measurement (LSM).
The association between liraglutide use and liver fibrosis was analyzed by
multivariable linear regression.

Results: In the current study, a total of 1,765 type 2 diabetic patients were
enrolled. 262 patients were liraglutide user and 1,503 were nouser. After 12
months follow-up, liraglutide use tended to be associated with reduced
prevalence of advanced fibrosis (3.1% vs. 6.1%, P = 0.218). After adjustment
for confounding factors, multivariable linear regression revealed that liraglutide
use was negatively associated with decreased NFS (3= -0.34, P = 0.043), FIB4
(B= -0.26, P = 0.044) and LSM (B= -4.95, P = 0.007) in type 2 diabetics. The
results after PSM were similar to those before PSM.

Conclusions: Liraglutide treatment is associated with decreased liver fibrosis in
type 2 diabetic subjects.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most
frequent chronic liver disorder worldwide, which includes a
range of pathological conditions from simple steatosis to
nonalcoholic steatohepatitis (NASH), fibrosis and even
hepatocellular carcinoma (HCC) (1). The incidence of NAFLD
is rising along with obesity and type 2 diabetes mellitus (T2DM).
NAFLD is estimated to affect up to 25% of the general
population and 70%-80% of people with T2DM (1-3). T2DM
further promotes the progression of NAFLD from simple
steatosis to NASH and fibrosis (3).

During the last decade, it has grown increasingly evident that
hepatic fibrosis is the strongest predictor of NAFLD-related
morbidity and mortality (4, 5). The presence of clinically
relevant liver fibrosis (F2 to F4) can occur in up to 15% of those
with NAFLD and T2DM (6). Early recognition and treatment of
NAFLD and liver fibrosis in people with T2DM are crucial.
Although liver biopsy remains the gold-standard diagnosis of
fibrosis, several non-invasive indices including NAFLD fibrosis
score (NFS) and fibrosis-4 (FIB-4) can be used to estimate the
prevalence and extent of fibrosis (7, 8). With regard to the
treatment of NAFLD, up to date the pharmacological therapy of
NAFLD and related liver fibrosis is still rare.

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are
subcutaneous antidiabetic drugs approved for the treatment of
T2DM. They are also effective in reducing both body weight and
visceral adipose tissue, and have beneficial effects on the risk of
cardiovascular and renal outcomes (9-13). In addition, recent
evidence has shown that GLP-1RAs also improve hepatic
histological components of NAFLD (14-16). Liraglutide and
semaglutide consistently resolved NASH histologically in 40% to
60% of patients (17, 18). However, their effects on fibrosis in
NAFLD were inconsistent (17, 18). Thus, it remains to be
determined whether GLP-1RAs have ameliorative effects on
NAFLD related liver fibrosis.

The present study was therefore conceived to explore the
association between liraglutide use and liver fibrosis related to
NAFLD in an unselected sample of adults with T2DM.

Methods
Subjects

All subjects were enrolled from the department of
Endocrinology and Metabolism at Shanghai General Hospital
from May 2017 to June 2021. Diagnosis of type 2 diabetes was
based on the 1999 World Health Organization criteria. A
standard questionnaire was distributed to all participants,
which asked questions about present and past illnesses and
medical treatment, and subjects with an alcohol intake >140
grams per week for men and 70 grams per week for women, with
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hepatitis, auto-immune hepatitis, or any other chronic liver
disease, and with the treatment of pioglitazone and other
GLP-1RAs rather than liraglutide were excluded from the
study. The subjects were followed for 12 months and data was
collected at baseline and 12 months later. In the end, 1,765 type 2
diabetic patients were included in the final analysis. The
Institutional Review Board of Shanghai General Hospital
affiliated to Shanghai Jiao Tong University School of Medicine
approved this study, which was performed in accordance with
the principle of the Helsinki Declaration II. Written informed
consent was obtained from all subjects.

