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Aim: The aim of this study was to compare the efficacy and safety of fixed-dose combination (FDC) of pioglitazone and metformin
supplemented with dapagliflozin (test group) with those of basal insulin supplemented with metformin (control group) in patients with
inadequately controlled type 2 diabetes mellitus (T2DM).

Methods: This 16-week, prospective, randomized, open-label study enrolled patients aged 18—75 years with glycated hemoglobin
(HbAlc) levels between > 8% and < 11%. The primary endpoint was the proportion of patients who achieved HbAlc < 7% at week 16
without hypoglycemia or weight gain. The secondary endpoints included blood glucose, lipid profile, body weight, body mass index,
inflammatory markers, bone Gla-protein, liver enzymes, and patient satisfaction.

Results: Among the full analysis set of 147 participants, no significant difference was observed in the primary endpoint between the
test group and the control group. However, the test group had a higher percentage of patients who achieved HbAlc <7% at week 16
without hypoglycemia and experienced a weight loss of >3% (31.51% vs 13.51%, P=0.009). Patients in the test group whose
BMI>24 kg/m? also achieved a substantial achievement rate (36.73% vs 15.79%, P=0.014). The test group also exhibited a greater
reduction in body weight and improvements in 2-hour postprandial glucose level, systolic blood pressure, and lipid profile. Notably,
combination therapy did not increase the risk of hypoglycemia or weight gain. Patients in the test group were more satisfied than those
in the control group with continuing to accept pioglitazone/metformin FDC combined with dapagliflozin.

Conclusion: In the absence of contraindications, pioglitazone/metformin FDC supplemented with dapagliflozin may serve as a safe
and effective alternative to basal insulin combined with metformin for rectifying inadequate glucose control, as the former enables
metabolic improvements without compromising safety.

Chinese Clinical Trial Registry Number: CHiCTR2000036076. https://www.chictr.org.cn/showproj.html?proj=58825.
Keywords: dapagliflozin, pioglitazone/metformin FDC, type 2 diabetes, metformin, insulin

Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder that affects millions of people worldwide and requires
lifelong treatment. Metformin is a commonly used oral hypoglycemic agent that can be used in combination with many
other hypoglycemic agents. Current guidelines recommend that metformin treatment be continued after the initiation of
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insulin (usually basal insulin) treatment,'** as it improves glycemic control, reduces the overall insulin dose required
more effectively than insulin alone,’ without increasing the incidence of hypoglycemia and weight gain.*> In China,
patients with T2DM who had previously experienced inadequate glycemic control with oral antidiabetic drugs showed
improved glycemic control, potentially required lower insulin doses, and experienced less weight gain after adopting
basal insulin therapy with metformin compared to those who underwent basal insulin therapy without metformin.®

While the timely addition of insulin to oral therapy for T2DM has been recommended for preventing complications
by providing strict glycemic control and B-cell protection, a significant number of patients who suffer from inadequate
glucose control delay insulin therapy because of concerns about hypoglycemia, weight gain, or injection administration,
and such concerns might also negatively impact patient adherence to insulin therapy.” As T2DM is a progressive disease,
the initial therapy frequently proves inadequate in achieving optimal glycemic control, necessitating the use of add-on
therapies. Fixed-dose combination (FDC) therapy can be an invaluable tool for helping patients effectively meet
glycemic targets.® To improve treatment outcomes and patient compliance, combination of pioglitazone and metformin
or their FDC has been proven a greater reductions in glucose level, with no increase in adverse events (AEs), than when
the individual therapies are used separately.”'! Moreover, in a study of treatment-naive patients with T2DM, pioglita-
zone/metformin FDC was shown to have similar or more favorable effects on circulating biomarkers of cardiovascular
disease (CVD) compared with each monotherapy.'?

Pioglitazone, an antidiabetic drug in the thiazolidinedione (TZD) class, is often used in combination with metformin
to improve insulin sensitivity. It selectively activates peroxisome proliferator-activated receptor gamma (PPARY), thereby
regulating the transcription of multiple insulin-related genes involved in glucose and lipid metabolism.'> While
pioglitazone exerts significant effects in diabetes treatment, there are concerns about potential adverse reactions to this
drug, such as edema and weight gain.'"* Edema formation may be related to the specific mechanisms of TZDs, such as
vascular permeability and fluid retention,'> while weight gain may be associated with the expression of PPARy in various
tissues and fat redistribution.'®!”

Dapagliflozin, a hypoglycemic agent commonly used in clinical practice, reduces renal glucose reabsorption by
inhibiting sodium—glucose cotransporter 2 (SGLT-2), thus lowering the renal threshold for glucose, promoting the
excretion of excess glucose in the urine, effectively improving fluid retention, and accelerating heat consumption in
the body.'® Recent studies have shown that the combination of pioglitazone and dapagliflozin not only reduces glycated
hemoglobin (HbA1c) levels in patients with T2DM, alleviates oxidative stress, and reduces the risk of ketoacidosis and
hypoglycemia, but also mitigates edema and fluid retention and improves weight gain issues caused by pioglitazone.'**

The combination of pioglitazone/metformin FDC and dapagliflozin is believed to effectively control glycometabolism
and reduce the incidence of weight gain and edema. While one study compared the use of pioglitazone/metformin FDC
and dapaglifiozin to a placebo,*' no studies have yet compared the use of this FDC to that of insulin combined with
metformin. Therefore, this study aimed to compare the effectiveness and safety of pioglitazone/metformin FDC
supplemented with dapagliflozin to those of basal insulin supplemented with metformin in patients with T2DM and
inadequate glycemic control.

Materials and Methods

Study Design

A 16-week, randomized, controlled, multicenter, open-label clinical trial was conducted at 11 hospitals in China. The
primary trial center was Shanghai First People’s Hospital. Collaborating trial centers included Shanghai Tongji
University Affiliated Dongfang Hospital, Shanghai Jiao Tong University School of Medicine Affiliated Xinhua
Hospital, Fudan University Affiliated Huadong Hospital, Shanghai University of Traditional Chinese Medicine
Affiliated Seventh People’s Hospital, Shanghai Fengxian District Central Hospital, Fudan University Affiliated
Zhongshan Hospital Qingpu Branch, Beijing Wangjing Hospital, the China Academy of Chinese Medical Sciences,
Shaanxi Provincial People’s Hospital, and Hubei Shiyan Taihe Hospital. At these 11 centers, the researchers strictly
adhered to the inclusion and exclusion criteria set by the primary center, and all participants were fully informed about
their physical conditions, disease diagnoses, and treatment plans, as well as the potential risks and complications that
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may arise during the study process. Prior to the start of the trial, the protocol was registered (Chinese Clinical Trial
Registration Number: CHiCTR2000036076).

The aim was to compare the efficacy and safety of pioglitazone/metformin FDC supplemented with dapagliflozin to
those of basal insulin combined with metformin in patients with poorly controlled T2DM. The data were collected in
accordance with a standardized protocol to ensure accuracy and completeness. Abnormal values were carefully reviewed
and processed to ensure the data’s reliability. All data were anonymized to protect the privacy of the subjects.

This study was approved by the Ethics Committee of Shanghai General Hospital (Approval Number: [2022]102) and
by other medical centers. All study procedures were conducted in accordance with the Helsinki Declaration of 1964 (as
revised in 2013). All subjects signed an informed consent form after being made fully aware of the research content and
risks. To ensure the quality and reliability of the study, we adopted a series of quality control measures, including regular
training and assessment of research personnel, calibration and maintenance of the experimental equipment, and strict
quality checks of the experimental data.

Participants

Between December 6, 2020, and September 3, 2021, 201 patients underwent eligibility screening, with 153 patients
ultimately included in the randomization. Using an interactive web response system, the patients were randomly assigned
to a group that received pioglitazone/metformin FDC combined with dapagliflozin (78 patients) or to a group adminis-
tered basal insulin combined with metformin (75 patients). Once participants without medication records were excluded,
74 and 73 patients were ultimately included in the full analysis set (FAS), respectively (Figure 1).

The inclusion criteria for the trial specified participants aged between 18 and 75 years who were newly diagnosed
(within three months prior to enrollment and without pharmacological treatment) or had been previously treated with
hypoglycemic agents for a duration of > 3 months (excluding those who had used thiazolidinediones, SGLT-2 inhibitors,
insulin, or more than three oral hypoglycemic agents in the past six months) and, in both cases, had poorly controlled

Assessed for eligibility
(n=201)

Excluded (n=48)
Met exclusion criteria (n=38)
Other reason (n=10)

A4

Randomization (n=153)

78 allocated to 75 Allocated to

; ; : pioglitazone/metformin FDC
basal insulin plus metformin plus dapagliflozin

Excluded (n=4) Excluded (n=2)

No medication records No medication records
(n=4) (n=2)
! !
Analyzed Analyzed
Full analysis set (n=74) Full analysis set (n=73)

Figure | Patient flow.
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glycemia, represented by HbAlc levels between 8.00% (60.60 mmol/mol) and 11.00% (83.30 mmol/mol). The exclusion
criteria ruled out patients with type 1 diabetes or other special types of diabetes, abnormal liver function, renal
impairment, pregnancy, fasting C-peptide levels < 400 pmol/L, severe chronic gastrointestinal diseases, severe heart
disease, or hypertension.

Intervention Measures and Control Conditions

The subjects in the test group underwent a 16-week treatment with the pioglitazone/metformin FDC (15 mg/500 mg;
produced by Hangzhou Zhongmei Huadong Pharmaceutical Co., Ltd), which was taken three times daily with meals until
the end of the 16-week follow-up. If the patients could not tolerate the full dose, the frequency was reduced to twice daily
and then adjusted back to three times daily based on the patient’s specific condition. Additionally, dapaglifiozin (10 mg,
AstraZeneca) was administered once daily, at an initial dose of 5 mg per week for the first week, followed by an increase
to 10 mg from the second week onward until the end of the 16-week follow-up.

Subjects in the control group received a 16-week treatment consisting of insulin-based therapy combined with
metformin hydrochloride for glycemic control. Specifically, metformin hydrochloride tablets (500 mg, Merck & Co.,
Inc). were taken three times daily with meals for 16 weeks (or twice a day if not well tolerated). Additionally, insulin
glargine was administered via subcutaneous injections before bedtime, with an initial dose of 10 IU per day for the first
three days. Subsequently, the dose was adjusted every three days based on the patient’s self-measured fasting blood
glucose level. The medication was continued for 16 weeks, with insulin dose adjustments based on fasting blood glucose
levels: 2 TU of insulin were upregulated for 5.60-6.60 mmol/L, + 4 IU for 6.70-7.70 mmol/L, + 6 IU for
7.80-9.90 mmol/L, and + 8 IU for > 10.00 mmol/L.

During the study, patients were advised to maintain their usual diet and physical activity levels as per their baseline
habits. Calorie intake and physical exercise were not strictly controlled but were monitored through regular follow-ups to
ensure no significant changes occurred that could affect the study outcomes.

Observational Indicators and Outcome Measures

Before enrollment and at the end of the 16th week, HbAlc and fasting C-peptide levels were measured, blood and urine
routines were performed, and blood biochemistry and electrocardiogram results (ECG) were evaluated. Inflammatory
markers, 2-hour postprandial blood glucose (2h PPBQG), brain natriuretic peptide (BNP), and bone Gla-protein (BGP)
levels were recorded at weeks 0, 12, and 16. Fasting venous blood glucose levels were recorded upon enrollment, at week
0, and at week 16. Fasting capillary blood glucose levels were recorded at weeks 4, 8, and 12.

The primary endpoint of this study was the proportion of participants who achieved a composite endpoint at week
16, defined as HbAlc < 7% (53.00 mmol/mol) without hypoglycemia or weight gain. Secondary endpoints included
HbAlc, fasting blood glucose, 2h PPBG, fasting C-peptide, homeostatic model assessment of insulin resistance
(Homa-IR) results, homeostatic model assessment of beta-cell function (Homa-islet) results, diastolic blood pressure
(DBP), and systolic blood pressure (SBP); lipid profiles, including triglycerides (TG), total cholesterol (TC), free fatty
acids (FFA), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C); and
inflammatory markers, including C-reactive protein (CRP) and interleukin-6 (IL-6) levels, body weight, body mass
index (BMI), BNP, ECG, BGP, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and echocardio-
gram results (Echo). Hypoglycemia in this study was categorized as follows: 1) Severe hypoglycemia: This refers to
a condition in which patients require assistance from others to obtain carbohydrates, glucagon, or other resuscitative
measures. 2) Documented symptomatic hypoglycemia: This occurs when patients exhibit typical symptoms of
hypoglycemia, and their plasma glucose concentration is less than or equal to 70 mg/dL (3.90 mmol/L). 3)
Asymptomatic hypoglycemia: This refers to a condition in which patients do not exhibit typical symptoms of
hypoglycemia, but their blood glucose level is still less than or equal to 70 mg/dL (3.90 mmol/L). Other endpoints
included liver function, incidence of AEs (adverse gastrointestinal reactions, edema, and other AEs judged by the
investigators to be related to the treatment medication), and diabetes treatment satisfaction (based on Diabetes
Treatment Satisfaction Questionnaire scores).”
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Sample Calculation

Based on prior research findings, the control group was expected to have a compliance rate of 40.00%, while the test
group was expected to achieve a compliance rate of 65.00%, considering that their HbAlc levels were below 7.00% and
there was no hypoglycemia or weight gain. To be able to detect a significant difference between the treatments in the test
group and the control group with 80.00% power (B = 0.20) and an o level of 0.05, 60 subjects were required in each

group. A 20% shedding rate was predicted, so at least 150 patients were proposed for inclusion.

Statistical Analysis

The FAS population included subjects who met the eligibility criteria, were randomized, and received at least one
intervention dose. The safety population was defined as subjects who received at least one intervention dose. Missing
data were treated as nonresponsive. Continuous variables following a Gaussian distribution are presented as means (95%
confidence interval [CI]) and analyzed with independent sample #-tests. Non-normally distributed continuous variables
are represented as medians (interquartile range) and compared using the Mann—Whitney U-test. Categorical variables are
expressed as numbers (percentages). Pearson’s y’-test was applied for comparisons with expected cell frequencies >5;
otherwise, Fisher’s exact test was used. The primary endpoint comparison between the groups was performed using
Pearson’s y*-test. Post hoc analyses based on BMI and weight loss were conducted when the primary endpoint was not
statistically significant. Statistical analysis was conducted using SAS 9.4 software. All statistical tests used in the study
were two-sided, and a P value of < 0.05 was considered statistically significant.

Results

Baseline Characteristics

The average patient ages were 54.20 + 11.32 years in the control group and 54.35 + 11.24 years in the test group. Most of
the baseline characteristics, including BMI and HbAlc, were comparable between the two groups, except for body weight
(P = 0.045), heartbeats per minute (P = 0.031), and tobacco and alcohol use (P = 0.031 and 0.033, respectively), which
were all higher in the control group. Although the baseline data for smoking and alcohol consumption were imbalanced, no
differences were observed in the baseline values of the associated indicators, such as AST, ALT, and IL-6 (Table 1).

Table | Patient Demographics and Disease Characteristics at Baseline

Characteristics Pioglitazone/Metformin FDC + Basal Insulin + Metformin | P value
Dapagliflozin (N=73) (N=74)
Demographic features
Age (years) 54.35 (41.88, 66.82) 54.20 (51.62, 56.78) 0.860
Male (%) 48 (65.75%) 57 (77.03%) 0.130
Height (cm) 166.60 (128.38, 204.82) 168.06 (166.33, 169.79) 0.284
Weight (kg) 71.72 (55.27, 88.17) 73.89 (71.57, 76.21) 0.045
BMI (kg/m?) 25.75 (19.84, 31.66) 26.08 (25.49, 26.67) 0.197
BMI=24 kg/m? (%) 49 (67.12%) 57 (77.03%) 0.181
Vital signs
Heart rate (beats/min) 80.97 (62.40, 99.54) 84.46 (82.12, 86.80) 0.031
SBP (mmHg) 135.10 (104.11, 166.09) 131.88 (127.74, 136.02) 0.281
DBP (mmHg) 83.32 (64.21, 102.43) 84.80 (81.87, 87.73) 0.441
Blood glucose related indicators
HbAlc (mmol/mol) 70.3 (54.17, 86.43) 68.1 (66.63, 69.57) 0.895
HbAlc (%) 9.28 (7.15, 11.41) 9.25 (9.06, 9.44) 0.895
FBG (mmol/L) 10.70 (8.25, 13.15) 10.30 (9.72, 10.88) 0.307
2h PPBG 17.52 (13.50, 21.54) 17.66 (16.92, 18.40) 0.815
(Continued)
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Table 1 (Continued).

Characteristics Pioglitazone/Metformin FDC + Basal Insulin + Metformin | P value
Dapagliflozin (N=73) (N=74)

Fasting C-peptide (pmol/L) 843.37 (649.90, 1036.84) 841.43 (771.79, 911.07) 0.967

HOMA-IR 4.67 (3.60, 5.74) 4.58 (4.28, 4.88) 0.360

Homa-islet 85.84 (66.15, 105.53) 121.37 (57.75, 184.99) 0.542

Liver enzymes

ALT (U/L) 32.54 (25.08, 40.00) 32.95 (28.35, 37.55) 0.608

AST (U/L) 24.97 (19.24, 30.70) 24.37 (21.97, 26.77) 0.776

Lipid profiles

TC (mmol/L) 541 (4.17, 6.65.3) 5.21 (4.98, 5.44) 0.761

TG (mmol/L) 2.34 (1.80, 2.88) 2.53 (2.05, 3.01) 0.504

FFA (mmol/L) 0.68 (0.52, 0.84) 0.78 (0.56, 1.00) 0.704

LDL-C 3.17 (2.44, 3.90) 3.34 (3.16, 3.52) 0.260

HDL-C 1.29 (0.99, 1.59) 1.20 (1.12, 1.28) 0.271

Inflammatory cytokines and bone turnover

markers

CRP (mg/L) 3.35 (258, 4.12) 3.37 (2.65, 4.09) 0.438

IL-6 (pg/mL) 6.09 (4.69, 7.49) 3.36 (2.69, 4.03) 0.639

BGP (g/mL) 12.46 (9.60, 15.32) 12.95 (11.57, 14.33) 0.603

Heart function

BNP (pg/mL) 26.39+31.91 28.16+36.52 0.520

Abnormal echocardiogram 12 (16.44%) 10 (13.51%) 0.659

Tobacco use

Non-smoker (formerly smoked fewer than 100 48 (65.75%) 32 (43.24%) 0.020

cigarettes)

Current smoker (smoked cigarettes within the 20 (27.40%) 36 (48.65%)

past 30 days)

Former smoker (previously smoked more than 5 (6.85%) 6 (8.11%)

100 cigarettes)

Smoking duration (years) 26.40 (20.34, 32.46) 23.89 (20.95, 26.83) 0.464

Number of cigarettes smoked per day 13.50 (10.40, 16.60) 14.76 (12.80, 16.72) 0.672

Alcohol history 15 (20.55%) 27 (36.49%) 0.033
Notes: Data are presented as mean (95% Confidence Interval). Homeostasis model assessment-insulin resistance index (Homa-IR) = I.5 + fasting blood glucose x fasting

C-peptide/2800. Homeostasis model assessment-B-cell function (Homa-islet) = 0.27 x fasting C-peptide/(fasting blood glucose —3.5) + 50; The bold P-value indicates
a significant difference (P < 0.05).

Abbreviations: 2h PPBG, 2-hour Postprandial Blood Glucose; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; BGP, Osteocalcin; BMI, Body Mass Index;
BNP, Brain Natriuretic Peptide; CRP, C-Reactive Protein; DBP, Diastolic Blood Pressure; FBG, Fasting Blood Glucose; FFA, Free Fatty Acids; HbAIc, Glycated Hemoglobin
Alc; HDL-C, High-Density Lipoprotein Cholesterol; Homa-IR, Homeostatic Model Assessment of Insulin Resistance; Homa-islet, Homeostatic Model Assessment of Beta-
Cell Function; IL-6, Interleukin-6; LDL-C, Low-Density Lipoprotein Cholesterol; SBP, Systolic Blood Pressure; TC, Total Cholesterol; TG, Triglycerides.

Efficacy

Primary Endpoints

As shown in Table 2, at week 16, there was no significant difference in the proportion of patients who achieved
the primary endpoint between the test (43.84%) and control groups (37.84%). We then conducted post hoc
analyses based on BMI and weight reduction. The percentage of patients in the test group (31.51%) who reached
the target HbAlc level without developing hypoglycemia and experienced a weight loss of > 3.00% was
significantly higher than that in the control group (13.51%; P = 0.009). In the population with BMIs >
24.00 kg/m?, the proportion of subjects in the test group (36.73%) who achieved the target HbAlc level without
developing hypoglycemia and experienced a weight loss of > 3.00% was significantly higher than that in the
control group (15.79%; P = 0.014; Figure 2).
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Table 2 Proportions of Patients Meeting the Composite Endpoints

Pioglitazone/Metformin FDC Basal Insulin + | P value
+ Dapagliflozin (n=73) Metformin
(n=74)

Patients achieved HbA I c target, without hypoglycemic events, or weight gain | 32 (43.84%) 28 (37.84%) 0.407
Patients achieved HbAIc target, without hypoglycemic events, and 23 31.51%) 10 (13.51%) 0.009
experienced a weight reduction of 23%

Patients with a BMI 224 who achieved HbAIc target, had no hypoglycemic 18 (36.73%) 9 (15.79%) 0.014
events, and experienced a weight reduction of 23%.

Notes: Data are presented as number (proportion); The bold P-value indicates a significant difference (P < 0.05).

Secondary Endpoints

At week 16, the metabolic, inflammatory, cardiovascular, and other effects of the pioglitazone/metformin FDC combined
with dapagliflozin were evaluated against those of basal insulin combined with metformin. Relative to the baseline data,
glucose metabolism, BGP, and cardiac function data were comparable in the two groups (Table 3). In the test group,
a greater reduction from the baseline in SBP was found (P < 0.05). Although TG and FFA differed insignificantly
between the two groups, the improvement in HDL-C relative to the baseline value (P < 0.001) was notable Patients
administered FDC with dapagliflozin achieved a considerable body weight loss and BMI improvement (both P < 0.01).
The reduction in IL-6 was appreciable in the test group (P = 0.035). The level of ALT was greatly reduced from the
baseline value in the test group (P = 0.028). According to the satisfaction survey, overall satisfaction and responses to the
question “Would you like to continue your current treatment?”” scored higher in the test group than in the control group
(P < 0.05, Supplementary Table 1), indicating that the patients were more accepting of the oral combination therapy than
they were of the combination of injections with oral therapy.

Adverse Events

Overall, 29 AEs were reported by 21 patients in the control group, and 26 were reported by 17 patients in the test group
(P > 0.05). AEs occurred in similar proportions in the two groups. Notably, the rate of hypoglycemia was lower in the
test group (2 patients, 2.74%) than in the control group (10, 13.51%), as shown in Table 4.
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Figure 2 Primary endpoints. Results for the primary endpoints. (a) Patients who achieved the HbAc target without hypoglycemic events or weight gain. (b) Patients who
achieved the HbA | ¢ target without hypoglycemic events and experienced a weight reduction of 2 3%. (c) Patients with BMls = 24 kg/m? who achieved the HbA | c target, had
no hypoglycemic events, and experienced a weight reduction of 2 3%.
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Table 3 Changes From Baseline in Blood Glucose Levels, Blood Pressure, Lipid Profile, Inflammatory Cytokines and Bone

Turnover Markers, Cardiac Function, and Liver Enzymes at week 16

Pioglitazone/Metformin FDC + Dapagliflozin | Basal Insulin + Metformin | P value
HbAIc (%) —2.36(—2.66, —2.06) —2.24(-2.61, —1.88) 0.635
FBG (mmol/L) —4.07(—4.58, —3.55) —3.36(—4.05, —2.68) 0.104
Fasting C-peptide (pmol/L) —217.48(-273.92, —161.03) —189.21(—243.19, —135.23) 0.966
2h PPBG (mmol/L) —5.66(—6.65, —4.67) —4.39(-5.26, -3.51) 0.055
Homa-IR —1.69(—1.92, —1.46) —1.43(—1.70, —1.16) 0.215
Homa-islet 27.10(18.53, 35.66) —6.67(—76.43, 63.08) 0.869
SBP (mm Hg) —9.28(—12.89, —5.66) 2.14(-2.54, 6.82) <0.001
DBP (mm Hg) —4.62(—7.39, —1.85) —2.89(—6.27, 0.50) 0314
TC (mmol/L) —0.09(-0.67, 0.49) —0.39(-0.63, —0.15) 0.017
TG (mmol/L) —0.45(—1.27, 0.37) —0.24(—0.82, 0.33) 0.071
LDL-C (mmol/L) —0.03(—0.26, 0.20) —0.41(—0.60, —0.22) 0.011
HDL-C (mmol/L) 0.24(0.14, 0.33) —0.04(—0.16, 0.07) <0.001
FFA (mmol/L) —0.09(-0.16, —0.02) —0.17(-0.47, 0.12) 0.586
Body weight (kg) —2.07(-2.70, —1.44) —0.96(—1.52, —0.41) 0.009
BMI (kg/m?) —0.74(-0.97, —0.51) —0.33(—0.54, —0.13) 0.010
CRP (mg/L) —0.80(—1.46, —0.13) 0.03(—0.59, 0.65) 0.081
IL-6 (pg/mL) —0.62(—1.86, 0.61) 0.88(—1.17, 2.92) 0.035
BGP (g/mL) —0.19(—1.23, 0.84) —0.76(—2.04, 0.53) 0.816
BNP (pg/mL) 6.84(—1.12, 14.79) 1.95(—4.04, 7.94) 0.193
Echo (at week 16) 0.857
Abnormal without clinical significance | 27(36.99%) 31(41.89%)
Abnormal with clinical significance 9(12.33%) 9(12.16%)
Normal 33(45.21%) 31(41.89%)
EF (%) —1.31(-2.49, —0.12) —1.07(-2.60, 0.46) 0.805
LVEDD (mm) 1.18(0.18, 2.17) 0.56(—0.50, 1.62) 0.397
LVESD (mm) 0.79(0.15, 1.43) 0.80(—0.25, 1.85) 0.982
ALT (U/L) —11.32(—15.14, —7.50) —6.94(—10.15, —3.73) 0.028
AST (U/L) —5.26(-7.71, —2.81) —3.49(-5.33, —1.64) 0.126

Notes: Data are presented as mean (95% Cl) or number (percentage). Homa-IR =1.5 + fasting blood glucose x fasting C-peptide/2800. Homa-islet = 0.27 x
fasting C-peptide/(fasting blood glucose —3.5) + 50; The bold P-value indicates a significant difference (P < 0.05).

Abbreviations: 2h PPBG, 2-hour Postprandial Blood Glucose; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; BGP, Osteocalcin; BMI, Body
Mass Index; BNP, Brain Natriuretic Peptide; CRP, C-Reactive Protein; DBP, Diastolic Blood Pressure; Echo, Echocardiogram; EF, Ejection Fraction; FBG, Fasting
Blood Glucose; FFA, Free Fatty Acids; HbAlc, Glycated Hemoglobin Alc; HDL-C, High-Density Lipoprotein Cholesterol; Homa-IR, Homeostatic Model
Assessment of Insulin Resistance; Homa-islet, Homeostatic Model Assessment of Beta-Cell Function; IL-6, Interleukin-6; LDL-C, Low-Density Lipoprotein
Cholesterol; LVEDD, Left Ventricular End-Diastolic Diameter; LVESD, Left Ventricular End-Systolic Diameter; SBP, Systolic Blood Pressure; TC, Total Cholesterol;
TG, Triglycerides.

Table 4 Summary of Adverse Events

Pioglitazone/Metformin FDC + | Basal Insulin + Total

Dapagliflozin (n=73) Metformin (n=74) (n=147)
Leukopenia 1 (1.37%) 0 |
Irregular stool 0 I (1.35%) |
Hypoglycemia 0 5 (6.76%) 5
Hypoglycemia reaction 2 (2.74%) 2 (2.70%) 4
Symptoms associated with hypoglycemia 0 I (1.35%) |
Symptoms of hypoglycemia (palpitations, 0 2 (2.70%) 2
shaking hands)
Fatigue 0 I (1.35%) |
Flatulence I (1.37%) 0 |

(Continued)
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Table 4 (Continued).

Pioglitazone/Metformin FDC + | Basal Insulin + Total
Dapagliflozin (n=73) Metformin (n=74) (n=147)

Abdominal pain (paroxysmal pain in the 1 (1.37%) 0 |
upper right quadrant)

Diarrhea 1 (1.37%) 0 |
Bloating 2 (2.74%) 0 2
Hyperlipidemia 1 (1.37%) 0 |
Acute gastroenteritis 0 I (1.35%) |
Consider hypoglycemia 1 (1.37%) 0 |
Cerebral infarction 0 I (1.35%) |
Urinary tract infection I (1.37%) I (1.35%) 2
Vomit I (1.37%) 0 |
Skin allergies (red rash on back, chest, I (1.37%) 0 |
obliques)

Upper respiratory infection I (1.37%) 3 (4.05%) 4
Hand injury I (1.37%) 0 |
Dizziness I (1.37%) 2 (2.70%) 3
Dizziness, nausea, cold sweat 0 I (1.35%) |
Dizziness, fatigue I (1.37%) 0 |
Dizziness, general weakness, diarrhea 0 I (1.35%) |
Gastrointestinal reaction 5 (6.85%) I (1.35%) 6
Lower extremity rash with Itching 0 I (1.35%) |
Lower extremity edema I (1.37%) 0 |
Indigestion I (1.37%) 0 |
Digestive tract reaction 0 I (1.35%) |
Flustered cannot sleep 0 I (1.35%) |
Heart palpitations 0 1 (1.35%) |
Inflamed gums 1 (1.37%) 0 |
Transient urethral-lip rash I (1.37%) 0 |
Hypoglycemia-related symptoms 0 1 (1.35%) |
Bronchitis (cough) 0 1 (1.35%) |

Notes: Multiple adverse events in one patient were counted as multiple adverse events. Data are presented as number (%).

Discussion

The study results indicated no significant difference between the test and control groups in the overall proportion of
patients achieving HbAlc levels <7.00% without hypoglycemia or weight gain. However, a notably higher proportion of
patients in the test group attained the target HbAlc without hypoglycemia and achieved a body weight reduction of
>3.00% compared to the control group, particularly among individuals with BMIs >24.00 kg/m?. Furthermore, the test
group demonstrated meaningful improvements in SBP, lipid profiles, body weight, BMI, inflammatory markers, and liver
function, along with clinically symptomatic benefits. Additionally, the incidence of hypoglycemia was substantially
lower in the test group.

Patients with T2DM are often comorbid with one or more components of metabolic syndrome, such as hypertension,
dyslipidemia, or obesity, which significantly increase the risk, progression rate, and harm of T2DM complications.?
Therefore, the management of T2DM should be comprehensive, including the control of blood glucose, blood pressure,
blood lipids, and body weight, while avoiding the occurrence of safety events, such as hypoglycemia.”* Although some
previous studies have used similar endpoints, the number is relatively limited.*> Single-drug administration often fails to
simultaneously achieve all these goals, and it is usually necessary to add other drugs to compensate for their short-

comings. Many studies have shown that, compared to monotherapy with pioglitazone or metformin, the change in HbAlc
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from the baseline in patients treated with the FDC of pioglitazone and metformin consistently demonstrates a superior
treatment effect. The pioglitazone/metformin FDC is well tolerated, with a lower or similar incidence of AEs compared
to each monotherapy, but as some studies have pointed out, pioglitazone may cause weight gain.”®* In this study, we
chose to combine dapagliflozin with the pioglitazone/metformin FDC based on its known mechanism of inhibiting renal
glucose reabsorption and increasing glucose excretion, thereby inducing a negative energy balance within the body and
facilitating fat utilization.”®>° Metformin, on the other hand, accelerates the body’s utilization of glucose, reducing the
energy supply to the body.

To meet its own energy needs, the body directly consumes adipose tissue, thereby reducing its fat content.>' The
combination of insulin and metformin, a powerful hypoglycemic therapy, has been recommended by many guidelines for
a long time.*? However, hypoglycemia and weight gain are common adverse effects associated with insulin treatment.*?
The results of the composite endpoints in this study suggest that the combination of the pioglitazone/metformin FDC and
dapagliflozin has certain advantages over insulin combined with metformin in the comprehensive management of T2DM.
Furthermore, while not statistically significant, the observed changes in HbAlc, fasting venous blood glucose, fasting
C-peptide, 2-hour postprandial venous blood glucose, Homa-IR, and Homa-islet still suggested improvements in glucose
metabolism and cellular function from pioglitazone/metformin FDC combined with dapagliflozin.

In the Chinese population, a BMI between 24.00 and 27.90 kg/m? is generally categorized as overweight, while a BMI
of 28.00 kg/m? or above is considered obese.** The pathogenesis of T2DM mainly involves defects in insulin secretion,
namely absolute deficiency, insulin resistance, or utilization disorders. The key factor in its development is insulin resistance
caused by overweight and obesity. Thus, obesity is an indispensable factor to consider in studying the occurrence and
development of T2DM.?® In China, the proportion of patients with abdominal obesity among diabetics is close to 50%.
Some studies have demonstrated that losing approximately 10 kg of weight can reduce the mortality rate of diabetic patients
by about 25%.>® Over the past 30 years, the average BMI of adults in China has increased by approximately 1.8 kg/m?, the
prevalence of obesity has increased by 8 times, and the prevalence of diabetes has increased by 14 times. Diabetic patients
with overweight or obesity have a higher visceral fat volume than those with overweight or obesity alone.>” Based on these
studies, it can be concluded that there is a strong correlation between an increase in BMI and the risk of developing T2DM.
However, the complex relationship between obesity and T2DM has not been fully elucidated, and the occurrence,
development, and mutual promotion of the two conditions require further investigation.

SGLT?2 primarily leads to weight loss through caloric loss and osmotic diuresis. Multiple meta-analyses have shown
that SGLT?2 inhibitors significantly reduce body weight in elderly patients compared with placebos, with a combined
weight loss effect of 1.72 kg. In elderly patients with T2DM aged 55 to 80 years, 100 or 300 mg of canagliflozin per day
for 104 weeks can result in an average weight loss of 2.7 or 3.5 kg, respectively. In this study, the proportion of subjects
with BMIs > 24.00 kg/m? in the test group who achieved the target HbAlc level did not experience hypoglycemia, and
they lost > 3.00% of their body weight when treated with the pioglitazone/metformin FDC combined with dapaglifiozin,
which was a significantly higher rate than that in the control group. This indicates that dapaglifiozin can improve blood
glucose levels while also managing body weight. In this study, we observed better glycemic control in individuals who
lost more than 3% of their body weight after 16 weeks of follow-up, indicating that our approach has advantages in terms
of weight management and blood glucose control.

Inflammation and liver disease are common complications associated with T2DM. Chronic inflammation is
a hallmark feature of T2DM and plays a critical role in the pathogenesis and progression of the disease. This
inflammatory state is associated with elevated levels of proinflammatory cytokines, such as IL-6 and CRP, which
contribute to insulin resistance and impaired glucose metabolism.>® Additionally, patients with T2DM have a greater
risk of developing liver diseases, including nonalcoholic fatty liver disease and nonalcoholic steatohepatitis.*® These
conditions are characterized by the accumulation of fat in the liver, which can lead to inflammation, fibrosis, and liver
dysfunction. Potential mechanisms linking T2DM with liver disease include insulin resistance, dyslipidemia, oxidative
stress, and adipose tissue inflammation.* >

In this study, the therapeutic combination of pioglitazone/metformin FDC with dapagliflozin had beneficial effects on
inflammatory cytokines and liver enzymes. Previous studies that compared low-dose pioglitazone treatment with metformin
treatment in Japanese patients with diabetes and metabolic syndrome found that the pioglitazone group exhibited significant
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reductions in HbAlc and HOMA-IR, as well as significant decreases in TG, AST, ALT, and hs-CRP. The metformin group
showed significant decreases in HbAlc, HOMA-IR, BMI, and waist circumference.*’ If we combine previous clinical
research evidence with the results of this study, it suggests that the combination of pioglitazone/metformin FDC with
dapaglifiozin may have the potential to reduce inflammation and alleviate liver disease in patients with T2DM. This
favorable outcome effectively strengthens the advantage of the combination of the pioglitazone/metformin FDC with
dapaglifiozin in terms of comprehensively improving the overall health status of diabetic patients.

BGP, commonly known as osteocalcin, serves as a biomarker of bone formation and is occasionally associated with
bone metabolism.** T2DM is associated with an increased risk of bone-related complications, such as osteoporosis and
fractures.*> A cross-sectional study that included 250 patients with T2DM found an independent negative correlation
between glycemic excursions and bone turnover markers (type 1 collagen N-terminal propeptide and a C-terminal
telopeptide fragment of type I collagen).*® However, the relationship between T2DM and bone health is complex,
multifaceted, and influenced by numerous factors, including age, obesity, insulin resistance, and medications used to
control diabetes, which may all affect bone metabolism in patients with T2DM.*’ Some studies have also suggested
a potential association between TZDs and osteoporosis.*®*’ This study found that there were no significant changes in
BGP levels within each group or between groups after 16 weeks of treatment. This may be due to the specific population
studied, the treatment regimens administered, and the duration of observation. Additionally, bone metabolism is
influenced by various factors, such as age, gender, diet, and physical activity, which need to be considered comprehen-
sively. Further research is crucial to validate these findings and clarify the long-term effects and safety of the pioglitazone
and metformin FDC combined with dapagliflozin on bone health.

The main limitation of the study is its relatively small sample, which may not be fully representative of the broader
population of patients with T2DM. Second, the study did not strictly monitor the calorie intake and exercise of the
enrolled patients, which may have had some impact on the results. Additionally, the proportion of female patients is
higher in the test group, which, although not statistically significant, may impact the overall weight loss results due to the
difference in fat mass between genders. Therefore, the more significant weight loss observed in the test group should be
interpreted with caution, which may be more valuable for female patients with higher BMI. Further research is needed to
confirm the findings, and we will perform a more appropriate group matching or controlling for these factors.

Conclusions

The combination of pioglitazone/metformin FDC with dapagliflozin therapy could be an effective means of managing
T2DM in patients with poor glycemic control and a favorable alternative to basal insulin supplemented with metformin
therapy in the absence of contraindications. However, additional research is needed to further elucidate the mechanisms
and long-term effects of this treatment combination, particularly regarding weight loss parameters.
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T2DM, type 2 diabetes mellitus; FDC, fixed-dose combination; AEs, adverse events; CVD, cardiovascular disease; TZD,
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blood glucose; BNP, brain natriuretic peptide; BGP, bone Gla-protein; Homa-IR, homeostatic model assessment of
insulin resistance; Homa-islet, homeostatic model assessment of beta-cell function; DBP, diastolic blood pressure; SBP,
systolic blood pressure; TG, triglycerides; TC, total cholesterol; FFA, free fatty acids; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; CRP, C-reactive protein; IL-, interleukin-6; BMI, body mass
index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Echo, echocardiogram; CI, confidence interval.
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