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SUMMARY
OBJECTIVE: To investigate the clinical efficacy and the possible mechanisms of saxagliptin in the treatment of type 2 diabetes mellitus 
(T2DM) combined with non-alcoholic fatty liver disease (NAFLD). 
METHODS: A total of 95 T2DM and NAFLD patients were randomly divided into group A (saxagliptin group), group B (glimepiride 
group), and group C (glimepiride combined with polyene phosphatidylcholine group). 
RESULTS: After intervention treatment for 24 w, body mass index (BMI), waist-to-hip ratio (WHR), glycated haemoglobin (HbA1c), 
fasting plasma glucose (FPG), fasting insulin (FINS), homeostatic model assessment of insulin resistance (HOMA-IR), interleukin-6 
(IL-6), triglyceride (TG), total cholesterol (TC), alanine aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyltrans-
ferase (γ-GT), and quantitative detection of liver steatosis of study subjects were observed, the action of liver steatosis in subjects of 
groups A and C were significantly different from those of group B; however, there were no differences between groups A and C. The 
FINS, HOMA-IR, and IL-6 of subjects in group A was lower than those in groups B and C; however, there were no significant differences 
between the latter two groups. 
CONCLUSION: For T2DM combined with NAFLD patients, the saxagliptin treatment could not only effectively control blood glucose but 
also attenuate insulin resistance and inflammatory injury of the liver to improve fatty liver further. 
KEYWORDS: Dipeptidyl-peptidase IV inhibitors/therapeutic use. Diabetes mellitus, type 2. Interleukin-6. Fatty liver. Non-alcoholic fatty 
liver disease.
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INTRODUCTION

Non-alcoholic fatty acid disease (NAFLD) refers 
to one type of metabolic stress-induced liver inju-
ry syndrome that is closely associated with insulin 
resistance and genetic susceptibility resulting from 
factors other than alcohol and other clear liver injury 
factors1. Epidemiological survey results have shown 

that the prevalence of NAFLD in the world reaches 
30%, the prevalence of combined NAFLDs among 
type 2 diabetes mellitus (T2DM) patients reaches 
34%-74%, and NAFLD is present in almost all T2DM 
combined with obesity patients2. Insulin resistance 
is even more evident in T2DM combined with NAFLD 
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titative detection of liver steatosis of subjects among 
the three groups before enrolment were not signifi-
cantly different (p>0.05) (Table 1) and had compara-
bility. 

Comparison of the control of BMI, WHR, 
blood glucose, and blood lipids after 24 w of 
treatment among all groups 
BMI, WHR, HbA1c, FPG, TC, and TG of subjects 

among the three groups were not significantly dif-
ferent at the observation endpoint (p>0.05) (Table 
2), suggesting that the hypoglycemic efficacy in the 
saxagliptin treatment group was equivalent to that in 
the glimepiride group. 

Comparison of liver functions, quantitative 
detection of liver steatosis, FINS, HOMA-IR, 
and IL-6 among all groups after 24 w of treat-
ment 
ALT, AST, γ-GT, and quantitative detection of liver 

steatosis of subjects in groups A and C were all lower 
than that in group B, and the differences were signif-
icant (p<0.05); in contrast, there were no differences 
between groups A and C. FINS, HOMA-IR, and IL-6 
of subjects in group A was lower than those in groups 
B and C (p<0.05); however, there was no significant 
difference between the latter 2 groups (Table 3).

DISCUSSION

Dipeptidyl peptidase-4 (DPP-4) inhibitors can stim-
ulate pancreatic islet β cells to secrete insulin and 

TABLE 1. COMPARISON OF BASELINE CLINICAL INFORMATION OF SUBJECTS AMONG ALL GROUPS

Group Number of 
cases
(male/fe-
male)

Age
(year)

Disease 
history
(month)

BMI
(kg/m2)

WHR
(cm/cm)

HbA1c
(%)

FPG
(mmol/L)

FINS
(µIU/ml)

HO-
MA-IR

IL-6
(pg/ml)