Anthropometric and biochemical
measurements

Body weight, height, systolic and diastolic blood pressure
(SBP, DBP) were measured after overnight fasting for at least 8
hours. BMI was calculated by dividing the body weight by the
square of height in meters.

A nurse with extensive experience collected blood samples.
Biochemical parameters including serum triglycerides (TG), total
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), alanine
aminotransferase (ALT), aspartate aminotransferase (AST), serum
creatinine (Scr) and serum uric acid (SUA) were measured using an
autoanalyzer (Beckman, Palo Alto, CA). Blood glucose were
measured with glucose oxidase method and HbAlc was evaluated
by high-performance liquid chromatography.

Non-invasive assessments of liver fibrosis

NES was calculated according previous study: —1.675 + 0.037 x
age (years) + 0.094 x BMI (kg/mz) + 1.13 x IFG/diabetes (yes = 1,
no = 0) + 0.99 x AST/ALT ratio — 0.013 x platelet (x10°/L) - 0.66 x
albumin (g/dL) (7). As all subjects in the present study were
diabetic, so NFS = —1.675 + 0.037 x age (years) + 0.094 x BMI
(kg/m?) + 1.13 + 0.99 x AST/ALT ratio — 0.013 x platelet (x10°/L)
— 0.66 x albumin (g/dL). FIB-4 was calculated as follow: (age
(years) x AST (U/L))/(platelet count (x 10°/L) x ALT (U/L)1/2) (8).
In addition, liver stiffness measurement (LSM) was performed using
Fibroscan (Echosens®, Paris, France).

Statistical analysis

All statistical analyses were performed using SPSS 13.0
(Chicago, IL). Continuous variables were presented as means
+ SD or median (interquartile range). Differences among groups
were tested by ¢ test for continuous variables and x* test for
categorical variables. Multivariate linear regression model was
performed to evaluate the independent association between
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liraglutide use and liver fibrosis assessed by NFS. P < 0.05 was
considered statistically significant.

Results

Baseline clinical characteristics of the
subjects before and after matching

Among the 1,765 type 2 diabetic patients, 262 were taking
liraglutide users and 1,503 were nousers. Clinical characteristics
of the subjects according to the use of liraglutide were
summarized in Table 1. Proportion of female, BMI, DBP,
duration of diabetes, ALT, AST, UA, HbA1C was significantly
higher, while age, HDL-C was lower in the user of liraglutide
when compared with the nousers (all P < 0.05). There was no
significant difference in SBP, FBG, Scr, TC, LDL-C and NEFS
between the two groups.

Furthermore, the subjects were propensity score matching
(PSM) (1:1) according to the age, sex and BMI of the subjects.
Clinical characteristics of the matched population was exhibited
in Table 2, liraglutide users and nousers had similar age and sex
proportion, and the difference of BMI was decreased when
compared with the difference before PSM.

Effects of liraglutide on clinical data and
the prevalence of advanced liver fibrosis

After a 12-month follow-up, liraglutide users showed a
significant reduction in body weight and BMI compared to the
control group (all P < 0.05). In contrast, there was no significant
differences in HbAlc and ALT (Figures 1A-D). After PSM,
similar results were observed in the cohort (Figures 1E-H).

Next, liver fibrosis was evaluated by NFS and the overall
prevalence of advanced liver fibrosis (NFS > 0.676) was 5.0%. At
baseline, the prevalence of advanced liver fibrosis in the control
and liraglutide group was 4.4% and 8.3%, respectively (P < 0.01).
After 12 months treatment, the prevalence of advanced liver
fibrosis in the two group was comparable (3.4% vs. 3.1%, P >
0.05) (Figure 2A). In the cohort after PSM, the prevalence of
advanced liver fibrosis in the control and liraglutide group at
baseline was 5.3% and 8.1%, respectively (P > 0.05). After 1 year
treatment, the prevalence of advanced liver fibrosis was 6.1%,
while that in the liraglutide group was decreased to 3.1%, though
the difference was not significant probably due to the limit of
sample size (P = 0.218) (Figure 2B).

