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Abstract 

Background:  The current study was to evaluate the effects of canagliflozin and metformin on insulin resistance and 
visceral adipose tissue in people with newly-diagnosed type 2 diabetes.

Methods:  This is an open-label, parallel and controlled study. Participants were divided into canagliflozin (100 mg/
qd) or metformin (1000 mg/bid) groups. At baseline and after 12 weeks’ therapy, insulin resistance [Homeostatic 
Model Assessment of Insulin Resistance (HOMA-IR)], subcutaneous and visceral adipose tissue, fasting blood glu-
cose (FBG), glycated hemoglobin A1c (HbA1c), C-reactive protein (CRP) and nitric oxide (NO) were evaluated and 
compared.

Results:  There was no significant between-group difference in baseline characteristics. After 12 weeks’ therapy, in 
canagliflozin group (n = 67), compared to baseline, FBG, HbA1c and HOMA-IR were decreased, accompanying with 
reduction of visceral adipose tissue. Compared to metformin group (n = 73), FBG, HbA1c and HOMA-IR were lower in 
canagliflozin group, accompanying with less visceral adipose tissue and lower serum CRP level and higher NO level. 
After multivariable regression analysis, age, visceral adipose tissue and CRP remained associated with increased insulin 
resistance, while canagliflozin treatment and higher NO level were associated with reduced insulin resistance. Body 
mass index, waist/hip ratio, CRP and HOMA-IR remained associated with increased visceral adipose tissue, while cana-
gliflozin treatment and higher NO level were associated with reduced visceral adipose tissue. There was no difference 
in adverse event between these two groups.

Conclusion:  Canagliflozin reduces visceral adipose tissue and improves blood glucose, insulin resistance and sys-
temic inflammation in people with newly-diagnosed type 2 diabetes.
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Background
Diabetes mellitus is a well-documented risk factor for 
cardiovascular and renal diseases [1–3]. In the recent 
decade, several clinical trials have demonstrated that 
sodium-glucose cotransporter-2 inhibitors (SGLT2i) have 
favorable effects on reducing cardiovascular and renal 

events in people with diabetes [4–7]. Although several 
theories have been proposed to explain these benefits 
[8, 9], the underlying mechanisms remain undetermined 
which deserves further elucidation [6, 9].

Among people with newly-diagnosed type 2 diabetes, 
results of our prior study indicated that 12 weeks’ dapa-
gliflozin therapy was associated with significant improve-
ment in insulin resistance and blood glucose, which 
might be partly attributed to the amelioration of systemic 
inflammation [10]. Abdominal obesity is associated with 
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insulin resistance and chronic inflammation [11, 12] 
and is also highly prevalent in people with diabetes [13, 
14]. Whether the benefit of SGLT2i on improving insu-
lin resistance and blood glucose is related to the reduc-
tion of abdominal adipose tissue is unknown. Our prior 
study suggested that compared to baseline, the waist/
hip ratio, a marker of abdominal obesity, was reduced 
after 12 weeks’ dapagliflozin therapy [10]. However, it 
was unknown whether the reduction of waist/hip ratio 
was due to decrease in subcutaneous or visceral adi-
pose tissue. Prior studies have shown that compared to 
subcutaneous adipose tissue, visceral adipose tissue is 
more relevant to metabolic disorder, chronic inflamma-
tion and insulin resistance [15–18]. Therefore, assess-
ing the changes of visceral adipose tissue with SLGT2i 
therapy is important for better understanding the mecha-
nisms underlying the cardiac benefits of SLGT2i therapy. 
Importantly, prior studies showed that SGLT2i seemed 
to be useful in reducing visceral adipose tissue in peo-
ple with type 2 diabetes [19, 20]. Nevertheless, there are 
racial/ethnic-differences in body composition as well as 
lifestyle and dietary pattern [21–25], and it is needed to 
evaluate the association between SGLT2i therapy and 
visceral adipose tissue changes in China’s populations 
with diabetes, given the high consumption of high-carbo-
hydrate food in China.

Herein, we performed an open-label, parallel and 
controlled study to evaluate the effects of canagliflozin 
therapy on body composition, glucose control, insu-
lin resistance and systemic inflammation in people with 
newly-diagnosed type 2 diabetes.

Methods
Study design and participant enrollment
The current study was approved by the Institutional 
Review Board of the Third People’s Hospital of Huizhou 
and written informed consent was obtained before par-
ticipants’ enrollment. This is an open-label, parallel and 
controlled study. All the experiment was conducted 
according to the Helsinki Declaration. Included cri-
teria were as follow: ≥ 18 years old; newly-diagnosed 
type 2 diabetes in the last 6 months; only treated with 
metformin in the last 3 months and with a stable dose 
(500 mg/bid) in the last month; fasting blood glucose 
(FBG) ≥ 7 mmol/L or 2 h postprandial blood glucose 
≥10.0 mmol/L for at least 2 times in the last 2 weeks, 
or glycated hemoglobin A1c (HbA1c) ≥ 7.5% in the last 
3 months. Excluded criteria were as follow: type 1 diabe-
tes, estimated glomerular filtration rate (eGFR) < 60 ml/
min/1.73m2, baseline alanine transaminase (ALT) or 
aspartate transaminase (AST) level ≥ 3-fold of upper nor-
mal limit, pregnant or nursing women, acute coronary 
syndrome, congestive heart failure, ischemic stroke or 

cerebrovascular hemorrhage in the last 6 months, malig-
nancy disease, systemic rheumatic disease or treated with 
glucocorticoid or anti-inflammatory drugs. Based on the 
last digit number of their telephone number, participant 
was divided into the active group (canagliflozin 100 mg/
qd) with odd number or into the control group (met-
formin 1000 mg/bid) with even number (Fig. 1).

Data collection
Standardized questionnaire was used to collect data 
on demographics (age and gender). Measurements of 
anthropometrics (weight, height, and waist and hip cir-
cumference) were performed by trained staff using stand-
ardized protocol. Obesity was defined as body mass 
index (BMI) ≥ 28 kg/m2 [26], and waist/hip ratio > 0.85 
in women and > 0.90 in men was defined as abdominal 
obesity [27]. Subcutaneous and visceral adipose tissue 
were determined using computed tomography cross-
sectional images of the abdomen at the umbilicus level. 
In brief, contiguous slices centered on the umbilicus level 
were obtained for quantifying the volume of subcutane-
ous and visceral adipose tissue. We traced the abdomi-
nal muscular wall manually. The fat volumes in different 
compartments were determined using semiautomatic 
segmentation technique, and the volume of subcutaneous 
and visceral adipose was calculated separately using the 
Slim Vision (CYBERNET SYSTEMS CO., LTD., Tokyo, 
Japan). The abdominal computed tomography images 
were carried out by an experienced radiologist, who was 
blinded to the clinical characteristics and group sign-
ing of the participants. Comorbid conditions, including 
cigarette smoking, hypertension, dyslipidemia, prevalent 
cardiovascular disease (CVD), and current medication 
used were collected by two independent investigators 
using standardized questionnaire. In brief, the status of 
physical activity was determined if the people who had 
regular physical exercise (such as jogging or running) at 
least 30 min/day for 5 days per week in the last month 
[28]. Otherwise, the people were considered as physical 
inactivity.

Laboratory examination
At baseline and after 12 weeks’ treatment, fasting venous 
blood were drawn for laboratory examination. In brief, 
FBG, HbA1c, serum levels of creatinine, ALT and AST, 
insulin, C-reactive protein (CRP) and nitric oxide (NO) 
were measured in the core lab of our hospital using the 
standardized method as our prior report [10]. Homeo-
static Model Assessment of Insulin Resistance (HOMA-
IR) was calculated as fasting insulin (mIU/mL) * fasting 
glucose (mmol/L) / 405 as described previously [29].
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Adverse events
Adverse events related to therapy included rash and 
allergy, hypoglycemia, diarrhea, abdominal pain, liver 
function impairment, urinary tract infection, lactic aci-
dosis and diabetic ketoacidosis. All participants were 
informed the potential adverse events before enrollment 
and were asked to return to the clinic to confirm the 
potential adverse events. All these adverse events were 
adjudicated by two independent physicians.

Statistical analysis
Based on our prior results [10], 70 participants in each 
group would have 90% statistical power to detect the 
between-group difference in FBG, HOMA-IR and CRP, 
with a two-sided P-value < 0.05. Therefore, we planned to 
enroll 140 participants for the current study. Continuous 
variables were presented as mean ± standard deviation 
(SD) and compared by the student t test; and categori-
cal variables were presented by number (proportion) and 
compared by the chi-square or Fisher exact test. Univari-
ate regression analysis was performed to evaluate factors 
associated with increased insulin resistance and visceral 
adipose tissue, and factors with a P-value < 0.1 were 
entered into multivariable regression analysis. Odds ratio 
(OR) and 95% confidence interval (CI) was reported. All 
the statistical analysis was performed using SPSS 24.0 

(SPSS Inc., Chicago, IL). Two-sided P-value < 0.05 was 
considered statistically significant.

Results
From April to December of 2020, 142 people with newly 
diagnosed type 2 diabetes were enrolled, and 69 were in 
the active group and 73 were in the control group. The 
mean age of all participants was 56.2 ± 11.8 years, females 
accounted for 47.2% (n = 67), and the mean duration of 
diabetes was 5.3 ± 0.5 months.

Comparisons of baseline characteristics
The mean age in both groups were 57.3 ± 9.8 and 
56.0 ± 8.5 years, and females accounted for 47.8 and 
46.6%, respectively (Table 1). The mean duration of dia-
betes was 5.2 ± 0.6 and 5.3 ± 0.6 months, respectively. 
The prevalence of general obesity, abdominal obesity and 
comorbid conditions were similar between these two 
groups, as was the medications used at baseline.

Comparisons of selected parameter at baseline 
and at 12 weeks
At baseline, there were no between-group differences in 
the laboratory indices, BMI, waist/hip ratio, subcutane-
ous and visceral adipose tissue (Table 2). After 12 weeks, 
compared to baseline, FBG, HbA1c, HOMA-IR and 

Fig. 1  Study flowchart. eGFR, estimated glomerular filtration rate; ALT, alanine transaminase; AST, aspartate transaminase; CVD, cardiovascular 
disease; FBG, fasting blood glucose; PPG, post-prandial glucose; HbA1c, glycated hemoglobin A1c; SGLT2i, sodium glucose co-transporter 2 
inhibitor
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visceral adipose tissue were decreased, and systemic 
inflammation and endothelial function were improved 
in the active group. In addition, compared to the control 
group, FBG, HbA1c, HOMA-IR, visceral adipose tissue 
and serum CRP level were lower, and serum NO level 
was higher in the active group.

Factors associated with increased insulin resistance 
and visceral adipose tissue
In the univariate regression analysis (Table  3), factors 
associated with insulin resistance included age, BMI, 
waist/hip ratio, visceral adipose tissue, canagliflozin 
treatment, CRP and NO. After multivariable regression 
analysis, age, visceral adipose tissue, and CRP remained 
associated with increased insulin resistance, while cana-
gliflozin treatment and higher serum NO level was asso-
ciated with reduced insulin resistance.

After multivariable regression analysis, BMI, waist/
hip ratio, CRP and HOMA-IR remained associated with 
increased visceral adipose tissue, while canagliflozin 
treatment and higher serum NO level was associated 
with reduced visceral adipose tissue (Table 4).

Comparisons of adverse events
The overall rate of adverse events was low in both groups 
(8.7% vs 6.8%). There was no difference in individual 
adverse event between the active and control groups. 
Participants with canagliflozin treatment had a numeri-
cally higher rate of genital mycotic infection (Table  5), 
and all these cases occurred in female participants. There 
was no participant developed lactic acidosis or diabetic 
ketoacidosis in both groups.

Discussion
The current study was aimed to evaluate the effects of 
canagliflozin treatment on body composition and insulin 
resistance in people with newly-diagnosed type 2 diabe-
tes. There are three important findings. First, compared 
to metformin, canagliflozin therapy had a better improve-
ment in blood glucose. Second, canagliflozin therapy was 

Table 1  Comparisons of baseline characteristics

CVD cardiovascular disease

Variables Active group
(n = 69)

Control group
(n = 73)

Age (years) 57.3 ± 9.8 56.0 ± 8.5

Female, n (%) 33 (47.8) 34 (46.6)

General obesity, n (%) 39 (56.5) 40 (54.8)

Abdominal obesity, n (%) 30 (43.5) 32 (43.8)

Current smoking, n (%) 29 (42.0) 30 (41.1)

Duration of diabetes (months) 5.2 ± 0.6 5.3 ± 0.6

Physical inactivity, n (%) 47 (68.1) 48 (65.8)

Hypertension, n (%) 50 (72.4) 52 (71.2)

Dyslipidemia, n (%) 45 (65.2) 47 (64.4)

Prior CVD history, n (%) 10 (14.5) 8 (11.0)

Aspirin, n (%) 29 (42.0) 29 (39.7)

Statins, n (%) 27 (39.1) 26 (35.6)

Anti-hypertensive medications, n (%) 42 (60.9) 43 (58.9)

Table 2  Changes and comparisons of selected parameters 
(follow-up minus baseline)

FBG fasting blood glucose, HbA1c glycated hemoglobin A1c, HOMA-IR 
homeostatic model assessment of insulin resistance, BMI body mass index, ALT 
alanine transaminase, AST aspartate transaminase; Change = variable value at 
baseline minus that at 12 weeks; * P < 0.05 versus baseline in the active group; # 
P < 0.05 versus the active group at 12 weeks

Variables Baseline 12 weeks Change

FBG (mmol/L)

  Active group 7.7 ± 0.5 6.5 ± 0.5* −1.2 ± 0.4

  Control group 7.6 ± 0.6 7.3 ± 0.6# −0.3 ± 0.2

HbA1c (%)

  Active group 7.9 ± 0.4 7.1 ± 0.5* −0.8 ± 0.4

  Control group 8.0 ± 0.4 7.8 ± 0.6# −0.2 ± 0.2

HOMA-IR

  Active group 2.5 ± 0.4 1.7 ± 0.5* −0.8 ± 0.4

  Control group 2.4 ± 0.4 2.1 ± 0.4# −0.3 ± 0.2

BMI, kg/m2

  Active group 26.4 ± 5.0 25.9 ± 4.4 −0.5 ± 0.4

  Control group 26.3 ± 4.8 26.1 ± 4.1 −0.2 ± 0.1

Waist/hip ratio

  Active group 0.83 ± 0.11 0.80 ± 0.10 −0.03 ± 0.01

  Control group 0.84 ± 0.10 0.83 ± 0.12 −0.01 ± 0.01

Subcutaneous adipose tissue (cm2)

  Active group 206.7 ± 50.3 203.2 ± 47.1 −3.5 ± 1.0

  Control group 204.2 ± 48.8 201.8 ± 44.3 −2.4 ± 0.8

Visceral adipose tissue (cm2)

  Active group 154.6 ± 41.8 146.8 ± 40.4* −7.6 ± 2.3

  Control group 152.9 ± 39.2 150.3 ± 38.3# −2.6 ± 0.9

ALT (U/L)

  Active group 38 ± 12 35 ± 15 −3 ± 2

  Control group 36 ± 14 34 ± 14 −2 ± 2

AST (U/L)

  Active group 36 ± 13 33 ± 11 −3 ± 1

  Control group 37 ± 13 34 ± 12 −3 ± 2

Creatinine (μmol/L)

  Active group 1.1 ± 0.3 1.0 ± 0.4 −0.1 ± 0.1

  Control group 1.1 ± 0.4 1.0 ± 0.3 −0.1 ± 0.1

C-reactive protein (mg/L)

  Active group 5.8 ± 1.2 3.3 ± 0.8* −1.5 ± 0.6

  Control group 5.9 ± 1.1 4.6 ± 0.9# −1.3 ± 0.5

Nitric oxide (μmol/L)

  Active group 46.8 ± 9.6 52.4 ± 11.5* 5.6 ± 0.8

  Control group 45.4 ± 8.8 48.7 ± 9.6# 3.3 ± 0.6
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associated with insulin resistance improvement and vis-
ceral adipose tissue reduction. Third, the rates of adverse 
event were similar between these two groups.

Several large randomized clinical trials have demon-
strated that SGLT2i therapy is beneficial for reducing 
cardiovascular and renal events in people with diabetes 
[4–7]. However, the underlying mechanisms are not fully 

understood. Improvement in insulin resistance, ame-
lioration of systemic inflammation and improvement in 
endothelial function have been proposed to explain the 
benefits of SGLT2i therapy [3, 30, 31]. Abdominal obe-
sity is associated with cardiometabolic disorders, sys-
temic inflammation and endothelial dysfunction [17, 
32–34]. Therefore, to elucidate whether SGLT2i therapy 

Table 3  Factors associated with increased insulin resistance

OR odds ratio, CI confidence interval, BMI body mass index, CVD cardiovascular disease, CRP C-reactive protein, N/A no applicable

OR and 95% CI OR and 95% CI
Univariate analysis P value Multivariable analysis P value

Age (per 10 years increase) 1.26 (1.14–1.51) < 0.001 1.09 (1.02–1.26) 0.04

Gender (female vs male) 1.08 (0.96–1.22) 0.25 N/A

BMI (per 5 kg/m2 increase) 1.23 (1.11–1.36) < 0.001 1.05 (0.91–1.13) 0.19

Waist/hip ratio (per 0.1 increase) 1.36 (1.24–1.58) < 0.001 1.17 (0.98–1.26) 0.08

Subcutaneous adipose tissue (per 5 cm2 increase) 1.08 (0.96–1.23) 0.08 1.02 (0.90–1.17) 0.26

Visceral adipose tissue (per 5 cm2 increase) 1.50 (1.39–1.82) < 0.001 1.26 (1.11–1.63) 0.008

Smoking (yes vs no) 1.06 (0.87–1.10) 0.39 N/A

Physical inactivity (yes vs no) 1.12 (1.03–1.25) 0.03 1.04 (0.90–1.09) 0.35

Hypertension (yes vs no) 1.05 (0.92–1.14) 0.34 N/A

Dyslipidemia (yes vs no) 1.13 (0.95–1.30) 0.09 1.05 (0.89–1.07) 0.41

Prior CVD history (yes vs no) 1.05 (0.86–1.05) 0.42 N/A

Statin (yes vs no) 0.90 (0.82–1.03) 0.11 N/A

Canagliflozin vs Metformin 0.83 (0.72–0.90) 0.009 0.90 (0.83–0.97) 0.02

CRP (per 1 mg/L increase) 1.21 (1.09–1.47) < 0.001 1.08 (1.01–1.25) 0.04

NO (per 5 μmol/L increase) 0.80 (0.67–0.91) < 0.001 0.85 (0.74–0.97) 0.01

Table 4  Factors associated with increased visceral adipose tissue

OR odds ratio, CI confidence interval, BMI body mass index, CVD cardiovascular disease, CRP C-reactive protein, HOMA-IR homeostatic model assessment of insulin 
resistance, N/A no applicable

OR and 95% CI OR and 95% CI
Univariate analysis P value Multivariable analysis P value

Age (per 10 years increase) 1.11 (10.1–1.20) 0.04 1.04 (0.92–1.13) 0.28

Gender (female vs male) 0.93 (0.88–1.04) 0.15 N/A

BMI (per 5 kg/m2 increase) 1.20 (1.05–1.36) 0.02 1.13 (1.02–1.27) 0.04

Waist/hip ratio (per 0.1 increase) 1.33 (1.21–1.54) < 0.001 1.25 (1.11–1.46) 0.007

Subcutaneous adipose tissue (per 5 cm2 
increase)

1.26 (1.17–1.42) < 0.001 1.08 (0.99–1.20) 0.06

Smoking (yes vs no) 1.05 (0.92–1.10) 0.43 N/A

Physical inactivity (yes vs no) 1.17 (1.06–1.32) 0.03 1.06 (0.95–1.10) 0.37

Hypertension (yes vs no) 1.04 (0.95–1.16) 0.55 N/A

Dyslipidemia (yes vs no) 1.15 (1.04–1.32) 0.04 1.05 (0.96–1.14) 0.10

Prior CVD history (yes vs no) 1.06 (0.90–1.13) 0.31 N/A

Statin (yes vs no) 0.92 (0.85–1.01) 0.07 0.94 (0.88–1.05) 0.19

Canagliflozin vs Metformin 0.86 (0.79–0.91) 0.008 0.90 (0.84–0.98) 0.04

CRP (per 1 mg/L increase) 1.27 (1.10–1.52) < 0.001 1.10 (1.01–1.23) 0.03

NO (per 5 μmol/L increase) 0.78 (0.66–0.89) < 0.001 0.83 (0.76–0.94) 0.01

HOMA-IR (per 0.5 increase) 1.40 (1.28–1.85) < 0.001 1.29 (1.17–1.60) 0.004
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is associated with visceral adipose tissue reduction is 
important to further understand the cardio-renal ben-
efits of SGLT2i therapy.

Results of our prior study suggests that after 12 weeks’ 
dapagliflozin therapy, there was no significant change 
in the waist/hip ratio when compared to baseline [10]. 
Waist/hip ratio is a marker of abdominal obesity while 
it cannot differentiate between subcutaneous and vis-
ceral adipose tissue [11, 35–37]. Compared to subcuta-
neous adipose tissue, visceral adipose tissue was more 
atherogenic and more relevant to cardiometabolic 
disorder [11, 35–37]. Accordingly, we compared the 
changes of subcutaneous and visceral adipose tissue 
after 12 weeks’ canagliflozin therapy. Consistent with 
our prior report [10], there was no significant change 
in waist/hip ratio between baseline and after 12 weeks’ 
therapy. Nevertheless, there was significant change in 
visceral adipose tissue when compared to baseline. In 
addition, when compared to the control group, the vol-
ume of visceral adipose tissue was also lower. Compared 
to baseline, FBG, HbA1c, HOMA-IR, CRP and NO 
were all improved after 12 weeks’ canagliflozin ther-
apy. Notably, NO is a marker of endothelial function, 
and the improvement in NO suggests that canagliflozin 
had beneficial effect on improving endothelial func-
tion, which might be partially ascribed to the improve-
ment in insulin resistance. In addition, improvement 
in endothelial function could also be an indicator of 
improvement in diabetes mellitus, which is an impor-
tant determinant of endothelial function. Compared 
to the control group, these improvements were greater 
in the canagliflozin group. After adjusting for multiple 
covariates, canagliflozin therapy was associated with 
visceral adipose tissue reduction. Importantly, prior 
studies also suggest that on top of sitagliptin, ipragli-
flozin therapy had greater effects on reducing visceral 
fat reduction and improving metabolic dysfunction 

when compared to metformin [38, 39]. Both prior and 
our current results demonstrate that regardless of the 
background antidiabetic therapy, SGLT2i appeared to 
be better than metformin in reducing visceral adipose 
tissue. While there was no significant change in subcu-
taneous adipose tissue, which was different from prior 
report [19]. These differences might be due to ethnic 
differences in body composition, lifestyle or diet pat-
tern, specific SGLT2i used, and duration of SGLT2i 
used. Notwithstanding, our current findings suggest 
that the beneficial effects of canagliflozin therapy might 
be ascribed to the reduction of visceral adipose tissue 
rather than subcutaneous adipose tissue. Further stud-
ies are needed to corroborate the current findings and 
illustrate the mechanisms underlying the differential 
effects of canagliflozin on subcutaneous and visceral 
adipose tissue.

We further evaluated the relationship between cana-
gliflozin therapy and insulin resistance. Similar to dapa-
gliflozin therapy, canagliflozin therapy was associated 
with improvement in insulin resistance, which might 
be attributed to the reduction of visceral adipose tissue. 
There was no significant relationship between subcu-
taneous adipose tissue and insulin resistance, further 
supporting the importance of visceral adipose tissue in 
the development of insulin resistance [11, 40]. In addi-
tion, these results also indirectly indicate that visceral 
adipose tissue might be the therapeutic target of cana-
gliflozin therapy. Further studies are needed to corrob-
orate the current findings. Considering the substantial 
cardiovascular and renal benefits of SGLT2i therapy, it 
has been discussed that whether SLGT2i can be used 
as the first-line therapy for people with type 2 diabe-
tes [41]. The 2020 China Diabetes Society Guideline 
still recommends metformin as the first-line therapy for 
people with diabetes in the context of without preva-
lent cardiovascular and renal disease [42]. Results of 

Table 5  Comparisons of adverse events

N/A no applicable

Active group
(n = 69)

Control group
(n = 73)

P-value

Rash/allergy, n (%) 1 (1.4) 0 0.89

Hypoglycemia, n (%) 1 (1.4) 1 (1.4) 0.72

Diarrhea, n (%) 0 2 (2.7) 0.93

Abdominal pain, n (%) 1 (1.4) 1 (1.4) 0.99

Liver function impairment, n (%) 0 0 N/A

Genital mycotic infection, n (%) 3 (4.3) 1 (1.4) 0.15

Lactic acidosis, n (%) 0 0 N/A

Diabetic ketoacidosis, n (%) 0 0 N/A

Overall, n (%) 6 (8.7) 5 (6.8) 0.50
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the current study suggested that SGLT2i, such as cana-
gliflozin, might be used as the first-line therapy due to 
its better performance in improving insulin resistance 
and blood glucose.

After 12 weeks’ therapy, there was no significant differ-
ence in the rate of adverse events between the canagliflo-
zin and metformin groups, supporting the safety profile 
of canagliflozin therapy. In addition, it also suggests that 
in people with newly-diagnosed type 2 diabetes, SGLT2i 
therapy might confer additional benefits for the manage-
ment of diabetes and cardiometabolic disorders.

Limitations
There are some limitations of the current study. First, this 
was a single center and open-label study. Therefore, no 
causal relationship could be drawn, and potential selec-
tion bias might exist due to the non-randomized design. 
Second, participants recruited in the current study were 
newly-diagnosed type 2 diabetes and whether these find-
ings can be extrapolated to individuals with longstanding 
diabetes is unknown. Third, this was a short-term study 
and whether the beneficial effects of canagliflozin ther-
apy can be extended to long-term follow-up is unknown. 
Further studies with long-term follow-up are needed. 
Fourth, all participants in the current study are Chinese 
and considering the ethnic differences in body composi-
tion, whether these findings can be extrapolated to other 
ethnic groups were unknown. Fifth, it is well documented 
that physical activity is important for insulin resistance 
improvement. Nevertheless, in the current study, we did 
not capture detailed information on physical activity, 
which prohibited us to obtain better insight on the effects 
of physical activity on insulin resistance in people with 
diabetes. Further studies are needed to better understand 
whether physical activity and canagliflozin therapy could 
have additive effects on insulin resistance. Sixth, the cur-
rent study used the last digit number of telephone to 
simulate randomized assignment which could not rep-
resent truly randomization. Further randomized clinical 
trials are needed to confirm our preliminary results. Last 
but not the least, the dose of metformin used in the cur-
rent study was 1000 mg/bid which might be insufficient 
to control blood glucose. Further studies are needed to 
assess whether high dose of metformin could provide 
comparable effect on glucose control when compared to 
canagliflozin.

Conclusion
In conclusion, the current study shows that compared 
to metformin therapy, canagliflozin therapy reduces vis-
ceral adipose tissue, and improves blood glucose, insu-
lin resistance and systemic inflammation in people with 
newly-diagnosed type 2 diabetes.

Abbreviations
HOMA-IR: Homeostatic Model Assessment of Insulin Resistance; FBG: Fasting 
blood glucose; HbA1c: Glycated hemoglobin A1c; CRP: C-reactive protein; 
NO: Nitric oxide; SGLT2i: Sodium-glucose cotransporter-2 inhibitors; eGFR: 
Estimated glomerular filtration rate; ALT: Alanine transaminase; AST: Aspartate 
transaminase; BMI: Body mass index; SD: Standard deviation; OR: Odds ratio; CI: 
Confidence interval.

Acknowledgements
We appreciate very much for all the healthcare staff and our participants.

Authors’ contributions
ZRH and YL conceived the study, participated in the design and drafted the 
manuscript; ZRH performed the statistical analyses; ZRH, YS, GPL, YLS, and YZW 
collected the data. All authors read and approved the final manuscript.

Funding
The current study was supported by the Technology Project of Huizhou City 
(200410094570580).

Availability of data and materials
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The current study was approved by the Institution Review Board of the Third 
People’s Hospital of Huizhou and written informed consent was obtained 
before participants’ enrollment. This is an open-label, parallel and con-
trolled study. All the experiment was conducted according to the Helsinki 
Declaration.

Consent for publication
Not Applicable.

Competing interests
None.

Author details
1 Department of Endocrinology, the Third People’s Hospital of Huizhou, Affili-
ated Huizhou Hospital of Guangzhou Medical University, Huizhou 516000, 
China. 2 Department of Cardiology, The First People’s Hospital of Huizhou, 
Huizhou 516003, China. 

Received: 20 July 2021   Accepted: 18 January 2022

References
	1.	 Mayer-Davis EJ, Lawrence JM, Dabelea D, et al. Incidence trends of 

type 1 and type 2 diabetes among youths, 2002-2012. N Engl J Med. 
2017;376(15):1419–29.

	2.	 Yang W, Lu J, Weng J, et al. Prevalence of diabetes among men and 
women in China. N Engl J Med. 2010;362(12):1090–101.

	3.	 Buse JB, Wexler DJ, Tsapas A, et al. 2019 update to: Management of 
Hyperglycemia in type 2 diabetes, 2018. A consensus report by the 
American Diabetes Association (ADA) and the European Association for 
the Study of diabetes (EASD). Diabetes Care. 2020;43(2):487–93.

	4.	 Packer M, Anker SD, Butler J, et al. Effect of Empagliflozin on the Clinical 
Stability of Patients with Heart Failure and a Reduced Ejection Fraction: 
The EMPEROR-Reduced Trial. Circulation. 2021;143(4):326–36.

	5.	 Santos-Gallego CG, Vargas-Delgado AP, Requena JA, et al. Randomized 
Trial of Empagliflozin in Non-Diabetic Patients with Heart Failure and 
Reduced Ejection Fraction. Journal of the American College of Cardiol-
ogy. J Am Coll Cardiol. 2021 26;77(3):243–55.

	6.	 Packer M, Butler J, Filippatos GS, et al. Evaluation of the effect of sodium-
glucose co-transporter 2 inhibition with empagliflozin on morbidity and 
mortality of patients with chronic heart failure and a reduced ejection 



Page 8 of 8Hao et al. BMC Endocrine Disorders           (2022) 22:37 

fraction: rationale for and design of the EMPEROR-reduced trial. Eur J 
Heart Fail. 2019;21(10):1270–8.

	7.	 Packer M, Anker SD, Butler J, et al. Cardiovascular and Renal Outcomes 
with Empagliflozin in Heart Failure. New England journal of medicine. N 
Engl J Med. 2020;383(15):1413–424.

	8.	 Cowie MR, Fisher M. SGLT2 inhibitors: mechanisms of cardiovascular 
benefit beyond glycaemic control. Nat Rev Cardiol. 2020;17(12):761–72.

	9.	 Lam CSP, Chandramouli C, Ahooja V, Verma S. SGLT-2 inhibitors in heart 
failure: current management, unmet needs, and therapeutic prospects. J 
Am Heart Assoc. 2019;8(20):e013389.

	10.	 Sun Y, Yan D, Hao Z, Cui L, Li G. Effects of Dapagliflozin and Sitagliptin 
on insulin resistant and body fat distribution in newly diagnosed type 2 
diabetic patients. Med Sci Monit. 2020;26:e921891.

	11.	 Powell-Wiley TM, Poirier P, Burke LE, et al. Obesity and cardiovascular 
disease: a scientific statement from the American Heart Association. 
Circulation. 2021;143(21):e984–e1010.

	12.	 Ortega FB, Lavie CJ, Blair SN. Obesity and cardiovascular disease. Circ Res. 
2016;118(11):1752–70.

	13.	 Després JP, Lemieux I, Bergeron J, et al. Abdominal obesity and the meta-
bolic syndrome: contribution to global cardiometabolic risk. Arterioscler 
Thromb Vasc Biol. 2008;28(6):1039–49.

	14.	 Ma S, Xi B, Yang L, Sun J, Zhao M, Bovet P. Trends in the prevalence of 
overweight, obesity, and abdominal obesity among Chinese adults 
between 1993 and 2015. Int J Obes. 2021;45(2):427–37.

	15.	 Ibrahim MM. Subcutaneous and visceral adipose tissue: structural and 
functional differences. Obes Rev. 2010;11(1):11–8.

	16.	 Canepa M, Strait JB, Milaneschi Y, et al. The relationship between 
visceral adiposity and left ventricular diastolic function: results from 
the Baltimore longitudinal study of aging. Nutr Metab Cardiovasc Dis. 
2013;23(12):1263–70.

	17.	 Cho DH, Kim MN, Joo HJ, Shim WJ, Lim DS, Park SM. Visceral obesity, but 
not central obesity, is associated with cardiac remodeling in subjects 
with suspected metabolic syndrome. Nutr Metab Cardiovasc Dis. 
2019;29(4):360–6.

	18.	 Fox CS, Massaro JM, Hoffmann U, et al. Abdominal visceral and subcu-
taneous adipose tissue compartments: association with metabolic risk 
factors in the Framingham heart study. Circulation. 2007;116(1):39–48.

	19.	 Tosaki T, Kamiya H, Himeno T, et al. Sodium-glucose co-transporter 2 
inhibitors reduce the abdominal visceral fat area and may influence the 
renal function in patients with type 2 diabetes. Intern Med (Tokyo, Japan). 
2017;56(6):597–604.

	20.	 Yamamoto C, Miyoshi H, Ono K, et al. Ipragliflozin effectively reduced 
visceral fat in Japanese patients with type 2 diabetes under adequate 
diet therapy. Endocr J. 2016;63(6):589–96.

	21.	 Rush EC, Freitas I, Plank LD. Body size, body composition and fat distribu-
tion: comparative analysis of European, Maori, Pacific Island and Asian 
Indian adults. Br J Nutr. 2009;102(4):632–41.

	22.	 Haldar S, Chia SC, Henry CJ. Body composition in Asians and Caucasians: 
comparative analyses and influences on Cardiometabolic outcomes. Adv 
Food Nutr Res. 2015;75:97–154.

	23.	 Wulan SN, Westerterp KR, Plasqui G. Ethnic differences in body composi-
tion and the associated metabolic profile: a comparative study between 
Asians and Caucasians. Maturitas. 2010;65(4):315–9.

	24.	 Heymsfield SB, Peterson CM, Thomas DM, Heo M, Schuna JM Jr. Why are 
there race/ethnic differences in adult body mass index-adiposity relation-
ships? A quantitative critical review. Obes Rev. 2016;17(3):262–75.

	25.	 Wang D, Li Y, Lee SG, et al. Ethnic differences in body composition and 
obesity related risk factors: study in Chinese and white males living in 
China. PLoS One. 2011;6(5):e19835.

	26.	 Appropriate body-mass index for Asian populations and its implica-
tions for policy and intervention strategies. Lancet (London, England). 
2004;363(9403):157–63.

	27.	 Nishida C, Ko GT, Kumanyika S. Body fat distribution and noncom-
municable diseases in populations: overview of the 2008 WHO expert 
consultation on waist circumference and waist-hip ratio. Eur J Clin Nutr. 
2010;64(1):2–5.

	28.	 Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA guideline 
on the primary prevention of cardiovascular disease: a report of the 
American College of Cardiology/American Heart Association task force 
on clinical practice guidelines. Circulation. 2019;140(11):e596–646.

	29.	 Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 
Homeostasis model assessment: insulin resistance and beta-cell function 
from fasting plasma glucose and insulin concentrations in man. Diabeto-
logia. 1985;28(7):412–9.

	30.	 Wilcox T, De Block C, Schwartzbard AZ, Newman JD. Diabetic agents, 
from metformin to SGLT2 inhibitors and GLP1 receptor agonists: JACC 
focus seminar. J Am Coll Cardiol. 2020;75(16):1956–74.

	31.	 Zelniker TA, Wiviott SD, Raz I, et al. SGLT2 inhibitors for primary and 
secondary prevention of cardiovascular and renal outcomes in type 2 
diabetes: a systematic review and meta-analysis of cardiovascular out-
come trials. Lancet (London, England). 2019;393(10166):31–9.

	32.	 Sorimachi H, Obokata M, Takahashi N, et al. Pathophysiologic importance 
of visceral adipose tissue in women with heart failure and preserved ejec-
tion fraction. Eur Heart J. 2021;42(16):1595–1605.

	33.	 van Hout MJP, Dekkers IA, Westenberg JJM, Schalij MJ, Scholte A, Lamb 
HJ. The impact of visceral and general obesity on vascular and left 
ventricular function and geometry: a cross-sectional magnetic resonance 
imaging study of the UK biobank. Eur Heart J Cardiovasc Imaging. 
2020;21(3):273–81.

	34.	 Abbasi SA, Hundley WG, Bluemke DA, et al. Visceral adiposity and left 
ventricular remodeling: the multi-ethnic study of atherosclerosis. Nutr 
Metab Cardiovasc Dis. 2015;25(7):667–76.

	35.	 Campbell DJ, Gong FF, Jelinek MV, et al. Threshold body mass index and 
sex-specific waist circumference for increased risk of heart failure with 
preserved ejection fraction. Eur J Prev Cardiol. 2019;26(15):1594–602.

	36.	 Ashwell M, Gunn P, Gibson S. Waist-to-height ratio is a better screening 
tool than waist circumference and BMI for adult cardiometabolic risk fac-
tors: systematic review and meta-analysis. Obes Rev. 2012;13(3):275–86.

	37.	 Choi D, Choi S, Son JS, Oh SW, Park SM. Impact of discrepancies in general 
and abdominal obesity on major adverse cardiac events. J Am Heart 
Assoc. 2019;8(18):e013471.

	38.	 Koshizaka M, Ishikawa K, Ishibashi R, et al. Comparing the effects of 
ipragliflozin versus metformin on visceral fat reduction and metabolic 
dysfunction in Japanese patients with type 2 diabetes treated with 
sitagliptin: a prospective, multicentre, open-label, blinded-endpoint, 
randomized controlled study (PRIME-V study). Diabetes Obes Metab. 
2019;21(8):1990–5.

	39.	 Koshizaka M, Ishikawa K, Ishibashi R, et al. Comparison of visceral fat 
reduction by Ipragliflozin and metformin in elderly type 2 diabetes 
patients: sub-analysis of a randomized-controlled study. Diabetes Ther. 
2021;12(1):183–96.

	40.	 Mouton AJ, Li X, Hall ME, Hall JE. Obesity, hypertension, and cardiac dys-
function: novel roles of Immunometabolism in macrophage activation 
and inflammation. Circ Res. 2020;126(6):789–806.

	41.	 Koufakis T, Papazafiropoulou A, Makrilakis K, Kotsa K. Sodium-glucose 
co-transporter 2 inhibitors versus metformin as the first-line treatment 
for type 2 diabetes: is it time for a revolution? Cardiovasc Drugs Ther. 
2021. https://​doi.​org/​10.​1007/​s10557-​021-​07249-0.

	42.	 Chinese Diabetes Society. Guideline for the prevention and treatment of 
type 2 diabetes mellitus in China (2020 edition). Chin J Diabetes Mellitus. 
2021;13(4):315–409.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s10557-021-07249-0

	Effects of canagliflozin and metformin on insulin resistance and visceral adipose tissue in people with newly-diagnosed type 2 diabetes
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design and participant enrollment
	Data collection
	Laboratory examination
	Adverse events
	Statistical analysis

	Results
	Comparisons of baseline characteristics
	Comparisons of selected parameter at baseline and at 12 weeks
	Factors associated with increased insulin resistance and visceral adipose tissue
	Comparisons of adverse events

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