Group A 31 (15/16) 46.58±8.15 11.32±6.64 27.20±4.06 0.89±0.06 7.79±0.52 7.86±1.25 10.63±2.25 3.72±0.98 10.60±8.20
Group B 33 (17/16) 47.36±9.40 10.15±7.55 26.46±3.23 0.89±0.05 7.82±0.61 7.57±1.24 9.97±2.45 3.37±0.99 10.05±7.57
Group C 31 (16/15) 49.26±8.94 9.55±5.37 26.02±2.91 0.88±0.05 7.85±0.57 7.54±0.98 10.57±2.61 3.55±1.02 11.36±9.10
F 0.084 0.908 2.448 2.544 0.218 1.659 0.230 0.639 0.148 0.270
p 0.959 0.407 0.092 0.084 0.805 0.196 0.795 0.530 0.863 0.764

Group Number of 
cases
(male/fe-
male)

Age
(year)

Disease 
history
(month)

TC
(mmol/L)

TG
(mmol/L)

ALT
(U/L)

AST
(U/L)

γ-GT
(U/L)

Quantitative 
detection of 
liver steatosis 
(%)

Group A 31 (15/16) 46.58±8.15 11.32±6.64 5.35±0.94 1.98±1.08 31.74±18.99 32.48±20.33 51.19±27.01 20.50±8.96
Group B 33 (17/16) 47.36±9.40 10.15±7.55 5.55±0.79 2.13±0.84 28.36±14.55 28.88±14.08 46.61±20.26 21.11±8.85
Group C 31 (16/15) 49.26±8.94 9.55±5.37 5.57±1.20 2.06±1.02 30.26±13.05 27.13±12.17 45.00±21.37 22.03±9.19
F 0.084 0.908 2.448 1.816 0.164 1.643 2.314 2.436 0.229
p 0.959 0.407 0.092 0.169 0.849 0.199 0.105 0.093 0.796

patients, and the risk of cardio-cerebrovascular dis-
eases increases in these patients. Therefore, during 
the control of blood glucose compliance, it would 
be more beneficial also to improve fatty liver at the 
same time. Studies in recent years have suggested 
that the development and progression of various 
chronic liver diseases are associated with dipepti-
dyl peptidase-4 (DPP-4). NAFLD patients have higher 
levels of serum DPP-4, and administration of DPP-4 
inhibitor treatment can improve liver functions and 
hepatocyte degeneration levels in these patients3,4; 
however, its possible mechanisms are still not com-
pletely elucidated. This study aimed to observe the 
efficacy of saxagliptin in the reduction of glucose and 
the improvement of fatty liver in newly diagnosed 
T2DM patients combined with NAFLD and to inves-
tigate the possible mechanisms underlying the im-
provement of fatty liver.

INVESTIGATIONS AND RESULTS

A total of 95 subjects were enrolled in this study. 
Group A had 31 cases, and 1 case was lost during fol-
low-up; group B had 33 cases, and no case was lost 
during follow-up, and group C had 31 cases, and 2 
cases were lost during follow-up. A total of 92 sub-
jects completed this study.

Comparison of baseline clinical information 
among all groups 
Age, gender, DM history, BMI, WHR, HbA1c, 

FPG, FINS, IL-6, TG, TC, ALT, AST, γ-GT, and quan-
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can also inhibit abnormal secretion of glucagon by 
α cells, functioning on the α,β-double-channel glu-
cose-dependent blood glucose regulation mechanism5. 
Based on metformin administration, the comparison 
of blood glucose control compliance rates between 
combined saxagliptin treatment and combined glime-
piride treatment did not have a significant difference 
in elderly T2DM patients6. This study observed that 
the treatment of newly diagnosed DM patients using 
saxagliptin or glimepiride alone did not have a signifi-
cant difference in the control of FPG and HbA1c, sug-
gesting that the blood glucose control effects between 
these two treatments were equivalent. In addition, 
the results in this study showed that the HOMA-IR 
indicator in the saxagliptin treatment group was low-
er than that in the glimepiride group, suggesting that 
saxagliptin could improve insulin resistance in newly 
diagnosed T2DM combined with NAFLD patients. Pre-
vious study results mainly suggested that saxagliptin 
could stimulate insulin secretion and improve β cell 
functions but did not have apparent functions on in-
sulin resistance7,8. Some studies have suggested that 
saxagliptin could also improve insulin resistance in 
DM patients9. The differences in the study results 
might be associated with characteristics of the pop-
ulations enrolled in the different studies. Therefore, 
large-scale clinical trials are still needed for further 
studies and observations.

