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Abstract Ectopic accumulation of lipids in nonadipose

tissues plays a primary role in the pathogenesis of type 2

diabetes mellitus (T2DM). This study was to examine the

effects of exenatide, insulin, and pioglitazone on liver fat

content and body fat distributions in T2DM. Thirty-three

drug-naive T2DM patients (age 52.7 ± 1.7 years, HbA1c

8.7 ± 0.2 %, body mass index 24.5 ± 0.5 kg/m2) were

randomized into exenatide, insulin, or pioglitazone for

6 months. Intrahepatic fat (IHF), visceral fat (VF), and

subcutaneous fat (SF) were measured using proton nuclear

magnetic resonance spectroscopy. Plasma tumor necrosis

factor a (TNFa) and adiponectin were assayed by ELISA.

HbA1c declined significantly in all three groups. Body

weight, waist, and serum triglycerides decreased with ex-

enatide. After interventions, IHF significantly reduced with

three treatments (exenatide D = -68 %, insulin D =

-58 %, pioglitazone D = -49 %). Exenatide reduced VF

(D = -36 %) and SF (D = -13 %), and pioglitazone

decreased VF (D = -30 %) with no impact on SF,

whereas insulin had no impact on VF or SF. Levels of

TNFa (exenatide/insulin/pioglitazone) decreased, and lev-

els of adiponectin (exenatide/pioglitazone) increased.

Analysis showed that DIHF correlated with DHbA1c and

Dweight. Besides, DIHF correlated with Dtriglycerides and

DTNFa, but the correlations fell short of significance after

BMI adjustment. By linear regression analysis, DHbA1c

alone explained 41.5 % of the variance of DIHF, and

DHbA1c ? Dweight explained 57.6 % of the variance.

Liver fat content can be significantly reduced irrespective

of using exenatide, insulin, and pioglitazone. Early gly-

caemic control plays an important role in slowing pro-

gression of fatty liver in T2DM.

Keywords Type 2 diabetes mellitus � Liver fat content �
Body fat � Exenatide � Insulin � Pioglitazone

Introduction

Lipotoxicity, that is ectopic accumulation of lipids in

nonadipose tissues of liver and skeletal muscle, plays a

primary role in the pathogenesis of obesity-associated

insulin resistance and type 2 diabetes mellitus (T2DM) [1,

2]. Thus, early treatment with agents that blunt both of the

deleterious processes of glucotoxicity and lipotoxicity is

the preferred anti-diabetic strategies for metabolic control

and reducing the risk for micro- and macrovascular com-

plications in T2DM.
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Among the common anti-diabetic agents, the glucagon-

like peptide-1 (GLP-1) receptor agonists and peroxisome

proliferator-activated receptor-c (PPAR-c) agonists may

affect the distribution of fat mass in a positive manner.

Clinical studies have demonstrated that GLP-1 receptor

agonists (exenatide and liraglutide) are associated with a

reduction in body weight, a decrease in visceral and hepatic

fat depots, and an improvement of overall and hepatic

insulin sensitivity in obese patients with T2DM [3–6]. As

for PPAR-c agonists (pioglitazone and rosiglitazone), they

usually cause weight gain [7]. Nevertheless, pioglitazone

treatment can also reduce liver fat content and enhance

peripheral tissue glucose uptake [8]. In addition, insulin is

commonly used to in clinical practice to improve glycaemic

control. We previously have shown that short-term inten-

sive insulin therapy in newly diagnosed T2DM improves b-

cell function, restores insulin sensitivity, and ameliorates

lipid profiles, leading to long-term glycaemic remission [9,

10]. Some, but not all [11], studies further demonstrated a

reduction in liver fat content in association with improved

hepatic insulin sensitivity after 7 months of insulin treat-

ment in obese patients with T2DM [12]. However, as the

current literature lacks randomized parallel-group inter-

vention study, still unclear is whether these beneficial

effects are due to either the agent itself or the effects of

simply eliminating glucotoxicity by achieving glycaemic

control, and whether these effects differ between agents.

We therefore compared the effects of exenatide, insulin,

and pioglitazone therapies on body fat distributions with a

prospective, randomized, parallel-group study, and to

investigate the contributing factors responsible for the

changes in body fat distributions after three treatments.

Proton nuclear magnetic resonance spectroscopy (1H-

MRS) was used to noninvasively quantify intrahepatic fat

(IHF), visceral fat (VF), and subcutaneous fat (SF) contents

in all subjects.

Methods

Participants

Thirty-three patients with T2DM from Drum Tower Hos-

pital according to World Health Organization diagnostic

criteria [13] were a subset of the multicenter study of 342

patients with the primary endpoint to compare the gly-

caemic efficacy of exenatide, insulin, and pioglitazone

(ClinicalTrials.gov, NCT01147627) [14]. They were

52.7 ± 1.7 years of age, with a BMI of 24.5 ± 0.5 kg/m2,

HbA1c 8.7 ± 0.2 %, and negative for glutamic acid

decarboxylase antibody, and had not received antihyper-

glycemic therapy. Exclusion criteria included acute or

severe chronic diabetic complications, impaired renal

function (serum creatinine C133 lmol/L), and liver dys-

function (aspartate aminotransferase (AST) or alanine

aminotransferase (ALT) levels more than 2.5 times the

normal value), taking medications known to affect weight,

a history of severe gastrointestinal disease such as pan-

creatitis. The protocol and informed consent document

were approved by the research ethics board of Drum Tower

hospital affiliated to Nanjing University Medical School.

Informed consent was obtained from all patients for being

included in the study.

Intervention study design

After a screening diet/exercise run-in period of 1 week,

patients were randomized into one of three treatments for 6

m: exenatide, insulin humalog Mix25, and pioglitazone. For

participants assigned to exenatide, the initial dose was 5 lg

twice daily and titrated to a maximum 10 lg twice daily at

week 4 and maintained throughout the course of the trial. For

humalog Mix25, the starting doses were 0.4 IU/kg d twice

daily and then gradually uptitrated aiming for glucose values

of 4.4–7.0 mmol/L before breakfast and dinner. For piog-

litazone, the initial dose was 30 mg daily and titrated to

45 mg daily at week 4 if tolerated and maintained during the

intervention period. In the event of significant hypoglycemia

(\3.9 mmol/L), frequent nausea, or vomiting, interventions

were sequentially backtitrated. Patients who could not stand

the side effects of hypoglycemic agents were withdrawn

from the trial. All subjects underwent a standard meal tol-

erance test using the 85-g carbohydrate equivalent ingested

within 10 min at baseline and at the end of therapy. Blood

was collected at 0, 30, and 120 min from the meal start for the

measurement of plasma glucose and insulin. Insulin sensi-

tivity was assessed by homeostasis model assessment of

insulin sensitivity (1/HOMA-IR) and the Matsuda insulin

sensitivity index (ISIM) [15–17].

1H-MRS

1H-MRS studies were performed on a 3.0 T system

(Philips Medical Systems). Subjects were asked to avoid

moderate physical activity, vigorous exercise, or high-fat

diet 72 h prior to scanning. In liver, MRS studies were

performed with an automated single-voxel MRS point-

resolved spectroscopy pulse sequence. One 8 cm3 voxel

was localized on the survey T1-weighted image at right

posterior hepatic lobe and adjusted to avoid visible vas-

cular structures. Signal amplitude of lipid and H2O was

used to calculate the relative IHF content by the formula

of intrahepatic lipid (%) = [lipid/(H2O ? lipid)] 9 100

[18, 19].
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Dual echo with fast-field echo sequence

For VF and SF, a series of in-phase imaging for determi-

nation of VF and SF areas were acquired from a region

extending from 4 cm above to 4 cm below the fourth and

fifth lumbar interspace. The area of VF and SF was

determined from histograms specific to the visceral and

subregion. The histograms were summed over the range of

pixel values designated as fat [20]. The areas of VF and SF

from each slice were summed for comparison. All the

assessments were undertaken in a blinded fashion to the

assessor in the nature of treatment.

Measurements

HbA1c was measured using high-performance liquid

chromatography (Tosoh Bioscience, Japan). Insulin was

tested by chemiluminescence immunoassay (Roche, USA).

Serum levels of glucose, total cholesterol, triglyceride,

low-density lipoprotein (LDL) cholesterol, ALT, and AST

were measured by enzymatic methods with the use of an

autoanalyzer (TBA-200FR, Tokyo, Japan). Adiponectin

(R&D systems, USA) and tumor necrosis factor a (TNFa,

ExCell, China) were determined by ELISA kits.

Statistical analyses

Statistical analyses were performed using SPSS version

15.0 program (Chicago, IL). For the assessment of differ-

ences between the treatment groups with regard to quan-

titative variables, one-way analysis of variance (ANOVA)

was used. The comparisons for potential confounders were

made using an ANCOVA model with treatment as fixed

effects and baseline measure, age, gender, and body weight

as the covariates where appropriate. Pearson’s correlation

analysis was used when applicable to examine bivariate

relationships. Stepwise multiple linear regression analysis

was used to examine the contributions of potential risk

variants to the reduction in IHF after treatments. Data are

presented as mean ± SE. A p value of \0.05 was consid-

ered statistically significant.

Results

Clinical parameters

After 24 weeks of treatment, HbA1c was significantly

reduced to a similar extent among three groups (exenatide

D = -2.9 ± 0.4 % vs. insulin D = -2.8 ± 0.3 % vs.

pioglitazone D = -2.0 ± 0.4 %, P = 0.158). Body weight

(D = -5.0 kg, P = 0.002), waist (D = -5.1 cm,

P = 0.037), triglycerides (D = -19.1 ± 11.0 %,

P = 0.03), and ALT (D = -34.0 ± 13.5 %, P = 0.043)

significantly decreased with exenatide but did not change

with insulin and pioglitazone. Total cholesterol (D =

-12.8 ± 4.7 %, P = 0.023) decreased in exenatide and

insulin (D = -9.1 ± 5.4 %, P = 0.027) but not in pioglit-

azone. LDL cholesterol and AST did not change in any

group. Exenatide and pioglitazone markedly increased

insulin sensitivity as indicated in ISIM (exenatide:

D = 99.2 ± 34.6 %, P = 0.004; pioglitazone:

D = 32.9 ± 20.0 %, P = 0.003) and 1/HOMA-IR (exena-

tide: D = 148.2 ± 53.3 %, P = 0.007; pioglitazone:

D = 41.6 ± 19.5 %, P = 0.001), whereas insulin did not

(Table 1).

Treatment effects on IHF, VF, and SF contents

Thirty-three patients had baseline IHF, VF, and SF of

23.5 ± 2.8 %, 130.8 ± 11.0 cm2, and 107.1 ± 10.5 cm2,

respectively, and there were no significant differences in

baseline IHF, VF, and SF among three groups (P = 0.506,

0.207, 0.715, respectively).

After interventions, three treatments resulted in a statis-

tically significant reduction in IHF: exenatide from

27.4 ± 5.5 % to 6.3 ± 1.4 %, D = -68 ± 6 %,

P = 0.004; insulin from 23.7 ± 5.0 % to 9.1 ± 2.9 %,

D = -58 ± 9 %, P = 0.012; pioglitazone from

20.2 ± 4.2 % to 8.0 ± 2.6 %, D = -49 ± 9 %,

P = 0.039. The reduction in IHF did not differ between three

groups (P = 0.454) (Fig. 1).

Exenatide and pioglitazone markedly declined VF (ex-

enatide from 159.3 ± 14.4 cm2 to 104.1 ± 16.0 cm2,

D = -36 ± 6 %, P \ 0.001; pioglitazone from

112.7 ± 18.8 cm2 to 80.0 ± 17.3 cm2, D = -30 ± 7 %,

P = 0.003), but insulin did not. Exenatide also decreased

SF (from 108.5 ± 19.6 cm2 to 85.8 ± 18.1 cm2, D =

-13 ± 9 %, P = 0.006), while insulin and pioglitazone

did not (Fig. 1).

Inflammatory biomarkers

Three treatments significantly decreased plasma TNFa
levels (exenatide D = -62 ± 19 %, P = 0.012; insulin

D = -60 ± 17 %, P = 0.002; pioglitazone D =

-42 ± 25 %, P = 0.001). Plasma adiponectin levels (ex-

enatide D = 118 ± 24 %, P = 0.008; pioglitazone

D = 207 ± 38 %, P \ 0.001) were significantly increased

with exenatide and pioglitazone, but not with insulin

(Table 1). No significant effect of any treatment on circu-

lating levels of IL-1b or IL-6 was observed.
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Correlative analysis

HbA1c reduction

There was a significant correlation between DHbA1c and

DIHF in the entire subjects both before and after BMI

adjustment (Table 2; Fig. 2a).

Weight loss

There was a significant correlation between weight reduc-

tion and DIHF after intervention (Table 2; Fig. 2b). To

reinforce the contributions of weight loss on changes in

IHF, we divided patients into two subgroups according to

amount of weight loss of \5 % (n = 20, mean weight

Table 1 Subject characteristics at baseline and after treatment

Exenatide Insulin Pioglitazone P

Pre Post Pre Post Pre Post For

pre-treatments

For

post-treatments

Number (n) 11 – 11 – 11 – – –

Sex(male/

female)

7/4 – 5/6 – 4/7 – 0.256 –

Age (year) 50.8 ± 4.0 – 53.5 ± 2.4 – 51.0 ± 2.2 – 0.243 –

Weight (kg) 71.1 ± 3.5 66.5 ± 2.8* 65.2 ± 2.0 64.3 ± 2.2 61.3 ± 3.8 59.8 ± 3.2 0.088 0.254

BMI (kg/m2) 25.1 ± 1.1 23.6 ± 0.8* 24.5 ± 0.6 24.1 ± 0.7 23.9 ± 1.0 23.4 ± 1.0 0.616 0.759

Waist (cm) 93.2 ± 2.5 88.5 ± 2.7* 89.5 ± 1.9 89.8 ± 2.0 87.3 ± 2.4 85.9 ± 2.1 0.104 0.228

HbA1c (%) 8.6 ± 0.4 5.7 ± 0.1* 9.1 ± 0.3 6.3 ± 0.2* 8.3 ± 0.4 6.3 ± 0.2* 0.250 0.090

Fasting glucose

(mmol/L)

9.2 ± 0.7 6.9 ± 0.3* 10.8 ± 0.7 7.6 ± 0.6* 9.2 ± 0.6 7.8 ± 0.8 0.002 0.608

30 min glucose

(mmol/L)

12.4 ± 0.9 9.1 ± 0.5* 14.7 ± 1.0 11.2 ± 0.8* 11.8 ± 0.6 9.7 ± 0.6* 0.011 0.100

120 min glucose

(mmol/L)

13.4 ± 1.0 10.4 ± 0.9* 17.5 ± 1.2 11.6 ± 1.3* 14.3 ± 0.9 10.3 ± 0.7* 0.030 0.470

Fasting insulin

(lIU/mL)

12.6 ± 2.6 6.3 ± 3.7* 11.4 ± 2.2 23.1 ± 3.3 10.0 ± 2.4 8.4 ± 3.5* 0.258 0.002

30 min insulin

(lIU/mL)

19.7 ± 3.2 18.8 ± 3.1 14.9 ± 1.7 38.8 ± 8.7* 16.0 ± 2.4 15.1 ± 2.3 0.182 0.011

120 min insulin

(lIU/mL)

36.3 ± 7.1 35.6 ± 8.3 24.0 ± 4.4 59.9 ± 14.4* 28.0 ± 5.6 26.9 ± 5.4 0.245 0.072

Triglycerides

(mmol/L)

1.7 ± 0.3 1.1 ± 0.1* 1.4 ± 0.3 1.4 ± 0.2 1.3 ± 0.2 1.2 ± 0.3 0.388 0.458

Total cholesterol

(mmol/L)

5.3 ± 0.3 4.5 ± 0.2* 5.1 ± 0.3 4.5 ± 0.2* 5.4 ± 0.3 5.2 ± 0.2 0.678 0.042

LDL cholesterol

(mmol/L)

3.0 ± 0.3 2.4 ± 0.1 2.7 ± 0.3 2.4 ± 0.1 3.2 ± 0.2 2.8 ± 0.1 0.487 0.033

HDL cholesterol

(mmol/L)

1.2 ± 0.2 1.1 ± 0.3 1.1 ± 0.2 1.1 ± 0.2 1.2 ± 0.3 1.3 ± 0.2 0.924 0.052

ALT (U/L) 30.7 ± 5.3 20.2 ± 3.5* 20.2 ± 2.0 20.4 ± 2.2 21.6 ± 3.6 20.8 ± 3.0 0.122 0.990

AST (U/L) 26.3 ± 2.8 29.3 ± 3.3 23.0 ± 2.1 24.7 ± 1.7 23.0 ± 2.2 25.7 ± 2.6 0.527 0.408

TNFa (ng/mL) 7.6 ± 1.9 1.2 ± 0.5* 8.6 ± 1.7 2.2 ± 0.8* 6.8 ± 1.3 2.7 ± 1.2* 0.453 0.524

Adiponectin (lg/

mL)

4.2 ± 0.5 9.7 ± 2.0* 4.9 ± 0.6 7.7 ± 1.6 4.2 ± 0.4 12.0 ± 1.6* 0.692 0.397

ISIM (lIU/mL,

mg/mL)

5.5 ± 0.8 9.9 ± 1.4* 6.0 ± 1.2 6.0 ± 1.7 6.3 ± 0.6 9.2 ± 0.8* 0.831 0.114

1/HOMA-

IR(lIU/mL,

mmol/L)

0.28 ± 0.05 0.58 ± 0.11* 0.28 ± 0.06 0.32 ± 0.10 0.29 ± 0.03 0.45 ± 0.03* 0.516 0.115

* P \ 0.05 compared with pretreatment for each treatment. Data are mean ± SE
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change of 0.3 ± 0.6 kg) and C5 % (n = 13, mean weight

change of -6.3 ± 0.6 kg). The reduction of IHF in those

patients who achieved marked weight loss were signifi-

cantly greater than those with less weight loss (-41.4

± 10.6 % vs. -83.3 ± 2.5 %, P = 0.001) (Fig. 2c).

Serum triglycerides reduction

There was a significant relationship between the relative

reduction in serum triglycerides and DIHF before BMI

adjustment (r = 0.407, P = 0.019), but it fell short of

statistical significance after BMI adjustment (r = 0.309,

P = 0.085) (Table 2).

Inflammatory biomarkers

The relative DTNFa was associated with the relative DIHF

before BMI adjustment, but the correlation fell short of

significance after BMI adjustment. No significant correla-

tion between Dadiponectin and DIHF was shown before

and after BMI adjustment (Table 2).

DVF

There was a significant correlation between DIHF and DVF

before BMI adjustment, but it fell short of significance

after BMI adjustment (Table 2).

Baseline IHF

Additionally, there was a significant and negative correla-

tion between baseline IHF and relative DIHF with all three

treatments (Table 2).

Fig. 1 Effects of exenatide,

insulin, or pioglitazone

treatments on IHF, VF, and SF.

a IHF, VF, and SF at baseline

and after treatment in three

groups. b The relative changes

in IHF, VF, and SF after

treatments. White bars

pretreatment, black bars

posttreatment. *P \ 0.05

compared with pretreatment.

Values are mean ± SE

Table 2 Correlative analysis of variables’ relationships to the DIHF

Changes in IHF

Before BMI

adjustment

After BMI

adjustment

r P r P

Changes in HbA1c 0.652 0.000 0.598 0.000

Changes in weight 0.362 0.039 – –

Changes in triglycerides 0.407 0.019 0.309 0.085

Changes in TNFa 0.325 0.032 0.253 0.081

Changes in VF 0.474 0.017 0.096 0.655

Baseline IHF -0.876 0.000 – –
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Multiple regression analysis

Using DIHF as the independent variable, and DHbA1c,

Dweight, Dtriglycerides, baseline IHF, DVF, and DTNFa

as the dependent variables, we found that DHbA1c and

Dweight entered into the equation: DHbA1c alone

explained 41.5 % of the variance of DIHF, and

DHbA1c ? Dweight explained 57.6 % of the variance

(Table 3).

Discussion

This analysis represents the first systematic and compara-

tive evaluation of changes in IHF, and body fat distribu-

tions in patients with T2DM randomized into exenatide,

insulin, or pioglitazone monotherapy, especially in the

absence of the confounding effects of any other anti-dia-

betic medications. Of note, the important finding of this

study is that IHF content could be similarly reduced after

6 month of treatment with exenatide, insulin, or pioglit-

azone intervention. Also, treatment with exenatide signifi-

cantly reduced VF and SF contents, and pioglitazone

decreased VF but had minimal impact on SF, whereas

insulin had no impact on VF and SF distributions.

Although studies support the idea that diabetes is a high

risk for the development of nonalcoholic fatty liver that

progresses in parallel to glucose dysregulation [21], the

question remains of whether anti-diabetic therapies might

gain additional benefits on reducing fat deposition in the

liver beyond the effects on glucose control. Previous

studies have shown that anti-diabetic agents of exenatide,

insulin, or pioglitazone could improve glucose control and

concomitantly decline hepatic fat by 20–60 % [3–8, 11,

22]. However, those reports were placebo-controlled

studies, whether the beneficial effects on IHF are indirect

as a result of their ability to improve glycemia or the result

from the agent itself cannot be analyzed before this study.

Consistent with the results of those studies, we demon-

strated a reduction in IHF of 68, 58, and 49 %, respec-

tively, following exenatide, insulin, and pioglitazone

treatment. Furthermore, we observed a close relationship

between DHbA1c and DIHF, and DHbA1c explained

41.5 % of the DIHF, suggesting that alleviation of glucose

toxicity is crucial to the reduction in IHF with three

medications.

Another question arises from our results: to what extent

is reduction in liver fat explained by weight loss with all

three treatments? Our data showed that the changes in IHF

Fig. 2 Correlations between changes in IHF and HbA1c reduction

and weight loss after treatments with exenatide, insulin, or pioglit-

azone. a Correlations between changes in IHF and HbA1c reduction.

b Correlations between changes in IHF and weight loss. c Changes in

relative reduction in IHF according to weight loss \5 and C5 %.

Black circles exenatide, white circles insulin, black triangles

pioglitazone

Table 3 Stepwise multiple

linear regression analysis of

variables’ relationships to the

DIHF

Stepwise Variable (%) R2 Adjusted R2 Unstandardized Standardized b t P

B SE

1 Change HbA1c 0.415 0.389 1.423 0.353 0.644 4.036 0.001

2 Change HbA1c 0.576 0.537 1.038 0.335 0.470 3.101 0.005

Change weight 1.897 0.657 0.437 2.888 0.009
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correlated with weight loss following therapies. A greater

reduction in IHF was achieved in patients with C5 %

weight loss (mean weight change of -6.3 kg) than that in

patients with \5 % weight loss, and Dweight loss

explained 16.1 % of the DIHF after the contribution of

DHbA1c to DIHF, indicating that weight loss has an

additional effect on the decrease in hepatic fat. This is in

line with previous observations demonstrating that hepatic

steatosis was significantly reduced with exenatide, life-

style, or dietary intervention when a similar reduction in

body weight was achieved as we observed [5, 23–25].

Importantly, the reductions in IHF in those patients who

achieved marked weight loss in insulin and pioglitazone

were very similar to those in exenatide, indicating that the

beneficial effect of weight loss on IHF apply to all the

treatments, but it needs to be examined in future studies.

Chronic inflammatory states are associated with the

development of nonalcoholic fatty liver and type 2 diabe-

tes, in which circulating inflammatory cytokines are con-

sidered to be the major biochemical mediators [26, 27], and

also hyperglycemia is a critical component in the sub-

inflammatory status, beyond insulin resistance and obesity

[28]. Previous studies indicated that plasma levels of TNFa
positively correlated with the degree of liver fibrosis when

assessed by the ultrasound-guided liver biopsy [29]. Con-

sistent with these observations, we found that decreased

TNFa was associated with the reduced IHF with all three

treatments. Nonetheless, after BMI adjustment, the corre-

lation between the change in TNFa and IHF fell short of

statistical significance, supporting TNFa as a mechanistic

link to obesity-associated hepatic steatosis.

Nonalcoholic fatty liver is associated with increased

levels of serum triglycerides, independent of visceral adi-

pose tissue and other obesity measures [30]. Aggressive

treatment of hypertriglyceridemia with different agents led

to inconsistent effects on fatty liver, in which fenofibrate

had minimal effects on liver histology [31] while omega-3

fatty acids supplementation was associated with improve-

ment of hepatic steatosis in patients with nonalcoholic fatty

liver disease [32]. In this study, we found that improvement

in serum triglycerides was associated with reduction in IHF

but it fell short of significance after BMI adjustment,

indicating that serum triglycerides may be a link to the

development of fatty liver associated with obesity in

T2DM.

In this study, we enrolled nonobese Chinese subjects

while most of previous studies examining the effects of

anti-diabetic agents on lipid partitioning were investi-

gated in obese patients with T2DM. Nonetheless, we

found that our patients had a relatively higher amount of

baseline IHF with relatively lower BMI (IHF of 23.5 %

with BMI of 24.5 kg/m2) in comparison to a study from

obese Europeans that had an IHF of 28 % with BMI of

38.4 kg/m2 [5]. Albeit the quantification of IHF may

differ in varying degree across studies, this predisposition

is consistent with previous data. As highlighted earlier,

multiethnic studies showed that Asians including Chinese

have greater adiposity than Caucasian subjects [33], and

were more insulin resistant than other ethnic groups [34,

35]. Thus, effects of current anti-diabetic treatments on

fatty liver and visceral lipid overload might be of con-

siderable therapeutic interest even in less obese Chinese

patients with T2DM. Given the baseline BMI in this

study is similar to the mean BMI that was reported in

China nationwide survey [36], our patients could be

representative in clinical settings.

During the interventions, one patient who received ex-

enatide complained of nausea with self-limiting and did not

require discontinuation from the study. Mild hypoglycemia

was observed in one of the eleven insulin-treated patients.

Mild lower extremity edema was seen in one of the eleven

pioglitazone-treated patients.

A major limitation of the present study is the smaller

number of subjects that might weaken the statistical power.

The findings of this study remain worthy to be powered in

clinical trial with larger group of patients. In addition, it

has been reported that ultrasonography provides a reliable

estimate of visceral adipose tissue in nonobese population

compared with dual-energy X-ray absorptiometry [37].

Future study might be required to further test its utility in

clinical practice for the assessment of body composition by

incorporating MRI and ultrasonography.

In summary, this study suggests that, in patients with

drug-naive T2DM, liver fat content can be significantly

decreased irrespective of using exenatide, insulin, or

pioglitazone therapy. Early metabolic control, including

glycemic control and weight reduction, plays an important

role in slowing progression of fatty liver in T2DM.
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