Association of liraglutide use with
liver fibrosis

Using multivariate linear regression, we further studied the
independent association between liraglutide use and noninvasive
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liver fibrosis markers including NFS and FIB-4. As shown in
Table 3, liraglutide use was negatively associated with NFS after
adjustment for age, sex, BMI, SBP, DBP, smoking, drinking and
duration of diabetes (model 1). After further adjustment for
FBG, HbAlc, TG, TC, LDL-C and HDL-C (model 2), liraglutide
use remained significantly correlated with NFS. Finally,
additional adjustment of the use of other antidiabetic
medicines including metformin, SGLT2i, sulfonylurea, DPP-4i
and insulin also did not significantly change the association
between liraglutide use and NFS (model 3). The association
between liraglutide and NFS was further analyzed after PSM,
and the results were consistent with those before PSM (Table 3).
Consistently, use of liraglutide was also negatively associated
with FIB-4 before and after PSM (Table 4).

Furthermore, we investigated the effect of liraglutide on LSM
performed by transient elastography. As expected, treatment of
liraglutide was associated with reduced LSM after adjustment of
confounders (B: -4.95; 95%CI:-8.43, -1.47; P=0.007).

Discussion

NAFLD related liver fibrosis affects a large proportion of
individuals with T2DM. Nonetheless, to date, no medicine has
been approved for the treatment NAFLD and liver fibrosis. In
the present study, we explored the association of liraglutide use
and liver fibrosis in T2DM patients. It was found that liraglutide
use was negatively associated with liver fibrosis in patients
with T2DM.

NAFLD and related liver fibrosis is common in patients with
T2DM. In one recent study, the prevalence of NAFLD in T2DM
patients was 70%, while advanced liver fibrosis is 9% (6). In
another meta-analysis, the prevalence of NAFLD in patients
with T2DM was 55.5%, while the prevalence of advanced fibrosis
is 17.0%. In our study, NFS was used as a marker of liver fibrosis
and the prevalence of advanced liver fibrosis in T2DM was 5.0%.
Different populations and methods to assess liver fibrosis may be
responsible for the inconsistency in the above studies. In fact,
T2DM has been recognized a promoter of liver fibrosis. Though
the underlying mechanisms remain largely unknown, insulin
resistance and hyperglycemia may contribute to liver fibrosis in
T2DM patients (19, 20).

GLP-1RAs are widely used in the treatment of T2DM and
are effective in lowering blood glucose level and body weight. In
recent years, the role of GLP-1RAs in NAFLD has also been
investigated. The role of GLP-1RAs in hepatic steatosis and
NASH is demonstrated in the previous studies (15, 16, 18). In
contrast, its role in liver fibrosis in NAFLD is still controversial.
In the Liraglutide Efficacy and Action in Non-alcoholic
steatohepatitis (LEAN) randomized phase 2 trial, liraglutide
improved NASH as well as reduced fibrosis progression both
in diabetics and non-diabetics (15). More recently, a phase 2
study of semaglutide, a longer-acting GLP-1RA has also shown
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TABLE 1 Baseline data in the population according the use of liraglutide before PSM.

Characteristics Liraglutide nonusers
Number 1503
Age (years) 50.7 + 11.9
DBP (mmHg) 77.1 £10.8
SBP (mmHg) 1293 +17.3
BMI (kg/m?) 252+33
Duration (months) 53.1 +73.0
FBG (mmol/L) 83 +31
HbAlc (%) 85+22
ALT (IU/L) 30.2 +30.8
AST (IU/L) 239 +19.1
Scr (Wmol/L) 68.6 + 205.0
UA (umol/L) 339.5 + 100.7
TG (mmol/L) 22+32
TC (mmol/L) 48 +14
HDL-C (mmol/L) 1.0£03
LDL-C (mmol/L) 28 +1.0
NEFS -1.2+£1.2
Sex (n,%)

Female 471 (31.3%)
Male 1032 (68.7%)

Current smoking (n,%)

0 787 (69.8%)
1 341 (30.2%)
Current drinking (n,%)

0 701 (51.7%)
1 654 (48.3%)

Metformin (n,%)

0 506 (33.7%)
1 997 (66.3%)
Akabose (n,%)

0 1011 (67.3%)
1 492 (32.7%)
DPP-4i (n,%)

0 537 (35.7%)
1 966 (64.3%)
SGLT-2i (n,%)

0 1282 (85.3%)
1 221 (14.7%)
Sulfonylurea (n,%)

0 1203 (80.0%)
1 300 (20.0%)
Insulin (n,%)

0 1100 (73.2%)
1 403 (26.8%)

Liraglutide users P value
262

47.8 £12.9 <0.001
79.0 +10.1 0.007
128.8 £16.5 0.677
293 +34 <0.001
80.4 + 85.2 <0.001
8.1+28 0351
8.8+ 2.0 0.045
36.6 + 28.6 0.002
27.4£19.9 0.007
64.1£27.6 0.727
361.2 +99.7 0.001
26£27 0.05
48+ 15 0555
09£02 <0.001
27+ 10 0.14
12+13 0.689
0.002

108 (41.2%)
154 (58.8%)

0.028
166 (77.2%)
49 (22.8%)
0.787
128 (52.7%)
115 (47.3%)
<0.001
41 (15.6%)
221 (84.4%)
<0.001
119 (45.4%)
143 (54.6%)
<0.001
262 (100.0%)
0 (0.0%)
<0.001
165 (63.0%)
97 (37.0%)
<0.001
245 (93.5%)
17 (6.5%)
<0.001

162 (61.8%)
100 (38.2%)

DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP1-RAs, glucagon-like peptide 1 receptor agonists; HbAlc, hemoglobin Alc; SGLT-2i, sodium glucose co-transporters 2 inhibitor; TZD, thiazolidinedione.

to effectively reduce liver enzymes and amealioate NASH after
72 weeks of therapy. Nevertheless, the study failed to show any
significant improvement in fibrosis stage (18). In another real-
world study, GLP-1RAs use was shown to improve markers of
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liver fibrosis in T2DM (21). Consistently, we observed decreased
prevalence of advance liver fibrosis in T2DM individuals treated
with liraglutide compared with nousers. In addition, liraglutide
use was negatively associated with NFS, FIB-4 and LSM, three
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TABLE 2 Baseline data in the population according the use of GLP-1RAs after PSM.

Characteristics

Number

Age (years)

BMI (kg/m?)
DBP (mmHg)
SBP (mmHg)
Duration (months)
FBG (mmol/L)
HbAlc (%)

ALT (IU/L)

AST (IU/L)

Scr (wmol/L)

UA (umol/L)

TC (mmol/L)

TG (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
NEFS

FIB-4

Sex (n,%)

0

1

Current smoking (n,%)
0

1

Current drinking (n,%)
0

1

Metformin (n,%)
0

1

Akarbose (n,%)

0

1

DPP-4i (n,%)

0

1

SGLT-2i (n,%)

0

1

Sulfonylurea (n,%)
0

1

Insulin (n,%)

0

1

Liraglutide nonusers

254
49.0 £ 13.2
278 +43
78.8 £ 11.5
133.0 £ 17.1
40.8 £ 58.5

8.6+32
8.6 £2.2
37.0 £ 58.0
28.6 + 38.6
61.2 £ 15.5
350.5 + 94.6
49+ 14
22+18
1.0£0.2
29+09
-1+ 1.3
12+£0.8

98 (38.6%)
156 (61.4%)

184 (72.7%)
69 (27.3%)

173 (68.9%)
78 (31.1%)

72 (28.3%)
182 (71.7%)

202 (79.5%)
52 (20.5%)

106 (41.7%)
148 (58.3%)

209 (82.3%)
45 (17.7%)

210 (82.7%)
44 (17.3%)

202 (79.5%)
52 (20.5%)

Liraglutide users

254
47.8 £12.9
29.1 £33
79.1 £10.0
128.8 + 16.6
81.0 £ 85.9

82+28
8.8+2.0
36.9 +28.9
27.4 £20.0
64.1 £27.6
361.3 £99.3
48+ 15
2627
09+0.2
27 +1.0
-12+13
1.1+£0.7

102 (40.2%)
152 (59.8%)

189 (74.7%)
64 (25.3%)

166 (65.6%)
87 (34.4%)

40 (15.7%)
214 (84.3%)

115 (45.3%)
139 (54.7%)

254 (100.0%)
0 (0.0%)

161 (63.4%)
93 (36.6%)

237 (93.3%)
19 (6.7%)

156 (61.4%)
98 (38.6%)

10.3389/fendo.2022.935180

P value

0.313
<0.001
0.783
0.006
<0.001
0.107
0.314
0.978
0.654
0.148
0.212
0.311
0.071
<0.001
0.037
0.523
0.042
0.716

0.614

0.428

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP1-RAs, glucagon-like peptide 1 receptor agonists; HbAlc, hemoglobin Alc; SGLT-2i, sodium glucose co-transporters 2 inhibitor; TZD,

thiazolidinedione.
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FIGURE 1

Changes of the clinical characteristics after 12-months follow-up. (A-D) The changes of body weight, BMI, HbAlc and ALT after 12-month
follow-up in all T2DM patients with or without GLP-1RAs use. (E-H) The changes of body weight, BMI, HbAlc and ALT after 12-month flow-up
in T2DM patients with or without GLP-1RAs use after PSM. *P < 0.05.
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FIGURE 2

Change of the prevalence of advanced liver fibrosis after 12-month follow-up. (A) The prevalence of advanced liver fibrosis at baseline and 12-
month follow-up in all T2DM patients with or without GLP-1RAs use. (B) The prevalence of advanced liver fibrosis at baseline and 12-month
follow-up in T2DM patients with or without GLP-1RAs use after PSM.
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TABLE 3 Association between GLP-1RAs use and NFS before and PSM.

Before PSM B
Model 1 -0.2
Model 2 -0.32
Model 3 -0.34
After PSM

Model 1 -0.3
Model 2 -0.3
Model 3 -0.27

10.3389/fendo.2022.935180

TABLE 4 Association between GLP-1RAs use and FIB-4 before and after PSM.

Before PSM B
Model 1 -0.17
Model 2 -0.24
Model 3 -0.26
After PSM

Model 1 -0.23
Model 2 -0.23
Model 3 -0.25

95%CI p
-0.45, 0.04 0.104
-0.62, -0.02 0.037
-0.67, -0.01 0.043
-0.54, -0.07 0.012
-0.55, -0.05 0.018
-0.54, -0.01 0.045

95%CI p
-0.34, -0.01 0.048
-0.48, -0.01 0.045
-0.51, -0.01 0.044
-0.42, -0.03 0.022
-0.43, -0.04 0.021
-0.46, -0.04 0.021

noninvasive assessments of liver fibrosis. Thus, our study
provides additional clinical evidence of a possible role of GLP-
1RAs in the treatment of liver fibrosis in T2DM patients.

The mechanism of GLP-1RAs’ role on NAFLD is still not well
illustrated. Reduction in body weight is one of the reason
responsible for the favorable effect of GLP-1RAs on NAFLD.
Besides, GLP-1RAs have anti-inflammatory and antioxidant
properties and contributed to significant reductions in
biomarkers of inflammation and oxidative stress in clinical trials
(22). In animal models, GLP-1RAs treatment could alleviate
inflammation in liver (especially M1 pro-inflammatory
macrophages accumulation) (23). These properties of GLP-
1RAs could confer its protection against liver fibrosis.

The present study has several limitations that need to be
considered. First, the follow up period was relative short, which
may affect the association between liraglutide use and liver
fibrosis. Second, this study did not include a diagnosis of
NAFLD, which precluded stratifying by the presence or
absence of NAFLD. Third, fibrosis was not evaluated by liver
biopsy. Nevertheless, NFS, FIB-4 and LSM has become widely
used detect liver fibrosis.

Conclusion

In conclusion, the present study showed that GLP-1RA use
was negatively correlated with liver fibrosis in type 2 diabetic
patients. GLP-1RAs may be a therapy to ameliorate liver fibrosis
in type 2 diabetic patients.

Frontiers in Endocrinology

07

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by The Institutional Review Board of Shanghai
General Hospital affiliated to Shanghai Jiao Tong University
School of Medicine. The patients/participants provided their
written informed consent to participate in this study.

Author contributions

Study design: NF and YP; Collection and assembly of data:
YT and QZ; Data analysis and interpretation: All authors;
Manuscript writing: All authors; Final approval of manuscript:
All authors.

Funding

This study was supported by the Natural Science Foundation
of China (81870596, 81400785) , the Shanghai Natural Science
Foundation (21ZR1451200), Clinical research plan of SHDC
[No.SHDC2020CR1016B], Shanghai Jiao Tong University

frontiersin.org


https://doi.org/10.3389/fendo.2022.935180
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Tan et al.

Research Funding on Medical, Engineering Interdisciplinary
Project (YG2019GDO5), Multi-center Clinical Research Project of
Shanghai Jiao Tong University School of Medicine (DLY201824),
The third round cooperation project of Songjiang district
municipal Health Commission (0702N18003), Shanghai General
Hospital Clinical Research Innovation Team Project
(CTCCR-2018A02).

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial

References

1. Cotter TG, Rinella M. Nonalcoholic fatty liver disease 2020: The state of the
disease. Gastroenterology (2020) 158(7):1851-64. doi: 10.1053/j.gastro.2020.01.052

2. Younossi ZM, Golabi P, de Avila L, Paik JM, Srishord M, Fukui N, et al. The
global epidemiology of NAFLD and NASH in patients with type 2 diabetes: A
systematic review and meta-analysis. ] Hepatol (2019) 71(4):793-801. doi: 10.1016/
1jhep.2019.06.021

3. Stefan N, Cusi K. A global view of the interplay between non-alcoholic fatty
liver disease and diabetes. Lancet Diabetes Endocrinol (2022) 10(4):284-96. doi:
10.1016/52213-8587(22)00003-1

4. Unalp-Arida A, Ruhl CE. Liver fibrosis scores predict liver disease mortality
in the United States population. Hepatol (Baltimore Md) (2017) 66(1):84-95. doi:
10.1002/hep.29113

5. Taylor RS, Taylor R], Bayliss S, Hagstrom H, Nasr P, Schattenberg JM, et al.
Association between fibrosis stage and outcomes of patients with nonalcoholic fatty
liver disease: A systematic review and meta-analysis. Gastroenterology (2020) 158
(6):1611-25.e12. doi: 10.1053/j.gastro.2020.01.043

6. Lomonaco R, Godinez Leiva E, Bril F, Shrestha S, Mansour L, Budd J, et al.
Advanced liver fibrosis is common in patients with type 2 diabetes followed in the
outpatient setting: The need for systematic screening. Diabetes Care (2021) 44
(2):399-406. doi: 10.2337/dc20-1997

7. Angulo P, Hui JM, Marchesini G, Bugianesi E, George ], Farrell GC, et al. The
NAFLD fibrosis score: a noninvasive system that identifies liver fibrosis in patients
with NAFLD. Hepatol (2007) 45(4):846-54. doi: 10.1002/hep.21496

8. Binet Q, Loumaye A, Preumont V, Thissen JP, Hermans MP, Lanthier N.
Non-invasive screening, staging and management of metabolic dysfunction-
associated fatty liver disease (MAFLD) in type 2 diabetes mellitus patients: What
do we know so far? Acta Gastroenterol Belg (2022) 85(2):346-57. doi: 10.51821/
85.2.9775

9. Marsico F, Paolillo S, Gargiulo P, Bruzzese D, Dell'Aversana S, Esposito I,
et al. Effects of glucagon-like peptide-1 receptor agonists on major cardiovascular
events in patients with type 2 diabetes mellitus with or without established
cardiovascular disease: A meta-analysis of randomized controlled trials. Eur
Heart J (2020) 41(35):3346-58. doi: 10.1093/eurheartj/ehaa082

10. Yang CT, Yang CY, Ou HT, Kuo S. Comparative cardiovascular safety of
GLP-1 receptor agonists versus other glucose-lowering agents in real-world
patients with type 2 diabetes: A nationwide population-based cohort study.
Cardiovasc Diabetol (2020) 19(1):83. doi: 10.1186/s12933-020-01053-0

11. Sattar N, Lee MMY, Kristensen SL, Branch KRH, Del Prato S, Khurmi NS,
et al. Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists
in patients with type 2 diabetes: A systematic review and meta-analysis of
randomised trials. Lancet Diabetes Endocrinol (2021) 9(10):653-62. doi: 10.1016/
$2213-8587(21)00203-5

12. Wilding JPH, Batterham RL, Calanna S, Davies M, Van Gaal LF, Lingvay I,
et al. Once-weekly semaglutide in adults with overweight or obesity. N Engl ] Med
(2021) 384(11):989. doi: 10.1056/NEJM0a2032183

Frontiers in Endocrinology

08

10.3389/fendo.2022.935180

relationships that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

13. Neeland IJ, Marso SP, Ayers CR, Lewis B, Oslica R, Francis W, et al. Effects
of liraglutide on visceral and ectopic fat in adults with overweight and obesity at
high cardiovascular risk: A randomised, double-blind, placebo-controlled, clinical
trial. Lancet Diabetes Endocrinol (2021) 9(9):595-605. doi: 10.1016/52213-8587
(21)00179-0

14. Mantovani A, Byrne CD, Targher G. Efficacy of peroxisome proliferator-
activated receptor agonists, glucagon-like peptide-1 receptor agonists, or sodium-
glucose cotransporter-2 inhibitors for treatment of non-alcoholic fatty liver disease:
a systematic review. Lancet Gastroenterol Hepatol (2022) 7(4):367-78. doi: 10.1016/
$2468-1253(21)00261-2

15. Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker R, et al.
Liraglutide safety and efficacy in patients with non-alcoholic steatohepatitis
(LEAN): A multicentre, double-blind, randomised, placebo-controlled phase 2
study. Lancet (London England) (2016) 387(10019):679-90. doi: 10.1016/S0140-
6736(15)00803-X

16. Patel Chavez C, Cusi K, Kadiyala S. The emerging role of glucagon-like
peptide-1 receptor agonists for the management of NAFLD. J Clin Endocrinol
Metab (2022) 107(1):29-38. doi: 10.1210/clinem/dgab578

17. Barritt AS, Marshman E, Noureddin M. Review article: role of glucagon-like
peptide-1 receptor agonists in non-alcoholic steatohepatitis, obesity and diabetes-
what hepatologists need to know. Aliment Pharmacol Ther (2022) 55(8):944-59.
doi: 10.1111/apt.16794

18. Newsome PN, Buchholtz K, Cusi K, Linder M, Okanoue T, Ratziu V, et al. A
placebo-controlled trial of subcutaneous semaglutide in nonalcoholic steatohepatitis.
N Engl ] Med (2021) 384(12):1113-24. doi: 10.1056/NEJM0a2028395

19. Lin CY, Adhikary P, Cheng K. Cellular protein markers, therapeutics, and
drug delivery strategies in the treatment of diabetes-associated liver fibrosis.
Advanced Drug Deliv Rev (2021) 174:127-39. doi: 10.1016/j.addr.2021.04.008

20. Kumar V, Xin X, Ma J, Tan C, Osna N, Mahato RIL Therapeutic targets,
novel drugs, and deliv systems for diabetes associated NAFLD and liver fibrosis.
Advanced Drug Deliv Rev (2021) 176:113888. doi: 10.1016/j.addr.2021.113888

21. Colosimo S, Ravaioli F, Petroni ML, Brodosi L, Marchignoli F, Barbanti FA,
et al. Effects of antidiabetic agents on steatosis and fibrosis biomarkers in type 2
diabetes: A real-world data analysis. Liver Int Off ] Int Assoc Study Liver (2021) 41
(4):731-42. doi: 10.1111/1iv.14799

22. Bray JJH, Foster-Davies H, Salem A, Hoole AL, Obaid DR, Halcox JP]J, et al.
Glucagon-like peptide-1 receptor agonists improve biomarkers of inflammation
and oxidative stress: A systematic review and meta-analysis of randomised
controlled trials. Diabetes Obes Metab (2021) 23(8):1806-22. doi: 10.1111/
dom.14399

23. Somm E, Montandon SA, Loizides-Mangold U, Gaia N, Lazarevic V, De
Vito C, et al. The GLP-1R agonist liraglutide limits hepatic lipotoxicity and
inflammatory response in mice fed a methionine-choline deficient diet.
translational research. J Lab Clin Med (2021) 227:75-88. doi: 10.1016/
j.trs.2020.07.008

frontiersin.org


https://doi.org/10.1053/j.gastro.2020.01.052
https://doi.org/10.1016/j.jhep.2019.06.021
https://doi.org/10.1016/j.jhep.2019.06.021
https://doi.org/10.1016/S2213-8587(22)00003-1
https://doi.org/10.1002/hep.29113
https://doi.org/10.1053/j.gastro.2020.01.043
https://doi.org/10.2337/dc20-1997
https://doi.org/10.1002/hep.21496
https://doi.org/10.51821/85.2.9775
https://doi.org/10.51821/85.2.9775
https://doi.org/10.1093/eurheartj/ehaa082
https://doi.org/10.1186/s12933-020-01053-0
https://doi.org/10.1016/S2213-8587(21)00203-5
https://doi.org/10.1016/S2213-8587(21)00203-5
https://doi.org/10.1056/NEJMoa2032183
https://doi.org/10.1016/S2213-8587(21)00179-0
https://doi.org/10.1016/S2213-8587(21)00179-0
https://doi.org/10.1016/S2468-1253(21)00261-2
https://doi.org/10.1016/S2468-1253(21)00261-2
https://doi.org/10.1016/S0140-6736(15)00803-X
https://doi.org/10.1016/S0140-6736(15)00803-X
https://doi.org/10.1210/clinem/dgab578
https://doi.org/10.1111/apt.16794
https://doi.org/10.1056/NEJMoa2028395
https://doi.org/10.1016/j.addr.2021.04.008
https://doi.org/10.1016/j.addr.2021.113888
https://doi.org/10.1111/liv.14799
https://doi.org/10.1111/dom.14399
https://doi.org/10.1111/dom.14399
https://doi.org/10.1016/j.trsl.2020.07.008
https://doi.org/10.1016/j.trsl.2020.07.008
https://doi.org/10.3389/fendo.2022.935180
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Association between use of liraglutide and liver fibrosis in patients with type 2 diabetes
	Introduction
	Methods
	Subjects
	Anthropometric and biochemical measurements
	Non-invasive assessments of liver fibrosis
	Statistical analysis

	Results
	Baseline clinical characteristics of the subjects before and after matching
	Effects of liraglutide on clinical data and the prevalence of advanced liver fibrosis
	Association of liraglutide use with liver fibrosis

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