NAFLD is characterized by hepatocyte steatosis, 
and fat deposition includes simple fatty liver, steato-
hepatitis, and fatty liver fibrosis and cirrhosis. Cur-
rently, its pathogenetic mechanisms have not been 
completely elucidated. The “second hit” theory is 
currently the most recognized viewpoint by most 
scholars. In the first hit, fat accumulation in the liver 
causes hepatocyte apoptosis and induces insulin re-
sistance. Insulin resistance, directly and indirectly, 

participates in the second hit to cause inflammatory 
responses, hepatocyte injury, and fibrosis10. Studies 
on NAFLD-associated chronic inflammation have 
received extensive attention in recent years, and 
cytokines and inflammatory factors have become 
research hot spots11,12. IL-6 is mainly produced by 
immune cells, including macrophages, T cells, and B 
cells; it is an important pro-inflammatory cytokine, 
and the deregulation of its expression is closely as-
sociated with various diseases. The functions of IL-6 
in hepatocyte steatosis are very complicated. It has 
been shown that IL-6 plays a role in liver protection 
through the inhibition of oxidative stress and the 
prevention of mitochondrial dysfunction in the early 
stage of fatty liver. However, during the pathological 
changes in the late stage of fatty liver, IL-6 can induce 
hepatocyte apoptosis, produce insulin resistance, 
participate in NAFLD development and progression, 
and cause hepatocyte injury13,14. This study showed 
that the blood glucose control, BMI, and WHR of sub-
jects in the saxagliptin group were not significantly 
different compared to the glimepiride group. Howev-
er, the IL-6 and HOMA-IR levels were both lower than 
those in the glimepiride group and the glimepiride 
combined with polyene phosphatidylcholine group. 
In addition, the level of liver steatosis quantitation 
of subjects in the saxagliptin group was significant-
ly lower than that in the glimepiride group and was 
equivalent to that in the glimepiride combined with 
polyene phosphatidylcholine group. These results 
suggested that based on the same levels of blood glu-
cose control and body weight management, the ad-
ministration of saxagliptin treatment could improve 
insulin resistance and reduce the levels of inflamma-
tory factors such as IL-6 to improve hepatocyte ste-
atosis and protect hepatocytes in newly diagnosed 
patients with T2DM combined with NAFLD.

TABLE 2. COMPARISON OF THE CONTROL CONDITIONS OF BMI, WHR, HBA1C, FBG, TC, AND TG AMONG ALL 
GROUPS
Group Number of cases 

(male/female)
BMI
(kg/m2)

WHR
(cm/cm)

HbA1c
(%)

FPG
(mmol/L)

TC
(mmol/L)

TG
(mmol/L)

Group A 30 (14/16) 26.69±4.16 0.88±0.06 6.91±0.48 6.46±0.44 5.12±0.78 1.58±0.85
Group B 33 (17/16) 25.65±3.03 0.88±0.05 6.92±0.58 6.42±0.57 5.40±0.62 1.65±0.77
Group C 29 (14/15) 25.52±2.79 0.87±0.05 6.85±0.47 6.42±0.48 5.28±1.08 1.74±1.12
F 0.155 1.132 0.477 0.197 0.080 0.898 0.245
p 0.926 0.327 0.622 0.821 0.923 0.411 0.784
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In summary, the administration of saxagliptin 
treatment could effectively control blood glucose in 
patients newly diagnosed with T2DM combined with 
NAFLD, and its efficacy was no worse than that of 
glimepiride. In addition, saxagliptin treatment could 
improve insulin resistance, reduce IL-6 levels, and at-
tenuate inflammatory responses to improve hepato-
cyte steatosis, protect hepatocytes, and obtain extra 
benefits other than the hypoglycemic effect in NA-
FLD patients. However, whether the treatment effect 
of saxagliptin on the fatty liver is independent of the 
hypoglycemic effect still requires further studies for 
investigation.

EXPERIMENTAL
Patients

A total of 95 T2DM patients (48 male and 47 fe-
male) who were treated in the Department of En-
docrinology of our hospital between July 2014 and 
December 2016 were selected. All subjects signed an 
informed consent form. This study was approved by 
the Research Ethics Committee of Qilu Hospital of 
Shandong University.

Case inclusion and exclusion criteria 
Inclusion criteria: (1) patients who met the World 

Health Organisation (WHO) 1999 T2DM diagnostic 
criteria; (2) patients who were newly diagnosed with 
T2DM or had a disease history of less than 2 years 
and did not receive hypoglycaemic drug treatment; 
(3) patients with ages between 30-60 years, body 
mass index (BMI) between 23-30 kg/m2 and glycat-
ed haemoglobin (HbA1c) between 7%-9%; and (4) pa-
tients who met the relevant diagnostic criteria of the 
Guidelines for the Management of Non-alcoholic Fatty 
Liver Disease (2010 revised edition) by the Chinese 
Society of Hepatology, Chinese Medical Association 
and did not receive drug treatment for liver protec-

tion. Exclusion criteria: (1) patients with acute com-
plications and severe chronic complications of DM; 
(2) patients with viral hepatitis, drug hepatitis, auto-
immune liver disease, other liver diseases caused by 
clear damage factors, hepatolenticular degeneration, 
and total parenteral nutrition; and (3) patients with 
liver cirrhosis, severe liver and kidney insufficiency, 
cardio-cerebrovascular diseases, acute infection, and 
genetic diseases.

Patient grouping and treatment
Subjects were randomly divided into groups A, 

B, and C according to a computer-generated random 
number table. Group A received oral saxagliptin at 5 
mg once a day (QD), group B received oral glimepiri-
de at 2 mg QD, and group C received oral glimepiride 
at 2 mg QD and polyene phosphatidylcholine at 456 
mg orally three times a day (PO TID) based on pro-
viding diet and exercise therapy guidance. The doses 
of glimepiride for subjects in groups B and C were 
adjusted based on blood glucose. Patients were ob-
served for 24 w. 

Observation indicators 
Body weight, height, waist circumference, hip 

circumference, HbA1c, fasting plasma glucose 
(FPG), fasting insulin (FINS), interleukin-6 (IL-6), 
triglyceride (TG), total cholesterol (TC), alanine 
aminotransferase (ALT), aspartate aminotransfer-
ase (AST), γ-glutamyltransferase (γ-GT), and quan-
titative detection of liver steatosis of study subjects 
were observed before enrolment and after 12 and 
24 w of treatment. In addition, BMI, waist-to-hip 
ratio (WHR), and homeostatic model assessment of 
insulin resistance (HOMA-IR) were calculated. Fin-
gertip FPG and two h postprandial blood glucose 
were measured every two w. Patients with liver fat 
contents between 5%-10% were considered to have 

TABLE 3. COMPARISON OF FINS, HOMA-IR, IL-6, ALT, AST, Γ-GT, AND QUANTITATIVE DETECTION OF LIVER 
STEATOSIS AMONG ALL GROUPS

Group Number of 
cases
(male/fe-
male)

FINS
(µIU/ml)

HOMA-IR IL-6
(pg/ml)

ALT
(U/L)

AST
(U/L)

γ-GT
(U/L)

Quantitative 
detection of liver 
steatosis (%)

Group A 30 (14/16) 7.82±2.14*# 2.25±0.63*# 6.04±4.01*# 22.10±9.25* 16.94±6.43* 30.84±21.30* 14.57±7.78*
Group B 33 (17/16) 9.75±2.34 2.79±0.75 9.84±6.81 29.00±14.62 22.03±10.27 44.21±12.42 20.13±8.18
Group C 29 (14/15) 10.29±2.40 2.94±0.76 10.46±7.56 19.32±9.50* 17.68±5.60* 31.48±28.12* 15.09±9.09*
F 0.155 9.940 8.229 4.470 6.072 3.600 3.999 4.733
p 0.926 0.000 0.001 0.014 0.003 0.031 0.022 0.011

Note: * compared with group B, p<0.05; # compared with group C, p<0.05.
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vamente a glicemia, mas também atenuar a resistência à insulina e a lesão inflamatória do fígado para melhorar ainda mais o fígado 
gorduroso.
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mildly fatty livers, between 11%-30%, were con-
sidered to have moderately fatty livers, and above 
30% were considered to have severely fatty livers.   

STATISTICAL ANALYSES 

Analyses were performed using SPSS 21.0 soft-
ware. Continuous variables conformed to the nor-
mal distribution and were expressed as`x±s. Based 
on the distribution features of clinical information 

among all groups, the comparison of measurement 
data that conformed to the normal distribution and 
had homogenous variances was performed using 
the analysis of variance (ANOVA). The comparison 
inside a group was performed using the least sig-
nificant difference (LSD) method. P<0.05 indicat-
ed that the difference had statistical significance. 
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