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Effect of Sodium-Glucose Cotransporter 2 Inhibitors 
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Background: We aimed to evaluate the efficacy of sodium-glucose cotransporter 2 (SGLT2) inhibitors for man-
aging obesity in non-diabetic overweight or obese patients.
Methods: For purposes of this study, PubMed, Embase, Web of Science, and the Cochrane Central Register of 
Controlled Trials were searched through May 2021. Randomized controlled trials published in English that com-
pared SGLT2 inhibitors with placebo in overweight and obese patients without diabetes were included in the 
primary analysis. The random effects standardized mean difference ±95% confidence interval (95% CI) was cal-
culated as the effect size.
Results: Five randomized controlled trials were included to evaluate body weight change, four trials to assess 
body mass index (BMI), and three trials to assess waist circumference were included. Results showed that the 
mean body weight loss on SGLT2 inhibitors in obese patients without diabetes was −1.62 kg (95% CI, −2.38 to 
−0.85 kg) when compared with placebo. Treatment with SGLT2 inhibitors was also associated with a greater re-
duction in BMI than placebo (weighted mean difference, −0.47 kg/m2; 95% CI, −0.62 to −0.31 kg/m2). The mean 
reduction in waist circumference with SGLT2 inhibitors versus placebo was 1.29 cm (95% CI, −2.62 to 0.04 cm), 
which was not statistically significant. There were no significant changes in fat mass, blood pressure, low-density 
lipoprotein cholesterol or high-density lipoprotein cholesterol with SGLT2 inhibitor treatment.
Conclusion: A meta-analysis demonstrated that although the weight lowering effect was mild, SGLT2 inhibi-
tors significantly reduced body weight in obese patients without diabetes.
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INTRODUCTION

Obesity is a worldwide health concern that has become epidem-
ic in recent decades. Over a third of individuals worldwide were 
classified as overweight or obese in 2016, with obesity incidence 
exceeding 50% in certain countries.1-3 From 2009 through 2018 the 
prevalence of obesity in the entire population in Korea grew, with 

the prevalence reaching 35.7% in 2018.1 Obesity and overweight 
are associated with significantly increased risk of developing a vari-
ety of cardiometabolic diseases, including type 2 diabetes (T2D), 
hypertension, dyslipidemia, heart disease, and several kinds of can-
cer.4-6 Additionally, obesity is associated with a variety of musculo-
skeletal, pulmonary, renal, gastrointestinal, and mental problems.4,7,8 
Although the cornerstone management for obesity is lifestyle change, 
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primarily reducing calorie consumption and increasing physical ac-
tivity, the majority of people who are overweight or obese do not 
attain their desired body weight through lifestyle change alone. Anti-
obesity drugs may contribute to weight loss; however, some indi-
viduals are unable to endure the adverse effects of anti-obesity med-
ications, particularly appetite suppressants. Therefore, additional 
effective weight-loss treatments are needed.

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are a re-
cently developed class of oral glucose-lowering medications that 
target the kidneys. These medications increase urinary glucose ex-
cretion by inhibiting the reabsorption of glucose from urine in the 
kidney’s proximal tubule.4 Although SGLT2 inhibitors are primari-
ly prescribed to treat T2D, they also result in weight loss, which is 
predominantly accounted for by fat loss.4 Since the amount of re-
sultant glucosuria is proportional to plasma glucose over threshold, 
calorie excretion is also increased as the level of glucose in plasma 
increases, implying that weight reduction by SGLT2 inhibitor might 
be more effective in individuals with T2D.9 However, several clini-
cal trials have recently revealed that SGLT2 inhibitors significantly 
lowered body weight relative to placebo, even in overweight or obese 
patients without T2D. As such, the purpose of the present study 
was to comprehensively evaluate the effect of an SGLT2 inhibitor 
on weight reduction of overweight in obese patients without T2D.

METHODS

Search strategy and study selection
A literature search of four databases was conducted: PubMed, 

Embase, Web of Science, and the Cochrane Central Register of 
Controlled Trials, to obtain a comprehensive list of trials from their 
inception to May 2021, to identify eligible randomized controlled 
trials (RCTs) involving SGLT2 inhibitors in overweight and obese 
patients without diabetes. The main keywords used were “nondia-
betic or without diabetes,” “obesity or overweight,” and “SGLT2 in-
hibitors.” The search terms in detail are shown in Supplementary 
Table 1.

RCTs that compared SGLT2 inhibitors with placebo in over-
weight and obese patients without diabetes were included. RCTs 
published in English that included information on the change in 
body weight from baseline were eligible for inclusion. Titles of the 

studies, abstracts, and full manuscripts were reviewed to confirm 
that the studies met the inclusion criteria. Two authors (YKC and 
CHJ) worked independently to review the studies and eventually 
agreed on the list of studies to include. Fig. 1 depicts flowcharts for 
the study selection process.

Data extraction
The primary outcome of the present analysis was change in body 

weight from baseline to the final endpoint of each study. Secondary 
outcomes were changes in body mass index (BMI), waist circum-
ference (WC), fat mass, systolic blood pressure, diastolic blood 
pressure, low-density lipoprotein cholesterol (LDL-C), and high-
density lipoprotein cholesterol (HDL-C) from baseline. Hypogly-
cemia events were also evaluated as a secondary outcome. Along 
with outcome measurements, the two authors (YKC and CHJ) in-
dependently gathered information on the authors and publication 
year; the number of research participants; and their age, sex, body 
weight, and BMI at baseline and finally integrated the data. In 
terms of outcomes, the mean difference between baseline and end 
measures was determined for each group, together with the stan-
dard deviation of their variability.

Figure 1. Flow diagram of the study selection process. RCT, randomized controlled 
trial.
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Citations retrieved from electronic databases
   • 11 PubMed
   • 16 Embase
   • 57 Cochrane trials
   • 19 Web of Science

14 Full-texts of potential studies retrieved for further 
evaluations

5 Studies eligible for meta-analysis 
(RCTs)

•   7 �Citations excluded for  
 duplication

• 82 �Citations excluded after 
 title and abstract evaluations

9 Studies excluded according  
to inclusion criteria
   • 1 Review article
   • 3 No data on weight
   • 5 Abstract only
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Assessment of methodological quality
We evaluated the quality of the included RCTs based on the Co-

chrane Collaboration’s tool for assessing the risk of bias.10 Supple-
mentary Fig. 1 shows summaries of the risk of bias assessment.

Statistical analysis
We calculated pooled estimates of the weighted mean differences 

(WMDs) and 95% confidence intervals (CIs) for the outcomes 
and applied a random effects model to account for the variability 
across the included studies by using a restricted maximum likeli-
hood estimate of the between-studies variance. The I2 statistic was 
used to assess the magnitude of the heterogeneity between studies 
and the extent of heterogeneity was estimated as follows: low (25%), 
moderate (50%), and high (75%) I2 values.11 The potential risk of 
publication bias was evaluated by constructing funnel plots of the 
primary outcome, and asymmetry was assessed by using Egger’s 
test. Stata version 11.0 (StataCorp., College Station, TX, USA) was 
used for all analyses.

RESULTS

Search results and characteristics
The electronic literature search yielded 103 citations, of which 

five suitable RCTs including 692 individuals randomized into 
SGLT2 inhibitor or placebo groups were eventually included in the 

meta-analysis. Fig. 1 depicts flowcharts of the study selection pro-
cess, and Table 1 lists the characteristics of the selected studies.

Pooled outcomes in body weight and WC
In nondiabetic participants with overweight or obesity, the ran-

dom effects model showed that the administration of SGLT2 in-
hibitor was associated with a greater reduction in body weight than 
placebo (WMD, −1.62 kg; 95% CI, −2.38 to −0.85 kg) (Fig. 2). 
The effect was significant after adjustment for study duration and 
gender (adjusted WMD, −2.24 kg; 95% CI, −4.48 to −0.01 kg). 
The forest plot shows that the weight reduction by SGLT2 inhibi-
tor was observed consistently among the studies, although some 
studies showed statistically non-significant results (Fig. 2). The 
funnel plot and Egger’s test revealed no apparent asymmetry in the 
distribution or small study effect (Supplementary Fig. 2). However, 
this finding could not clearly demonstrate the absence of publica-
tion bias, due to the limited number of papers included and moder-
ate heterogeneity (I2 value, 60.9%).

Among the included studies, only four reported a change in BMI 
and three a change in WC from baseline (Figs. 3 and 4). Treatment 
with SGLT2 inhibitor was associated with a greater reduction in BMI 
than placebo (WMD, −0.47 kg/m2; 95% CI, −0.62 to −0.31 kg/m2) 
(Fig. 3). In general, SGLT2 inhibitors showed a trend in decreasing 
WC compared to placebo in the respective study results and the 
pooled results from meta-analyses; however, the difference was not 

Table 1. Characteristics of the studies included in the systematic review and meta-analysis

Author Medication Duration n Age (yr) Men (%) Body weight (kg) BMI (kg/m2)

Bays et al. (2014)18 Placebo 12 wk 89 45.1± 11.9 16.0 102.2± 19.9 36.6± 5.5
Canagliflozin 50 mg QD 98 44.9± 11.8 12.0 98.1± 16.0 36.6± 5.3
Canagliflozin 100 mg QD 85 45.8± 11.0 18.0 105.0± 16.6 37.9± 5.1
Canagliflozin 300 mg QD 96 43.5± 11.0 10.0 100.2± 18.0 36.9± 5.3

Napolitano et al. 
(2013)19

Placebo   8 wk 11 42.0± 13.0 73.0 101.0± 14.6 33.0± 2.4
Remogliflozin etabonate 250 mg TID   8
Sergliflozin etabonate 1,000 mg TID   8

Hollander et al. 
(2017)20

Placebo 26 wk 76 44.8± 11.1 18.3 104.3± 18.2 38.0± 5.2
Canagliflozin 300 mg QD 78 45.2± 11.0 19.0 103.3± 19.1 37.3± 4.7

He et al. (2019)21 Placebo 12 wk 44 40.2± 11.5 48.9 115.7± 19.0 40.2± 3.6
Licogliflozin 150 mg QD 44

Faerch et al. 
(2021)22

Placebo 26 wk 27 57.2± 9.9 40.0 Men, 99.0± 15.1; women, 92.1± 25.3 Men, 33.2± 4.3; women, 31.8± 3.4
Dapagliflozin 10 mg QD 28 61.4± 8.5 43.0 Men, 103.7± 17.6; women, 82.5± 13.7 Men, 31.6± 3.8; women, 30.4± 5.1 

Values are presented as mean± standard deviation.
BMI, body mass index; QD, once a day; TID, three times a day. 



Cho YK, et al.  Obesity and SGLT2 Inhibitors

J Obes Metab Syndr 2021;30:336-344 https://www.jomes.org  |  339

Figure 2. Forest plot of sodium-glucose cotransporter 2 inhibitor-induced body weight reduction compared with placebo. WMD, weighted mean difference; CI, confidence 
interval; QD, once a day; TID, three times a day.

Figure 3. Forest plot of sodium-glucose cotransporter 2 inhibitor-induced reduction in body mass index (BMI) compared with placebo. WMD, weighted mean difference; 
CI, confidence interval; QD, once a day; TID, three times a day.
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statistically significant (WMD, −1.29 cm; 95% CI, −2.62 to 0.04 cm) 
(Fig. 4). 

Pooled outcomes in fat mass, blood pressure, LDL-C and 
HDL-C, and hypoglycemic events

Regarding change in fat mass, blood pressure, LDL-C and HDL-
C, only two studies reported a change from baseline (Supplemen-
tary Fig. 3). There were no significant changes in fat mass, blood 
pressure, LDL-C and HDL-C due to SGLT2 inhibitor use in over-
weight and obese patients without diabetes. In the combined co-
hort of 692 patients, hypoglycemia occurred in only five patients 
(three cases in the SGLT2 inhibitor arm and two cases in the pla-
cebo arm).

DISCUSSION

In this meta-analysis of RCTs including 692 obese or overweight 
patients without T2D, the study found that treatment with SGLT2 
inhibitors led to 1.62 kg reduction in body weight compared with 
the placebo. In addition, patients who took SGLT2 inhibitors 
showed a significant reduction in BMI. WC and fat mass loss by 
SGLT2 inhibitors was not different from those on placebo. There 
were no differences in blood pressure, LDL-C and HDL-C. Al-

though the weigh-lowering efficacy was not powerful, the meta-
analyses demonstrated that SGLT2 inhibitors substantially reduced 
body weight in non-diabetic obese subjects.

Obesity has become a significant health concern all over the 
world.12 The cornerstone of all weight-loss programs is lifestyle mod-
ification; however, nearly every study of lifestyle modification has 
found that weight loss achieved through lifestyle changes alone is 
typically limited to 3%–10% of body weight, with the majority of 
patients regaining at least some of the lost weight within 12 months.13 
Numerous anti-obesity medications have now been thoroughly 
studied and verified by regulatory agencies to be safe and effective, 
from the Food and Drug Administration approval of phentermine 
in 1959 and to that of liraglutide 3 mg in 2017.12 However, pre-
scription rates are still low; this might be due to the frequent side 
effects associated with most medicines.12 Anti-obesity medications, 
particularly appetite suppressants, do have a variety of adverse ef-
fects.12 To be sure, existing anti-obesity medications are not as suc-
cessful as the clinicians and patients expect.12 Hence, there is a need 
for new anti-obesity medicines that are safe and effective, with long 
durability.

SGLT2 inhibitors are primarily used to treat T2D; however, they 
also cause body weight reduction, which is predominantly derived 
from decreased body fat. Furthermore, the body weight reduction 

Figure 4. Forest plot of sodium-glucose cotransporter 2 inhibitor-induced reduction in waist circumference compared with placebo. WMD, weighted mean difference; CI, 
confidence interval; QD, once a day; TID, three times a day.
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as well as glycemic effects of these drug class are maintained over 
several years.14-16 A meta-analysis of weight changes in patients re-
ceiving SGLT2 inhibitors found that body weight decreased signifi-
cantly in patients with T2D who received different dosages of vari-
ous SGLT2 inhibitors, compared to patients who received a place-
bo.17 The meta-analyses included a total of 55 placebo-controlled 
studies that evaluated the effectiveness of SGLT2 inhibitors to that 
of placebo in individuals with T2D.17 Only a few trials, however, 
have assessed the impact of SGLT2 inhibitors on weight reduction 
in obese patients who do not have diabetes.18-22 

Canagliflozin 100 mg alone lowers body weight by 2.8 kg in over-
weight and obese patients without diabetes, according to Bays et al.18 
However, in another research investigation regarding weight loss 
with the combination therapy of canagliflozin and phentermine, 
the reduction in body weight with canagliflozin alone versus place-
bo (difference, –1.3%; 95% CI, –3.1 to 0.4) did not reach statistical 
significance.20 It should be noted that previous studies on the weight-
loss effects of the SGLT2 inhibitor in a non-diabetic population 
have been largely limited in the numbers of participants and the 
regimens. Thus, we integrated the results from individual studies 
and elucidated the potential of SGLT2 inhibitors as anti-obesity 
drugs; overweight or obese patients on SGLT2 inhibitors had a re-
duction in body weight of −1.62 kg and BMI of −0.47 kg/m2, with-
out significant change in blood pressure and lipid profile. In addi-
tion, hypoglycemia was noted in just five of the study’s combined 
cohort of 692 patients. This implies that SGLT2 inhibitors have a 
relatively favorable safety profile in those who do not have diabetes.

The following are possible mechanisms by which SGLT2 inhibi-
tors induce weight loss: first, these effects are most likely mediated 
by calorie loss linked with increased urine glucose excretion (UGE).17 
It has been reported that treatment of dapagliflozin or canagliflozin 
resulted in a dose-dependent rise in UGE; however, the maximum 
effect was typically observed in in patients with T2D.17,23-27 Napoli-
tano et al.19 extended these findings on the weight lowering effect 
of SGLT2 inhibitors to obese non-diabetic subjects. There was a 
statistically significant treatment-related effect of SGLT2 inhibitors, 
both of remogliflozin and sergliflozin on UGE even in obese indi-
viduals without diabetes, while there was no change in glucose ex-
cretion in the placebo groups.19 Second, the weight reduction seen 
with SGLT2 inhibitor use might be caused by fat loss. Lipolysis was 

enhanced and the level of blood ketone body was elevated in diet-
induced obese animals in which SGLT2 inhibitors were adminis-
tered.4,28,29 SGLT2 inhibitor-induced glycosuria reduces plasma 
glucose and insulin levels while increasing fasting and post-meal 
glucagon concentrations in nondiabetic individuals with obesity; 
these kinds of hormonal changes might induce the mobilization of 
stored fat and utilization of it as an energy source.4,30,31 However, in 
this study’s meta-analysis, the fat loss due to SGLT2 inhibitors 
compared to placebo was not significant, possibly due to the limit-
ed data source; further studies including a large number of partici-
pants are needed. Lastly, the weight loss observed with SGLT2 in-
hibitor treatment might be associated with an alteration in adipo-
kines related to body weight. The leptin/adiponectin ratio has been 
recommended as a marker of insulin resistance in non-diabetics,32 
and there was a significant decrease in this ratio after remogliflozin 
treatment, implying that this type of SGTL-2 inhibitor could im-
prove metabolic health in non-diabetic obese subjects.19 Further in-
vestigations on the exact mechanisms of SGLT2 inhibitors are 
needed.

The present research had certain limitations. First, the number of 
included studies was insufficient, especially for secondary outcomes. 
We were unable to adjust the possible confounders due to the small 
number of studies and limited information on the baseline charac-
teristics of participants. However, the body weight reduction by 
SGLT2 inhibitors, which was the primary outcome of the study, 
remained significant after adjusting for study durations and gender, 
which were quite heterogeneous among trials. Furthermore, we 
were unable to assess the change in glycemic status (i.e., glycosylat-
ed hemoglobin or fasting plasma glucose) because only one trial 
reported it. We expect that in future systematic reviews and meta-
analysis, the number of studies included for each effect analysis 
must be adequate. Second, the regimen of SGLT2 inhibitors and 
study duration were inconsistent among the included studies. Third, 
across the outcomes analyzed, although the quality of evidence was 
assessed using the Grading of Recommendations Assessment, there 
was moderate heterogeneity among studies for body weight change. 
Finally, the study conclusion was not entirely novel, as there have 
been a few reports on the weight-lowering effect of SGLT2 inhibi-
tors in the non-diabetic population;33,34 nevertheless, contrary to 
other studies, this research found that the body weight reduction 
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by SGLT2 inhibitors persisted after adjusting for study duration 
and gender of the participants. As a result, these findings could pro-
vide additional evidence supporting the weight-lowering benefit of 
SGLT2 inhibitors in obese patients without diabetes.

Among overweight or obese patients without diabetes mellitus, 
this study demonstrated that patients treated with SGLT2 inhibi-
tors had significant body weight reduction compared with those 
who received a placebo. Future research about SGLT2 inhibitors in 
other subgroups of obese patients is warranted to determine their 
potential for the management of obesity.
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