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Abstract
BACKGROUND
Landmark trials have established the benefits of sodium-glucose cotransporter-2 inhibitors (SGLT2-Is) in cardiovascular disease including heart failure with reduced and preserved ejection fraction and renal diseases regardless of the presence of diabetes mellitus. However, studies evaluating the role of SGLT2-Is in metabolic syndrome (MetS) are limited.

AIM
This study primarily aimed to evaluate the impact of SGLT2-Is on the components of MetS.

METHODS
Two independent reviewers and an experienced librarian searched Medline, Scopus and the Cochrane central from inception to December 9, 2021 to identify placebo controlled randomized controlled trials that evaluated the impact of SGLT2-Is on the components of MetS as an endpoint. Pre- and post-treatment data of each component were obtained. A meta-analysis was performed using the RevMan (version 5.3; Copenhagen: The Nordic Cochrane Center, The Cochrane Collaboration).

RESULTS
Treatment with SGLT2-Is resulted in a decrease in fasting plasma glucose (–18.07 mg/dL; 95%CI: -25.32 to –10.82), systolic blood pressure (–1.37 mmHg; 95%CI: -2.08 to –0.65), and waist circumference (–1.28 cm; 95%CI: -1.39 to –1.18) compared to placebo. The impact on high-density lipoprotein cholesterol was similar to placebo (0.01 mg/dL; 95%CI: -0.05 to 0.07).

CONCLUSION
SGLT2-Is have a promising role in the management of MetS.
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Core Tip: This meta-analysis of randomized, placebo-controlled trials aimed to evaluate the impact of dapagliglozin and empagliflozin on metabolic syndrome as defined by the National Cholesterol Education Program Adult Treatment Panel III. In doing so, it highlighted a statistically significant improvement in fasting plasma glucose, systolic blood pressure and waist circumference. The effect of dapagliflozin and empagliflozin on high-density lipoprotein cholesterol was similar to that of placebo. In addition to its primary aim, this study also highlighted an improvement in other cardiometabolic parameters including hemoglobin A1C, uric acid and body weight in patients that received dapagliflozin and empagliflozin.

INTRODUCTION
Sodium-glucose cotransporter-2 inhibitors (SGLT2-Is) are a relatively novel and revolutionary class of medications that reduce the reabsorption of glucose from the proximal tubules in the kidneys[1-4]. Their glycosuric effect led to their initial use in the management of patients with type 2 diabetes mellitus (DM)[1-4]. However, recent large, randomized control trials (RCTs) have highlighted the extension of their benefits to cardiovascular diseases (CVD) including heart failure with reduced and preserved ejection fraction and renal diseases regardless of the presence of DM[5-15]. However, to date, studies on the impact of SGLT2-Is in the management of metabolic syndrome (MetS) and its components remain inadequate. Metabolic syndrome is an emerging pandemic[16-19]. Its prevalence has risen from approximately 25% to 38% between the early 1990s to 2010s in the United States[16-19]. The prevalence has increased by 29.1% in people aged 40-60 years[16-19]. It has been defined according to the National Cholesterol Education Program (NCEP) Adult Treatment Panel (ATP) III as the presence of 3 of 5 entities: (1) Waist circumference (WC) ≥ 102 cm in men and ≥ 88 cm in females; (2) Serum triglycerides (TGL) ≥ 150 mg/dL or on drug treatment for hypertriglyceridemia; (3) Serum high-density lipoprotein (HDL) cholesterol < 40 mg/dL in males and < 50 mg/dL; (4) Blood pressure (BP) ≥ 130/85 mmHg or on drug treatment for hypertension (HTN); and (5) Fasting plasma glucose (FPG) ≥ 100 mg/dL or on drug treatment for elevated blood glucose[20]. A growing body of evidence exists supporting the association of MetS with the development and progression of CVD[17-20]. In a meta-analysis by Mottillo et al[19] a 2-fold increase in the risk of CVD and CV mortality in patients with MetS was noted. DM is a component of the MetS and affords a 2-4-fold increase in CVD Risk[21]. Hence, there is an urgent need to improve the management of MetS, which currently ranges from lifestyle interventions such as physical activity and caloric restriction through dietary modification to pharmacological and surgical approaches that address components of the MetS[4]. The primary aim of this study is to evaluate the impact of the SGLT2-Is on the MetS parameters noted in NCEP ATP III criteria. The secondary aim is to highlight the effect of SGLT2-Is on other cardiometabolic parameters including hemoglobin A1C (HbA1c), body weight (BW) and uric acid (UA). This study is derived from placebo controlled RCTs that have evaluated the impact of these medications on CVD and its risk factors, as well as reported pre/post treatment values of MetS components.

MATERIALS AND METHODS
Data sources and searches
Two authors independently searched the electronic library database in Medline, Scopus and the Cochrane central from inception to December 9, 2021, using the following keywords: SGLT2-I, metabolic, cardiometabolic, TGL, FPG, BP, HDL, waist, abdominal, circumference, lipids, waist-to-height ratio, hypertriglyceridemia, HTN, MetS, RCT, random allocation, randomly allocated, random, and allocated randomly. Additionally, different combinations of these keywords were applied in each database search. The search was extended to ClinicalTrials.gov. An independent search was also conducted by a qualified librarian using similar search terms.

Study selection
The eligible studies were RCTs, allocated patients to an SGLT2-I group (that received either Dapagliflozin or Empagliflozin) or a placebo group, reported baseline and post-treatment values ≥ 1 component of MetS, had a treatment duration 6 mo and were published in the English language. Studies not meeting these criteria were excluded. Disagreements on study selection were either resolved by consensus or by Farouk Mookadam. The study adhered to the preferred reporting items for systematic reviews and meta-analyses (PRISMA) reporting guideline[22] (PRISMA checklist).

Data extraction
Extracted data included duration of follow-up, sample size and dose of dapagliflozin and empagliflozin studied. Demographic and biomarker characteristics extracted at baseline and follow up included mean age, gender, race, DM, mean WC, FPG, TGL, HDL, systolic BP (SBP), diastolic BP (DBP), HbA1C, BW and UA.

Quality assessment
The methodologic quality of the RCTs was assessed using the Jadad score. Points were allocated for randomization, blinding and accountability of the study participants, with a total score range from 0 to 5[23] (Table 1).

Outcomes
The primary outcomes of this study are post-treatment changes in WC, FPG, TGL, HDL, and BP. The secondary outcomes are post-treatment changes in BW, HbA1C and UA.

Statistical analysis
All outcome data were reported as mean with standard deviation and were converted to conventional units. Data analysis was performed using the RevMan (version 5.3; Copenhagen: The Nordic Cochrane Center, The Cochrane Collaboration). The forest plots of the above outcomes were visually represented after pooling the mean differences using the random-effects model. Heterogeneity was assessed with the I2 test. Post-hoc subgroup analyses including doses and/or SGLT2-I type were performed if there was significant heterogeneity.

RESULTS
Search results and study inclusion
The initial literature search identified a total of 2636 potentially relevant studies, 14 of which were gathered from ClinicalTrials.gov. After excluding 1042 duplicates, a total of 1594 studies were screened. Of these, 235 studies were selected for abstract and/or full text review. An additional 217 studies were excluded either because they did not meet the above inclusion criteria, precursors of long-term studies, had a cross-over design or had no published results. A total of 18 studies[5,15,24-39] were eligible for meta-analysis (Figure 1). Of these, 3 studies reported WC[30,33,36], 9 reported FPG[24-27,29,30,34-36,39], 4 reported TGL[5,30,35,38], 3 reported HDL[34,37,38], 7 reported SBP[12,15,28,29,33,35,36] and 6 reported DBP[24,26,28,33,35,39] (Table 2 and 3).

Participant characteristics
A total of 26427 patients were included in the analysis. The SGLT2-I group comprised a total of 15914 patients. Of these, 7355 patients received dapagliflozin and 8559 received empagliflozin. The placebo group comprised a total of 10513 patients (Table 2 and 3). 59.4% were men. Among studies with reported data, 75% were White, 19.9% were Asian and 4.8% were Black. The mean treatment duration was 79 wk. The mean age in the SGLT2-I group was 53.4 years, and 54.8 years in the placebo group. The vast majority (78.6%) were DM patients. The baseline and post-treatment values of MetS components and the cardiometabolic variables are presented in Tables 3 and 4.

SGLT2-Is and FPG: Nine RCTs in which a total of 1474 patients received SGLT2-Is were analyzed. The random effect model demonstrated a mean reduction in FPG of –18.07 mg/dL (95%CI: -25.32 to –10.82; I2 = 99%) (Figure 2A). The significant heterogeneity persisted after a subgroup analysis based on dose of SGLT2-Is (2.5 mg vs 10 mg). 463 participants received the 2.5 mg dose which had a similar impact as placebo on FPG: -1.45 mg/dL (95%CI: -8.73 to 5.82; I2 = 71%) (Figure 2B). The 10 mg dose resulted in a higher reduction in mean FPG of –30.02 mg/dL (95%CI: -38.97 to –21.08; I2 = 87%) (Figure 2B). 

SGLT2-Is and BP: The analysis for SBP included a total of 6662 participants from seven RCTs. There was a modest mean reduction in SBP of –1.37 mmHg (95%CI: -2.08 to –0.65, I2 = 85%) (Figure 3A). A subsequent post-hoc analysis based on SGLT2-I type demonstrated the empagliflozin RCTs were responsible for the high heterogeneity. The mean reduction noted with empagliflozin was not statistically significant: -0.70 mmHg (95%CI: 1.72 to 0.32; I2 = 97%). Dapagliflozin use was associated with a higher mean SBP reduction of -2.03 mmHg (95%CI: -2.83 to –1.24; I2 = 8%) (Figure 3B). The analysis of 6 RCTs that comprised 1018 total patients demonstrated no reduction in DBP with SGLT2-I use compared to placebo: -0.50 mmHg (-1.76 to 0.75; I2 = 97%) (Figure 4).

SGLT2-Is and WC: A total of 378 patients from 3 RCTs received an SGLT2-I. The random effect model highlighted a mean reduction in WC of –1.28 cm (95%CI: -1.39 to –1.18; I2 = 0%) (Figure 5).

SGLT2-Is and HDL: A total of 1080 patients from 3 RCTs were analyzed for the impact of SGLT2-Is on HDL. There was no significant difference in post-treatment HDL between the SGLT2-I and placebo groups: 0.01 mg/dL (95%CI: -0.05 to 0.07; I2 = 100%) (Figure 6).

SGLT2-Is and TGL: TGL levels pre or post treatment were not reported in all the trials. Hence this component of the MetS could not be analyzed in this meta-analysis.

SGLT2-Is and other cardiometabolic parameters: HbA1C, BW and UA.

SGLT2-Is resulted in a modest mean reduction in HbA1C: -0.68% (95%CI: -0.88 to –0.48; I2 = 89%) (Figure 7A). A subgroup analysis based on doses (2.5 mg and 10 mg) demonstrated no change in heterogeneity and statistical significance. Both the 2.5 mg and 10 mg doses of SGLT2-I resulted in a statistically significant improvement in A1C (Figure 7B). There was a reduction in mean BW of –1.79 kg (95%CI: -2.07 to -1.51; I2 = 97%) with SGLT2-I use (Figure 8A). This improvement in BW was noted regardless of SGLT2-I dose. The subgroup analysis based on dose and SGLT2-I type could not highlight the potential cause of the significant heterogeneity (Figures 8B and C). UA decreased with the use of SGLT2-I: -1.03 mg/dL (95%CI: -1.14 to –0.93; I2 = 98%) (Figure 9A). This reduction was greater within the dapagliflozin subgroup: -4.52 mg/dL (95%CI: -8.96 to –0.08; I2 = 100%) vs –0.20 mg/dL (95%CI: -0.51 to 0.12; I2 = 88%) the empagliflozin subgroup. The impact on UA also appears to be dose-dependent: -1.05 mg/dL (95%CI: -1.98 to –0.12; I2 = 99%) with 10 mg and –0.18 mg/dL (95%CI: -1.4 to 1.05; I2 = 0%) (Figures 9B and C). Table 4 provides a summary of the placebo adjusted treatment effect of SGLT2-Is on metabolic parameters: HbA1C, BW and UA. 

DISCUSSION
This meta-analysis of 18 placebo controlled RCTs was designed to primarily evaluate the impact of SGLT2-Is on the components of the MetS as defined by the NCEP ATP III criteria. In addition, it evaluated their impact on other cardiometabolic parameters including HbA1c, BW and UA. The major findings include: (1) An improvement in MetS components (FPG, WC and BP) in the SGLT2-I group compared to the placebo group, and (2) an improvement in HbA1c, BW and UA in the SGLT2-I group compared to the placebo group.
Previous meta-analyses[40-50] that evaluated the cardiometabolic effects of SGLT2-Is have only included at most four of the five components of MetS. Teo et al[40] evaluated WC, BP, FPG; Cho et al[49] analyzed WC, BP, HDL and Zaccardi et al[47] evaluated FPG, BP, HDL and TGL. In addition, the results of these studies have been inconsistent. While our study aimed to evaluate all components, we only had enough data for four components (FPG, BP, WC and HDL) owing to our inclusion criteria. In contrast to these studies[42,43,50], our study did not highlight a significant improvement in HDL with the use of SGLT2-Is. The reason behind this might be an inadequate statistical power; this study analyzed only 3 RCTs owing to the inclusion criteria compared to 47, 5 & 15 RCTs by Sánchez-García et al[41], Chen et al[42], and Shi et al[50] respectively. This study also evaluated the effect of low-dose SGLT2-Is on HDL, however it is unlikely this played a role in the outcome as the analysis by Chen et al[45] demonstrated a dose-independent impact. While this study has a higher mean treatment duration of 79 wk compared to prior meta-analyses which have a mean duration of 29 wk[40-50], the magnitude of the improvement in FPG, WC and BP appear similar between this study and its counterparts. This might suggest that SGLT2-Is have a ceiling effect on the components of MetS.
A high heterogeneity is noticed across all outcomes except for WC. This could be related to the differences in baseline diabetic medications taken by the patients, different doses, inclusion of more than one type of SGLT2-I and differences in the severity of hyperglycemia among the patients. However, the subgroup analysis for FPG based on dose revealed a significantly elevated heterogeneity with all doses evaluated. This study could not adjust for the differences in baseline diabetic medications and severity of hyperglycemia because these were universally different across the included RCTs, and a patient level meta-analysis would be needed for this. The heterogeneity associated with the SBP outcome in the empagliflozin subgroup may be due to the significant difference in sample size between the analyzed RCTs. A further sub-analysis based on the sample size was not completed because there were only 2 studies in the empagliflozin subgroup for SBP. The difference in efficacy between both SGLT2-Is on SBP appears to be largely due to the significant difference in the number of RCTs that constitute both SGLT2-I subgroup (2 RCTs in the empagliflozin subgroup vs 5 RCTs in the dapagliflozin subgroup). The small number of RCTs in the empagliflozin subgroup is due to this study’s inclusion criteria. The differences between the patients' baseline antihypertensives could also be contributory to the high heterogeneity in the empagliflozin subgroup for SBP. The significant difference in treatment duration between the studies that evaluated DBP might explain the significant heterogeneity associated with the 10 mg dose of dapagliflozin. Inadequate power might explain the lack of statistical significance in the reduction of DBP.
The mechanism by which SGLT2-Is lead to improvement in the components of MetS and other cardiometabolic parameters have been partially elucidated[1,51-55]. The glucosuria, osmotic diuresis and natriuresis induced by the inhibition of SGLT-2 and the sodium hydrogen exchanger appears to play an important role in the improvement of FPG, HTN and HbA1c[51,52]. Their impact on HTN also stems from their ability to reduce arterial stiffness and endothelial dysfunction[51-53]. Furthermore, the improvement in UA noted with SGLT2-Is has been associated with the upregulation of the glucose transporter 9, a major urate transporter that secretes UA in the proximal kidney[1,53]. Interestingly, SGLT2-Is' cardiometabolic benefits have been linked to modification of certain genes involved in homeostasis[51,55]. These include a potential upregulation of Angiotensin 1-7 which leads to improvement in HTN and arterial stiffness[51]. The upregulation of genes involved in lipid metabolism including peroxisome proliferator-activated receptor alpha, acetyl-CoA carboxylase, fibroblast growth factor 21 and adenosine monophosphate-activated protein kinase have been associated with the improvement in TGL, HDL and BW[50]. SGLT2-Is have also been associated with increased levels of glucagon-like peptide 1, which is known to slow gastric emptying and reduce weight gain[54].
Perhaps through the improvement in MetS components, the combination of the above mechanisms might explain the improvement in CV mortality and heart failure hospitalization associated with SGLT2-Is in landmark trials[1-4,6,7,9-13]. In addition to its role in CVD, MetS is an independent risk factor in the development of DM[55,56]. Patients with MetS are approximately three to five times more likely to develop type 2 DM[55,56]. This highlights the complex yet incompletely understood connection between MetS, type 2 DM and CVD. Although the improvement in MetS components in this study appears to be modest, our findings anticipate a possible role for SGLT2-Is in the management of MetS. Hence, it highlights the need for RCTs to evaluate the impact of SGLT2-Is on MetS compared with current management modalities including lifestyle modification. 

Limitations
The findings of this study should be interpreted cautiously bearing several limitations. First, the mean baseline HDL and DBP of included RCTs did not meet threshold values for MetS. This is likely because our primary objective was mostly a derivative of the secondary outcomes of the included RCTs. Second, owing to our inclusion criteria, only two of the included RCTs recruited patients without DM which limits the external validity of our study. Furthermore, we did not conduct a patient level analysis in those without DM. Third, this study limited its analysis to only dapagliflozin or empagliflozin and did not thoroughly compare the efficacy of both. Fourth, the improvement in MetS components noted by our analysis might be confounded by other medications taken by the RCTs’ participants. Therefore, our analysis could not quantify the absolute effect of SGLT2-Is. This might imply the need for the evaluation of SGLT2-Is as a first line pharmacotherapy in treatment of MetS components. Additionally, MetS has multiple causes besides sedentary lifestyle, and unhealthy eating; it is usually heterogenous in its presentation due to the different possible combinations of its components; this study did not address these in its analysis. Lastly, not all included RCTs are open labelled and hence the risk of bias could not be reliably assessed by the Cochrane risk of bias tool.

CONCLUSION
SGLT2-Is were associated with an improvement in all components of MetS. There appears to be a role for their use in the management of patients with MetS regardless of the presence of DM and HF. Prospective studies are needed to further evaluate the role of SGLT2-Is in patients with MetS either as first-line agents and/or add-on pharmacotherapy. This study, to the best of our knowledge, is the first to fully explore a possible role for SGLT2-Is in the management of MetS.

ARTICLE HIGHLIGHTS
Research background
According to the National Cholesterol Education Program Adult Treatment Panel III, metabolic syndrome is defined by the presence of three of five of the following: (1) Waist circumference (WC) ≥ 102 cm in men and ≥ 88 cm in females; (2) Serum triglycerides ≥ 150 mg/dL or on drug treatment for hypertriglyceridemia; (3) Serum high-density lipoprotein cholesterol < 40 mg/dL in males and < 50 mg/dL; (4) