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ARTICLE INFO ABSTRACT

Keywords: Background: Adipokines and inflammatory cytokines (ADICs) play important roles in type 2
Type 2 diabetes diabetes mellitus (T2DM). This study aimed to compare the changes of ADIC levels (AADICs) in
Adipokines

patients with newly diagnosed T2DM treated with different antihyperglycemic agents, and
further investigate the impact of these changes on metabolic indices, p-cell function and insulin
resistance (IR).

Methods: Four hundred and sixteen patients with newly diagnosed T2DM from 25 centers in China
randomly received 48-week intervention with exenatide, insulin or pioglitazone. Anthropometric
and laboratory data, indices of f-cell function and IR, and levels of AIDCs, including interleukin-1
beta (IL-1p), interferon-gamma (IFN-y), leptin, and fibroblast growth factor 21 (FGF21) were
detected at baseline and the end of the study.

Results: In total, 281 participants (68 % male, age: 50.3 + 9.4 years) completed the study. After
48- week treatment, IL-1p and IFN-y were significantly decreased with exenatide treatment (P <
0.001 and P = 0.001, respectively), but increased with insulin (P = 0.009 and P = 0.026,
respectively). However, pioglitazone treatment had no impact on ADICs. No significant change in
leptin or FGF21 was detected with any of the treatments. After adjustment for baseline values and
changes of body weight, waist and HbA1c, the between-group differences were found in AIL-1f
(exenatide vs. insulin: P = 0.048; and exenatide vs. pioglitazone: P = 0.003, respectively) and
AIFN-y (exenatide vs. insulin: P = 0.049; and exenatide vs. pioglitazone: P < 0.001, respectively).
Multiple linear regression analysis indicated that Aweight was associated with AIL-1p (f = 0.753;
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95 % CI, 0.137-1.369; P = 0.017). After adjusting for treatment effects, Aweight was also be
correlated with AFGF21 (f = 1.097; 95%CI, 0.250-1.944; P = 0.012); furthermore, AHOMA-IR
was correlated with Aleptin (8 = 0.078; 95%CI, 0.008-0.147; P = 0.029) as well. However,
AHOMA-IR was not significantly associated with AIL-1p after adjusting for treatment effects (P =
0.513).

Conclusion: Exenatide treatment led to significant changes of inflammatory cytokines levels (IL-1f
and IFN-y), but not adipokines (leptin and FGF21), in newly diagnosed T2DM patients. The
exenatide-mediated improvement in weight and IR may be associated with a decrease in in-
flammatory cytokine levels.

1. Introduction

Type 2 diabetes mellitus (T2DM), as a metabolic disease, is mainly characterized by decreased f-cell function accompanied with
increased insulin resistance (IR) [1]. Improving p-cell function and IR may relieve the metabolic disorders associated with the disease
and significantly slow its progression [2]. In our previous CONFIDENCE clinical trial, we found that after intervention with exenatide,
insulin, or pioglitazone, glycemic and metabolic indices and p-cell function improved in patients with newly diagnosed T2DM. Among
the three treatments, exenatide induced the greatest metabolic effects and the best p-cell function improvement [3]. However, the
underlying mechanism was not clarified.

Adipose tissue has been proved to play a crucial role in the development of T2DM [4,5] through hormone-like compounds
secretion, including adipokines and inflammatory cytokines (ADICs). Adipokines are mainly derived from adipocytes in adipose tissue
and function as important modulators in energy expenditure and activity, insulin sensitivity, lipid and glucose metabolism, adipocyte
and f-cell function [6]. As the first identified adipokine, leptin was considered a milestone in adipokine research and was found to be
the hub of the biomarker correlation network among many adipocytokines in T2DM [7-9]. Fibroblast growth factor 21 (FGF21) is
another recently discovered adipokine which is also produced by adipose tissue and liver [10]. Leptin and FGF21 have close rela-
tionship and both have important roles as adipokines in the regulation of glucose metabolism and f-cell function [6]. The two adi-
pokines were also proved to be great potential for future clinical application as therapy targets [11,12]. Inflammatory cytokine,
another important cytokine, is primarily produced by macrophages and immune cells and mainly have pro-inflammatory function and
impair p-cell function, which eventually contribute to the development of T2DM [13-15]. Adipokines have been proposed to link
changes of inflammatory markers in T2DM [16]. Adipokines and inflammatory cytokines had an interactional effect in the condition of
hyperglycemia [16]. Leptin and FGF21 have been considered to be associated with the regulation of the key pro-diabetic inflammatory
cytokines interleukin-1 beta (IL-1p) and interferon-gamma (IFN-y) [17-19]. Levels of both IL-1f and IFN-y are increased in animal
models of T2DM, and both inflammatory cytokines can impair insulin signaling, induce p-cell apoptosis and dysfunction, and promote
insulin resistance [20,21]. Recent studies have also ssessed the potential of IL-1p and IFN-y as novel therapeutic targets in the
treatment of T2DM [22,23]. As a result, adipokines including Leptin and FGF21 and inflammatory cytokines including IL-1p and IFN-y
were investigated together in the present study. Recent studies have suggested that modulating ADIC levels may contribute to the
amelioration of T2DM-mediated metabolic disorders and offer new opportunities for pharmacotherapy targeting this condition [24].
Accordingly, research focus has increasingly concentrated on altering ADIC activity in the treatment of T2DM [25].

Many hypoglycemic agents have been demonstrated to alter ADIC levels concomitant with observed improvements in hemoglobin
Alc (HbAlc) levels, p-cell function and IR in T2DM patients, leading eventually to the changes in the course of T2DM [24]. Treatment
with pioglitazone is indicated to lower leptin levels and increase levels of adiponectin, while also improving IR and HbA1lc levels in
T2DM [26,27]. In addition, pioglitazone could also suppress the key inflammatory response transcription factors including activator
protein-1 (AP-1) and nuclear factor-kappa B (NF-kB) [28]. Insulin treatment is a vital element in the pharmacotherapy of diabetes [2].
The application of exogenous insulin can significantly affect adipokine and inflammatory cytokine expression [29]. The glucagon-like
peptide 1 (GLP-1) receptor agonist exenatide exerts multiple actions to regulate glucose by enhancing glucose-dependent insulin
secretion, reducing secretion of postprandial glucagon, decreasing appetite and delaying gastric emptying [30]. It has also been
observed to significantly alter ADIC expression, accompanied by an improvement in HbAlc levels [31]. The available evidence
suggests that pioglitazone, insulin, and exenatide exert more significant effects on adipose tissue, including influencing ADIC
expression, compared with other hypoglycemic agents [24]. Nevertheless, few studies directly compared the changes and impact of
changes in ADIC expression on not only the metabolic factors, but also p-cell function and IR, in T2DM among these three hypogly-
cemic agents.

Therefore, a post-hoc study of our previously published CONFIDENCE trial to compare the changes in ADIC expression associated
with exenatide, insulin, or pioglitazone was conducted. As illustrated above, we focused on ADICs currently used (leptin) or have a
potential to be used as therapeutic tools (fibroblast growth factor 21 [FGF21]) or targets (interferon-gamma [IFN-y] and interleukin-1p
[IL-1B]1) [6]. We further investigated the association of ADIC levels with p-cell function and metabolic indices in newly diagnosed,
drug-naive T2DM patients following treatment with these three treatments.
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2. Material and methods
2.1. Study design

This was a post-hoc study of the CONFIDENCE clinical trial (registered at Clinical Trials.gov under the number NCT01147627).
Details of the CONFIDENCE study were published elsewhere [3].

Briefly, this was a multicenter, parallel-group study conducted in 25 centers from 13 provinces of China between August 2010 and
August 2012. Four hundred and sixteen patients with newly diagnosed T2DM were 1: 1: 1 randomized to receive 48-week intervention
with exenatide, insulin, or pioglitazone.

2.2. Participants

Newly diagnosed T2DM patients aged 30-70 years old who were drug naive, had HbAlc 7 %-10 % (53-86 mmol/mol) and body
mass index (BMI) 20-35 kg/m? with stable body weight for more than 3 months were recruited. And participants who had the
following situations were excluded: acute or severe chronic micro- and macrovascular complications or comorbidities including ne-
phropathy, retinopathy, neuropathy, hepatic dysfunction, hyperosmotic state, ketoacidosis, and lactic acidosis; positive anti-glutamic
acid decarboxylase antibodies; medication influencing gastrointestinal motility, glycemia, bone metabolism and weight; pancreatitis
history; triglyceride (TG) levels more than 5 mmol/L; osteoporosis or pathologic fracture history.

Written informed consents were provided by all participants before screening. The study protocol was approved by the Ethics
Committee at each site and was undertaken according to Declaration of Helsinki.

2.3. Treatments

Exenatide (Amylin Pharmaceuticals, Inc., San Diego, CA, USA) was subcutaneously injected with 5 pg twice daily initially, and then
increased to 10 pg twice daily after 4 weeks. Participants who could not tolerate the adverse events or those who frequently expe-
rienced hypoglycemia were instructed to change back to 5 pg twice daily. Premixed insulin (75 % insulin lispro protamine suspension
and 25 % insulin lispro injection; Eli Lilly and Company, Indianapolis, IN, USA) was injected 15 min before breakfast and dinner at a
dose of 0.4 IU/kg initially, and the dose was divided to 50 %: 50 %. Thus, the doses were titrated according to participants’ self-
monitored blood glucose (Table Supplementary 1). And pioglitazone (Deyuan Pharmacy, Jiangsu, China) was administered at 30
mg daily initially, and the daily dose was increased to 45 mg after 4 weeks.

The baseline measurements were conducted in two days. On Day 1, the anthropometric data, laboratory indices (fasting plasma
glucose, HbA1c, lipid profile, insulin, proinsulin, amylase, and lipase), and ADIC data (IL-1f, IFN-y, FGF21, and leptin) were collected.
Then patients’ venous blood samples were collected 0.5 h and 2 h after ingestion to measure glucose and insulin levels during a 162
kcal mixed-meal test (MMT). On Day 2, an intravenous glucose tolerance test (IVGTT) with an injection of 25 g glucose was performed
to collect venous blood samples taken at 0, 1, 2, 4, 6, and 10 min for the insulin measurement after an overnight fast. All 2-day baseline
assessments were repeated at the end of the study (Week 48).

For the first 12 weeks, the participants were followed up for every 4 weeks. From week 13 to week 48 they were followed up for
every 12 weeks. Anthropomorphic data, hypoglycemic episodes and adverse events were recorded each follow-up visit. Fasting plasma
glucose (FPG) and HbAlc were measured, and 2-h postprandial glucose (2-h PPG) was obtained after MMT. In addition, participants’
information was collected and guidance was provided by telephone calls at week 16, 20, 28, 32, 40, and 44. All participants received
diabetes-related education throughout the study.

Homeostasis model assessment of $-cell function was used to evaluate basal p-cell function [HOMA-B = 20 x fasting insulin (FINS)/
(FPG-3.5)]. Homeostasis model assessment of IR was used to evaluate insulin resistance [HOMA-IR=FINS x FPG/22.5]. The insuli-
nogenic index [ratio of the MMT 0-30 min increments in insulin to glucose concentrations (mg/dL)] x the Matsuda index was
calculated to evaluate the disposition index (DI). The fasting proinsulin-to-insulin ratio (PI/I) and the acute insulin response (AIR)
during IVGTT were calculated (the incremental area under the curve using trapezoidal estimation). Serum ADIC concentrations of IL-
1B, IFN-y, and leptin were assessed using luminex (Bio-Rad). The intra-assay and inter-assay coefficients of variation (CV) for IL-1p,
IFN-y and leptin were 3.6 % and 3.2 %, 3.1 % and 3.6 %, 4 % and 4 %, respectively. The FGF21 was tested by ELISA kits (R&D), with
the intra-assay and inter-assay CV as 3.4 % and 7.5 %, respectively.

2.4. Statistical analyses

Means + SD was used to present continuous variables with normal distribution. Non-normally distributed variables (ADIC con-
centrations, PI/I, HOMA-B, and HOMA-IR and their changes from baseline to endpoint) were expressed as median (interquartile range)
and were logarithmically transformed to achieve normal distribution before analysis. The participants’ baseline characteristics in
different groups were compared using analysis of variance (ANOVA) with Holm-Bonferroni correction for multiple comparisons.
Baseline versus after-treatment values were compared with paired t-test. Changes of ADIC values from baseline to endpoint across
groups were compared by analysis of covariance (ANCOVA) with baseline values and changes of body weight, waist and HbAlc
adjustment. ANCOVA was also used to compare changes of glycemic and metabolic parameters from baseline among the groups with
baseline values adjustment. Chi-squared test was used to compare categorical variables. Pearson’s correlation analysis was conducted
to evaluate putative associations between changes in ADIC concentrations and other indices. Multiple linear regression analysis was
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Table 1

Baseline characteristics and changes from baseline at week 48 in three groups, Variables are shown as means + SD, medians (interquartile range)
or absolute numbers and percentages(n,%).*P < 0.05 **P < 0.01, compared with baseline; NA, not applicable,

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HbA1c hemoglobin Alc, FPG fasting plasma glucose, 2-h PPG 2-h
postprandial plasma glucose, TG triglycerides, LDL-C low density lipoprotein cholesterol, HOMA-IR homoeostasis model assessment of insulin
resistance, HOMA-B homoeostasis model assessment of p-cell function, AIR 10-min acute insulin response, PI/I fasting proinsulin-to-insulin ratio,
DI disposition index.

P-value
Exenatide Exenatide Insulin
Characteristics Exenatide Insulin Pioglitazone Overall vs. vs. vs.
insulin pioglitazone pioglitazone

Men (%) 59 (67.0) 52(61.9) 80(73.4) 0.23 NA NA NA
Baseline 711£15 70.81.4 70.9¢1.2 0.144 NA NA NA
After 48-week intervention 67.3¢1.5" 71.621.4 70.81.2 0.053 NA NA NA
Change from baseline -3.8£0.4 -0.1:0.8 0.1£0.4 <0.001 <0.001 <0.001 0.148
Baseline 91412 90.121.1 89.6+0.8 0.168 NA NA NA
After 48-week intervention 87.2+1.2* 90.0+1.1 89.0+0.9 0.246 NA NA NA
Change from baseline -4.2+0.7 -0.50.9 -0.2¢0.5 <0.001 <0.001 <0.001 0.779
Baseline 259+0.4 25.6+0.4 259+0.3 0.089 NA NA NA
After 48-week intervention 24.5+0.4** 25.9+0.4 25.9+0.3 0.053 NA NA NA
Change from baseline -1.4£0.2 -0.1£0.3 0.05:0.2 <0.001 <0.001 <0.001 0.216
Baseline 82+0.1 8.1+0.1 8.0+0.1 0.659 NA NA NA
After 48-week intervention 6.2£0.1%* 6.5£0.1* 6.6£0.1"* 0.048 0.114 0.016 0.392
Change from baseline -1.910.2 -1.6 0.3 -1.6£0.2 0.047 0.126 0.015 0.363
Baseline 9.0:0.3 8810.3 9.1:0.2 0.288 NA NA NA
After 48-week intervention 6.90.2** 7.4+0.3** 7.240.2** 0.249 NA NA NA
Change from baseline -2.1+£0.3 -1.5+ 04 -2.240.3 0.163 NA NA NA
Baseline 13.9£0.4 14.5£ 0.4 14.4£0.3 0.300 0.30 0.342 0.928
After 48-week intervention 10.6 £ 0.4* 11.80.4** 10.8£0.3* 0.040 0.075 0.486 0.014
Change from baseline -3.310.5 2.5 0.8 -4.510.5 0.014 0.096 0.212 0.004
Baseline 128+2 12542 126 £ 1 0.359 NA NA NA
After 48-week intervention 1252 12442 12441 0.659 NA NA NA
Change from baseline -2.442.3 -1.6+23 -1£1 0.894 NA NA NA
Baseline 801 791 80+ 1 0.423 NA NA NA
After 48-week intervention 78+ 1 7841 771 0.943 NA NA NA

Change from
-22+1.3 -2.7¢1.9 441 0.567 NA NA NA
baseline

Baseline 2102 1.7£01 2102 0.128 NA NA NA
After 48-week intervention 1.8£0.2 2.4+0.4 1.9£0.2 0.154 NA NA NA
Change from

-0.3£0.2 06+0.5 -0.1£0.1 0.021 0.010 0.659 0.029
baseline

Baseline 32x0.1 33%0.1 33x0.1 0.866 NA NA NA
After 48-week intervention 3.0£0.1* 3.1£0.1 3.24£0.1 0.361 NA NA NA
Change from

-0.2£0.1 -0.4£0.2 -0.1+0.1 0.582 NA NA NA
baseline

Baseline 49421 50.0+26 536+23 0.174 NA NA NA
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After 48-week intervention 59.12.5** 55.4+2.9* 58.7+2.0** 0.157 NA NA NA
Change from
11.9+2.4 6.9+2.3 7.4%4.5 0.400 NA NA NA
baseline
Lipase (U/ L)
Baseline 81.3+13.1 60.1£8.1 69.3+9.9 0.764 NA NA NA
After 48-week intervention 108.6+15.4* 67.5¢12.5 78.69.7 0.159 NA NA NA
Change from
27.4+12.0 7.4£12.3 1.5+ 14.9 0.248 NA NA NA
baseline
HOMA-B
Baseline 46.6(29.8,72.2) 49.1(30.4,69.1) 43.8(26.2,72.9) 0.430 NA NA NA
After 48-week intervention 43.6(30.5,69.5) 68.7(45.4,185.0)** 49.2(32.5,71.2) <0.001 <0.001 0.885 <0.001
Change from
-4.8(-22.9,16.2) 29.0(-3.7,142.2) 4.1(-13.8,25.3) <0.001 <0.001 0.494 <0.001
baseline
HOMA-IR
Baseline 4.8(3.6,6.3) 4.0(3.3,5.6) 4.5(2.7,6.0) 0.324 NA NA NA
After 48-week intervention 2.1(1.4,3.1)* 3.9(2.5,8.6) 21(1.7,3.1)* <0.001 <0.001 0.557 <0.001
Change from
-2.5(-3.9,-1.1) -0.7(-1.9,4.4) -2.2(-3.0,-0.6) <0.001 <0.001 0.362 <0.001
baseline
AIR (Uiu/ MI * min)
Baseline 12.4%7.0 10.7 6.3 13.0£5.8 0.264 NA NA NA
After 48-week intervention 47.4£9.5* 30.5+ 10.5* 43.916.2** 0.357 NA NA NA
Change from
35.1+12.3 22.4+16.3 44.9+8.7 0.279 NA NA NA
baseline
Pl
Baseline 2.8(1.7,4.8) 2.7(22,3.7) 2.7(1.9,3.7) 0.430 NA NA NA
After 48-week intervention 1.7(0.3,5.6)"* 0.2(0.1,4.1)** 0.9(0.2,2.5)** 0.013 0.003 0.166 0.112
Change from baseline -1.2(-3.2,2.3) -1.7(-2.6,0.5) -1.4(-2.7,-0.1) 0.038 0.012 0.399 0.095
DI
Baseline -0.4£0.2 -0.5£0.1 -0.40.07 0.913 NA NA NA
After 48-week intervention 0.2+0.1** 0.05+0.1* -0.0410.07** 0.013 0.012 0.009 0.902
Change from baseline 0.6+0.2 0.5+0.2 0.2:0.1 0.128 NA NA NA

conducted using changes in metabolic indices and parameters of -cell function as dependent variables and changes of ADIC as in-
dependent variables in pooled data.

SPSS 23.0 (IBM corporation, New York, NY, USA) was used to analyze data in this study. Significant difference was defined as P-
values <0.05.

3. Results

A total of 281 participants with 68 % male and mean age of 50.3 + 9.4 years completed the study (Figure Supplementary 1). The
participants’ baseline characteristics were comparable among groups (Table 1).

3.1. Changes of anthropometric, glycemic, and metabolic parameters after intervention in each group

After intervention, HbAlc, FPG, PPG, AIR, DI, and P1/I were significantly improved in all the treatment groups (P < 0.01). Weight,
BMI, and mean waist circumference were significantly decreased at the endpoint compared with those at baseline in the exenatide
group, but not in the other two groups. HOMA-IR showed a significant improvement in both the pioglitazone and exenatide groups;
however, the HOMA-p value was significantly altered only in the insulin group.

Diastolic blood pressure significantly decreased in the pioglitazone group; meanwhile, systolic blood pressure did not change from
baseline in any of the groups. For the lipid profile, there was an improvement in the LDL-C content in the exenatide group at week 48;
however, other lipid parameters did not significantly change in any of the intervention groups (Table 1).



X. Yang et al. Heliyon 10 (2024) e23309
3.2. Changes in ADIC levels after intervention in each group

The detailed data for ADIC levels at baseline and after 48-weeks intervention were shown in Fig. 1. After 48 weeks of treatment, IL-
1B (P < 0.001) and IFN-y (P = 0.001) were markedly decreased in the exenatide group (Fig. 1A) and significantly increased in the
insulin group (Fig. 1B) (P = 0.009 and P = 0.026 for L-1p and IFN-y, respectively). However, no changes in ADIC concentrations were
detected in the pioglitazone group after intervention (Fig. 1C). Leptin or FGF21 levels did not significantly change in any of the
treatment groups.

In the sub-groups analysis of non-obese group and obese group, no significant changes of leptin levels were observed after treat-
ments (all P > 0.05) (Table Supplementary 2).

3.3. Correlation between changes in ADIC content and alterations in glycemic and metabolic indices

Results of pearson’s correlation analysis was displayed in Table 2. In the exenatide group, change in waist size (A waist) was
correlated with change in leptin (Aleptin) (r = 0.301, P = 0.047); change in diastolic blood pressure (ADBP) was correlated with
change in IFN-y (AIFN-y) (r = 0.350, P = 0.020); changes in triglyceride level (ATG) and DI(ADI) were correlated with change in
FGF21 (AFGF21) (r = 0.454, P = 0.004 and r = 0.558, P = 0.011, respectively); and change in IL-1p (AIL-1p) was correlated with
AFGF21 (r = 0.340, P = 0.030) and AIFN-y) (r = 0.857, P < 0.001). AIFN-y was correlated with AFGF21(r = 0.356, P = 0.022).

In the insulin group, change in 2-h PPG (A2-h PPG) showed correlations with AIL-18 (r = —0.364, P = 0.019) and AIFN-y (r =
—0.363, P = 0.020); change in DI (ADI) was correlated with AFGF21 (r = —0.493, P = 0.032); and AIFN-y was significantly correlated
with AFGF21 (r = —0.363, P = 0.023) and AIL-1f (r = 0.852, P < 0.001). However, no correlations were observed between Aleptin and
other indices in the insulin group.

In the pioglitazone group, Awaist was correlated with Aleptin (r = —0.361, P = 0.024); change in LDL-C content (ALDL-C) was
correlated with AFGF21 (r = —0.356, P = 0.036); and API/I was correlated with AIL-1p (r = 0.425, P = 0.022). For correlations among
ADICs, Aleptin was correlated with AFGF21 (r = —0.339, P = 0.047) and AIL-1p was correlated with AIFN-y (r = 0.723, P < 0.001).

No significant correlation was observed between changes in ADIC levels and change in HbAlc (AHbAlc).

3.4. Comparison of changes in glycemic and metabolic parameters from baseline among the groups

A comparison of the changes in glycemic and metabolic parameters from baseline among the groups is displayed in Table 1.

The AHbA1c in the exenatide group was significantly greater than that in the pioglitazone group (—1.9 + 0.2 % vs —1.6 £ 0.2 %, P
= 0.015). AHbAlc showed no differences between exenatide group and insulin group or between insulin group and pioglitazone
group. The A2-h PPG in the pioglitazone group decreased more significantly than that in the insulin group (—4.5 &+ 0.5 mmol/L vs —2.5
+ 0.8 mmol/L, P = 0.004). However, changes in FPG (AFPG) were similar among treatment groups.

Aweight, Awaist, and ABMI were significantly greater in the exenatide group than those in the insulin and pioglitazone groups (all
P < 0.001).

After intervention, ATG differed significantly between the exenatide group and the insulin group (P = 0.010) and between the
insulin group and pioglitazone group (P = 0.029). No significant difference was observed among the groups in changes of metabolic
indices including SBP (ASBP), ADBP, and ALDL-C.

The change in HOMA-B (AHOMA-B) in the insulin group was significantly greater than that in the exenatide and pioglitazone
groups (29.0(—3.7142.2) vs —4.8(—22.9,16.2) and 29.0(—3.7142.2) vs 4.1(—13.8,25.3), respectively; all P < 0.001). The change in
HOMA-IR (AHOMA-IR) in the insulin group was also significantly greater than that in the exenatide and pioglitazone groups (—0.7
(—1.9,4.4) vs —2.5(—3.9,-1.1) and —0.7(—1.9,4.4) vs —2.2(—3.0,-0.6), respectively; all P < 0.001).

3.5. Comparison of changes in ADIC levels from baseline among the groups

After adjusting for baseline values and changes of body weight, waist and HbAlc, significant differences were seen between the
exenatide group and the insulin group and between the exenatide group and the pioglitazone group for both AIL-1p (P =0.048 and P =
0.003, respectively) (Fig. 2A)and AIFN-y (P = 0.049 and P < 0.001, respectively) (Fig. 2B).

3.6. Multiple linear regression analysis

Multiple linear regression analysis was conducted in the pooled data using metabolic or p-cell function indices as dependent
variables and ADICs as independent variables (Table 3).

Aweight was associated with AIL-1p (8 = 0.753; 95 % confidence interval [CI], 0.137-1.369; P = 0.017); however, after adjusting
for the effects of the antidiabetic agents, this association was lost (P = 0.647). Meanwhile, Aweight was not associated with AFGF21
before adjustment for the effects of treatments; however, after adjustment, Aweight showed an association with AFGF21 (4 = 1.097;
95 % CI, 0.250-1.944; P = 0.012).

ABMI exhibited the same association as Aweight with AIL-1p (before adjusting for the effects of the antidiabetic agents: § = 0.286;
95 % CI, 0.061-0.511; P = 0.013) and AFGF21 (after adjusting for the effects of the antidiabetic agents: f = 0.430; 95 % CI,
0.125-0.735; P = 0.006).

Awaist was associated with AFGF21 (5 = 1.185; 95 % CI, 0.0820-2.287; P = 0.035) after adjusting for the effects of the antidiabetic
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agents while no association was observed before adjustment.

No association was observed between glycemic indices (AHbA1c, AFPG, and A2-h PPG) and ADIC levels.

Multiple linear regression analysis among IR, p-cell function indices, and ADICs revealed that AHOMA-IR was associated with
ALeptin both before (# = 0.085; 95 % CI, 0.008-0.162; P = 0.030) and after (f = 0.078; 95 % CI, 0.008-0.147; P = 0.029) adjusting for
the effects of the antidiabetic agents. Additionally, AHOMA-IR was associated with AIL-1p before (8 = 0.067; 95 % CI, 0.006-0.127; P
= 0.030), but not after, adjusting for the effects of the antidiabetic agents (P = 0.513).

No association was detected between AHOMA-B, AAIR, ADI, API/I, and AADIC.

4. Discussion

ADIC levels can undergo alterations via a variety of mechanisms in T2DM, which may also differ markedly from those in healthy
individuals [6]. Conversely, alterations in ADIC secretion can change the pathophysiology and progression of T2DM [32]. Increasing
evidence has indicated that alterations in ADIC levels may be the major biochemical mediators contributing to the pathophysiology of
inflammatory and metabolic diseases, including T2DM [33]. Accordingly, ADICs represent an increasingly promising therapeutic
target for T2DM treatment. In this post-hoc study of the CONFIDENCE clinical trial, we found that the levels of IL-1p and IFN-y, the
pro-inflammatory cytokines, were notably decreased after treatment with exenatide, whereas the opposite trend was seen in the insulin
treatment group. However, no significant changes were detected in the levels of the adipokines leptin and FGF21 in any of the
intervention groups. Significant differences in AIL-1p and AIFN-y were seen between treatment groups. Additionally, we found that
changes in ADIC contents might contribute to the differences in changes in metabolic factors, IR, and p-cell function among the three
groups. To the best of our knowledge, relatively few studies have compared changes in both adipokine and inflammatory cytokine
levels while also investigating the associations of metabolic factors, glycemic indices, p-cell function, and ADIC levels with different
hypoglycemic agents.

There is abundant evidence supporting that chronic inflammation, marked by increased levels of inflammatory cytokines, plays a
crucial role in the pathophysiology of T2DM. However, the mechanisms are still not fully understood [34]. Increased concentrations of
circulating inflammatory cytokines may augment the risk of metabolic disorders as well as increase pancreatic islet macrophage
infiltration and apoptosis of p cell. And these effects may eventually contribute to the development of T2DM [13-15]. The inflam-
matory cytokines IL-1p and IFN-y are key pro-diabetic inflammatory risk factors [19]. The levels of both IL-1f and IFN-y are increased
in animal models of T2DM, and both factors can impair insulin signaling, induce p-cell apoptosis and dysfunction, and promote IR [20,
21]. Results in previous studies showing a significant correlation between IL-1p and IFN-y suggested their close interaction [20,21].
Theoretically, the inhibition of inflammation, accompanied by a reduction in inflammatory cytokine levels, may lead to an
improvement in metabolic parameters and f-cell function in T2DM and the amelioration of the associated complications. Accordingly,
recent studies have assessed the potential of IL-1f and IFN-y as novel therapeutic targets in the treatment of T2DM [22,23]. Some
hypoglycemic agents have been reported to possess anti-inflammatory characteristics. Studies have consistently shown that inter-
vention with GLP-1 agonists leads to significant reduction of circulating IL-1p and IFN-y [35], and these anti-inflammatory effects were
recapitulated with exenatide intervention in our study. Similar reductions in IL-1p and IFN-y contents were not observed in the insulin
and pioglitazone treatment groups. However, reports on the effects of insulin treatment on inflammatory cytokine levels have been
inconsistent. For instance, Aas et al. found that the serum levels of high-sensitivity C-reactive protein (hs-CRP) and tumor necrosis
factor alpha (TNF-a) were significantly increased after neutral protamine Hagedorn (NPH) insulin intervention [36], whereas the
opposite result was reported in the most recent study [37]. Different characteristics of the participants, different effects on body weight
or different insulin regimens may explain these discrepant findings. In the present study, we found that IL-1p and IFN-y levels increased
in the group receiving premixed insulin treatment, indicating that insulin, even though it has the strongest hypoglycemic effects of the
three agents tested, may play a pro-inflammatory role with long-term administration. This pro-inflammatory effect may offset the
benefit of lowering blood glucose. It could partly explain the non-reduction in the number of major adverse cardiovascular events after
insulin treatment, even though glucose levels within the target range were achieved [38]. Studies investigating the effects of pio-
glitazone on IL-1p and IFN-y are scarce. Here, we found that the levels of circulating IL-1p and IFN-y decreased in the exenatide group,
but not in the pioglitazone group. The accompanying reduction in weight and waist circumference observed in the exenatide group,
but not the other two groups, may explain this difference. In addition, in the ANCOVA analysis, after controlling for the effect of
baseline, body weight, waist and HbAlc, changes in IL-1p and IFN-y contents in the exenatide group were significantly greater
compared with those in both the insulin and pioglitazone groups. These results further confirmed the anti-inflammatory characteristics
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Fig. 1. Adipokine and inflammatory cytokine levels at baseline and after 48 weeks of intervention in the exenatide (A), insulin (B), and pioglitazone
(C) groups. FGF21, fibroblast growth factor 21; IL-1p, interleukin-1 beta; IFN-y, interferon-gamma.



Table 2
Correlation between changes in ADICs and alterations in glycemic and metabolic indices in different groups.

Variables AIL-1B AIFN-y AFGF21 ALeptin

Exenatide Insulin Pioglitazone Exenatide Insulin Pioglitazone Exenatide Insulin Pioglitazone Exenatide Insulin Pioglitazone
A weight r=0.141 r=—0.034 r = 0.041 r = 0.019 r=-0.127 r=-0.102 r = 0.202 r=0.291 r=0.277 r = 0.258 r =0.198 r=—0.064
ABMI r=10.170 r=—0.043 r = 0.050 r=0.034 r=—0.146 r=—0.083 r=0.241 r=0.289 r=0.287 r=0.279 r=0.212 r=—0.054
A waist r=0.025 r = —0.055 r=0.039 r=-0.036 r = —0.006 r = —0.058 r = 0.264 r=0.165 r=0.179 r=0.301* r =0.062 r=-0.361*
ASBP r = 0.044 r=—-0.151 r=—-0.198 r=0.191 r = —0.074 r = —0.204 r=0.037 r = —0.059 r=0.011 r = —0.003 r=0.017 r = 0.038
ADBP r=0.211 r = —0.066 r = —-0.150 r = 0.350* r=-0.077 r=-0.148 r = —0.002 r = 0.090 r = 0.029 r=0.132 r=-0.079 r = 0.081
AHbAlc r=0.147 r=-0.103 r = 0.053 r=0.134 r=-0.126 r = 0.096 r=-0.104 r=0.180 r=-0.103 r = 0.090 r = —0.095 r=-0.108
AFPG r=0.164 r = 0.041 r=0.236 r=0.243 r = 0.083 r=0.161 r=0.286 r = 0.265 r = —0.057 r = 0.068 r = —-0.085 r = 0.001
A2-h PPG r=0.174 r = —0.364* r = 0.086 r=0.243 r = —0.363* r = 0.058 r=0.102 r=0.248 r=—0.081 r = 0.044 r = 0.063 r=0.130
ATG r =0.087 r=0.231 r=-0.109 r=0.135 r = 0.246 r=—-0.144 r = 0.454** r=-0.212 r=—0.063 r=0.067 r=0.032 r=—0.067
A LDL-C r=0.028 r=-0.010 r=0.081 r=-0.124 r = 0.090 r=-0.017 r = 0.064 r = 0.057 r = 0.365* r=0.138 r=0.101 r=-0.173
AHOMA-IR r=0.023 r=0.108 r=0.106 r=0.061 r = 0.006 r=0.023 r=-0.177 r=0.217 r=-0.120 r=0.244 r = 0.208 r = 0.294
AHOMA-B r=-0.077 r = 0.075 r = —0.049 r=-0.106 r=0.016 r=-0.117 r = —0.409 r = —0.055 r = —-0.053 r = 0.045 r=0.248 r = 0.160
AAIR r=-0.286 r=0.111 r=-0.034 r=-0.298 r=10.148 r=0.023 r=-0.204 r=-0.195 r = 0.062 r=0.124 r = —0.255 r=—0.260
ADI r=0.021 r = 0.048 r=-0.222 r=0.102 r = 0.247 r = 0.009 r = 0.558* r = —0.493* r = 0.220 r = —0.068 r=0.216 r = 0.094
API/1 r=-0.204 r=-0.287 r = 0.425* r=-0.168 r=-0.197 r = 0.315 r = 0.076 r = 0.042 r=-0.276 r=-0.294 r=-0.329 r = 0.038
AIL-1p - - - r = 0.857** r = 0.852*%* r = 0.723** r = 0.340* r=—0.229 r=-0.116 r=0.216 r = 0.080 r = 0.257
AIFN-y r = 0.857** r = 0.852*%* r = 0.723** - - - r = 0.356* r = —0.363* r=—-0.326 r=0.153 r = 0.054 r = 0.316
AFGF21 r = 0.340* r=-0.229 r=-0.116 r = 0.356* r = —0.363* r=-0.326 - - - r=-0.027 r=-0.211 r = —0.339*%
ALeptin r=0.216 r = 0.080 r=0.257 r=0.153 r = 0.054 r=0.316 r=—0.027 r=-0.211 r = —0.339* - - -

*P < 0.05 **P < 0.01.

A changes from baseline to the endpoint, CI confidence interval, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HbAIc hemoglobin Alc, FPG fasting plasma glucose, 2-h
PPG 2-h postprandial plasma glucose, TG triglycerides, LDL-C low density lipoprotein cholesterol, HOMA-IR homoeostasis model assessment of insulin resistance, HOMA-B homoeostasis model assessment
of p-cell function, AIR 10-min acute insulin response, PI/I fasting proinsulin-to-insulin ratio, DI disposition index.
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Fig. 2. Comparison of changes in ADIC contents from baseline among the three groups. FGF21, fibroblast growth factor 21; IL-1p, interleukin-1
beta; IFN-y, interferon-gamma.

of exenatide. Results in the present study demonstrated that exenatide could exert both anti-hyperglycemic and anti-inflammatory
effects on diabetes, and its anti-inflammatory effects were superior to those of insulin and pioglitazone, regardless of the changes
in body weight and HbAlc. Inflammation has been well recognized as a contributor to atherosclerosis and ultimately cardiovascular
disease (CVD) [39]. Decreased IL-18 and IFN-y contents in the exenatide group in the present study may lead to suppress oxidative
stress and foam cell accumulation, reduce smooth muscle cell proliferation and migration into the arterial intima, and stabilize plaque,
which may eventually reduce CVD [22,39,40].

We further found that AIL-1p was independently associated with Aweight, ABMI, and AHOMA-IR in the multiple linear regression
analysis. These findings suggested that the changes in weight, BMI, and IR were associated with changes in IL-1p levels. However, this
association was lost when the effects of the antidiabetic agents were controlled for, implying that IL-1p might play an intermediate role
between changes in weight, BMI, HOMA-IR, and antidiabetic agents (mainly exenatide). Exenatide treatment may contribute to a
decrease in IL-1p levels along with a reduction in body weight, BMI, and HOMA-IR in this group. However, no associations were found
among glycemic indices, B-cell function, and ADIC contents. Our findings suggested that in consideration of weight and IR in T2DM,
the anti-inflammatory characteristic of agents should be considered when choosing hypoglycemic agents.

The discovery of leptin, the first adipokine to be identified, was considered a milestone in adipokine research [7,8]. Leptin has an
important role in the regulation of satiety, energy expenditure [41], p-cell mass, insulin sensitization, and atherogenesis [42]. A recent
study reported that, among the assessed adipocytokines, leptin was found to be the hub of the biomarker correlation network in T2DM
[9]. Elevated leptin levels in T2DM have been reported to be associated with the progression of diabetic complications through its
stimulatory effects on oxidative stress and inflammation [43,44]. Numerous studies to date have investigated the effects of leptin
replacement therapy on IR and hyperglycemic management in animal models of diabetes; however, relatively few studies involved in
the investigation on alteration of leptin after medical treatment. Metformin and DDP-IV have been reported to decrease leptin levels in
T2DM patients [24]. Nevertheless, data regarding the effects of GLP-1 on leptin levels in T2DM remain limited. Frgssing et al. found
that liraglutide treatment in women with PCOS resulted in a significant reduction in the leptin level [45]. Moreover, a different study
recently reported that treatment with a combination of metformin and exenatide promoted a reduction in leptin levels in patients with
both obesity and T2DM [45]. The mean BMI of participants in that study, however, was greater than 31 kg/m?, which was significantly
higher than the BMI (25 kg/m?) observed in our study. This might explain the discrepancy between the two studies regarding leptin
levels. Reports of the effect of pioglitazone on the leptin level in T2DM have also been contradictory [46], while studies assessing the
effect of insulin on leptin levels have been rare. In the present study, the leptin level was not altered in any of the intervention groups,
and no differences in changes in leptin levels were observed among the three treatments. Our findings suggested that regular hypo-
glycemic agents did not affect the leptin level in non-obese diabetic population. Given the limited effect of exogenous leptin treatment
on diabetes [47], leptin may not be a good marker or target for the treatment of hyperglycemia regarding this lean group of patients.

FGF21, an adipokine predominantly expressed in the liver, stimulates glucose uptake into adipocytes, promotes an increase in
energy expenditure, and improves glucose and lipid metabolism [48]. Patients with T2DM have increased FGF21 levels and decreased
expression of FGF receptors resulting from a so-called ‘FGF21-resistant state’ [48]. Studies have shown that the administration of
FGF21 can exert anti-metabolic and anti-diabetic effects in T2DM [10]. Accordingly, regulating the circulating level of FGF21 might
enhance its anti-diabetic effects in T2DM and eventually reduce diabetic complications. However, conflicting results have been re-
ported for the effects of hypoglycemic agents on FGF21. Li et al. demonstrated that fasting plasma FGF21 concentrations were
decreased after treatment with rosiglitazone in poorly managed T2DM, in contrast to that reported for db/db mice by Muise et al. [49,
50]. In patients with T2DM, treatment with a GLP-1 receptor agonist led to a decrease in FGF21 levels [51]. However, no investigation
to date has evaluated the effect of insulin on FGF21 expression in diabetes. In the present study, FGF21 levels did not significantly
change in newly diagnosed patients with any of the treatments assessed. As FGF21 plasma concentrations exhibited high
inter-individual variability (0.05-5.5 ng/mL) in healthy individuals [52], we speculated that variability in FGF21 plasma concen-
trations might also influence the detection of FGF21 in patients with diabetes, which might partially explain the discrepancies between
ours and previous studies. In addition, compared with previous studies, the patients in our study were all newly diagnosed, relatively
lean, and had lower HbA1lc, which might also contribute to the different results obtained. Given its high inter-individual variability and
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Table 3
Multiple linear regression analysis using metabolic or p-cell function indices as dependent variables and ADICs as independent variables.
Variables  AIL-1p AIFN-y AFGF21 ALeptin
B (95 % CI) p B (95 % CI) P B (95 % CI) p B (95 % CI) p
Aweight
Model 0.753 0.017* 0.502(-0.277 — 0.204 0.880(-0.122 — 0.085 0.700(-0.078 — 0.077
1 (0.137-1.369) 1.282) 1.883) 1.478)
Model 0.136(-0.450 — 0.647 —0.278(-1.002 — 0.449 1.097(0.250-1.944) 0.012* 0.515(-0.165 — 0.136
2 0.722) 0.446) 1.195)
ABMI
Model 0.286 0.013* 0.193(-0.092 — 0.182 0.350(-0.015 — 0.060 0.274(-0.010 — 0.059
1 (0.061-0.511) 0.478) 0.716) 0.558)
Model 0.060(-0.153 - 0.577 —0.092(-0.356 — 0.488 0.430(0.125-0.735) 0.006%** 0.206(-0.040 - 0.100
2 0.273) 0.171) 0.453)
Awaist
Model 0.672(-0.112 - 0.092 0.622(-0.360 — 0.212 0.958(-0.298 — 0.134 0.359(-0.631 — 0.475
1 1.455) 1.605) 2.214) 1.348)
Model 0.000(-0.765 — 0.999 -0.172 0.720 1.185(0.082-2.287) 0.035* 0.170(-0.724 — 0.707
2 0.764) (-1.120--0.776) 1.064)
AHbAlc
Model 0.073(-0.135 — 0.490 0.105(-0.153 — 0.422 —0.097(-0.431 — 0.565 —0.022(-0.282— 0.870
1 0.281) 0.364) 0.237) 0.239)
Model 0.038(-0.187 - 0.736 0.070(-0.208 — 0.620 —0.087(-0.424 — 0.609 —0.033(-0.297- 0.801
2 0.264) 0.347) 0.250) 0.230)
AFPG
Model 0.325(-0.070 - 0.106 0.467(-0.020 — 0.060 0.600(-0.056 — 0.072 0.017(-0.476 — 0.946
1 0.719) 0.954) 1.255) 0.510)
Model 0.316(-0.018 — 0.143 0.450(-0.071 — 0.090 0.615(-0.047 — 0.068 —0.004(-0.500 — 0.986
2 0.740) 0.972) 1.276) 0.491)
A2-h PPG
Model —0.166(-0.731 — 0.562 —0.040(-0.739 — 0.911 0.354(-0.524 — 0.426 0.308(-0.391 — 0.385
1 0.400) 0.660) 1.230) 1.007)
Model —0.172(-0.767 - 0.569 —0.072(-0.804 - 0.845 0.343(-0.525 - 0.435 0.291(-0.399 - 0.406
2 0.424) 0.659) 1.210) 0.980)
AHOMA-IR
Model 0.067 0.030* 0.069(0.004-0.141) 0.063 —0.042(-0.132 - 0.358 0.085(0.008-0.162) 0.030*
1 (0.006-0.127) 0.048)
Model 0.023(-0.067 — 0.513 0.011(-0.062 — 0.772 —0.028(-0.113 — 0.513 0.078(0.008-0.147) 0.029*
2 0.083) 0.083) 0.057)
AHOMA-B
Model 0.044 0.231 0.035(-0.052 — 0.429 —0.104(-0.209 — 0.051 0.060(-0.032 — 0.199
1 (0.028-0.116) 0.121) 0.001) 0.151)
Model 0.000(-0.073 - 0.995 —0.024(-0.112 - 0.601 —0.091(-0.192 - 0.077 0.054(-0.033 - 0.221
2 0.074) 0.065) 0.010) 0.141)
AAIR
Model —6.576(-20.028 — 0.334 —8.674(-24.960 — 0.293 —-11.727 0.288 —6.005 0.499
1 6.876) 7.612) (-33.457-10.002) (-23.551-11.541)
Model —5.633(-20.220 — 0.445 —7.455 0.409 —13.521(-35.378 - 0.222 —4.926 0.580
2 8.953) (-25.294-10.384) 8.336) (-22.538-12.686)
ADI
Model 0.011(-0.180 — 0.911 0.162(-0.061 — 0.152 0.141(-0.165 — 0.361 0.095(-0.171 — 0.476
1 0.202) 0.386) 0.447) 0.362)
Model —0.016(-0.221 — 0.877 0.134(-0.111 - 0.278 0.185(-0.121 - 0.231 0.057(-0.211 — 0.672
2 0.189) 0.380) 0.490) 0.325)
API/I
Model —0.100(-0.230 — 0.129 —0.107(-0.266 — 0.183 —0.006(-0.189 - 0.950 —0.164(-0.332 - 0.056
1 0.030) 0.051) 0.177) 0.004)
Model —0.852(-0.190 — 0.459 —0.050(-0.219 — 0.558 —0.021(-0.204 — 0.822 —0.153(-0.319 — 0.070
2 0.086) 0.119) 0.163) 0.013)

*P < 0.05 **P < 0.01.

Model 1 were before adjustment.
Model 2 were adjusted for effects of the antidiabetic agents.

A changes from baseline to the endpoint, CI confidence interval, HbAIc hemoglobin Alc, HOMA-IR homoeostasis model assessment of insulin
resistance, HOMA-B homoeostasis model assessment of p-cell function, AIR 10-min acute insulin response, PI/I fasting proinsulin-to-insulin ratio, DI
disposition index.

the results in our study, FGF21 may have limited value for clinical use. However, the effects of other hypoglycemic agents on this

adipokine need to be investigated to better determine its diagnostic and therapeutic value in diabetes.
Interestingly, during the analysis, we also found a correlation between a reduction in adipokine levels and that in the
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concentrations of inflammatory cytokines. A strong positive correlation was observed between plasma and adipose tissue levels of hs-
CRP, leptin, and TNF-a. Here, we concluded that there was a strong relationship between adipocytokines and inflammatory markers,
suggesting that cytokines secreted by adipose tissue play a role in the increased secretion of inflammatory proteins by the liver [16].
The findings of the present study indicated that adipokines and reduced levels of inflammatory cytokines had an interactional effect in
the condition of hyperglycemia. Accordingly, we assessed adipokine and inflammatory cytokine content together in the present study.

One limitation of this study was that metformin was not included in the analysis as this was a post-hoc study of the CONFIDENCE
trial. However, we believe that patients without previous treatment or the confounding effects of other hypoglycemic agents would
allow for a better comparison of treatment with the three agents on changes in ADIC levels. Secondly, no normal control group was
included in the present study. Thirdly, this study was a correlation design and cannot imply causality. Finally, this is a post-hoc analysis
of our main study (the CONFIDENCE study) and the sample size calculation was based on the primary outcome of the CONFIDECNE
study instead of this post-hoc study. As a result, the possibility that the negative findings in our study could be due to the sample size
cannot be ruled out. We intend to address these limitations in a future study.

5. Conclusion

In conclusion, we found significant changes in the levels of inflammatory cytokines (IL-1p and IFN-y), but not adipokines of leptin
or FGF21, after treatment with exenatide in patients newly diagnosed with T2DM. The observed reduction in weight, BMI, and IR may
be associated with the decrease in inflammatory cytokine levels induced by the use of the hypoglycemic agent exenatide. Exenatide
exerted more favorable hypoglycemic effects compared with insulin and pioglitazone in patients newly diagnosed with T2DM.
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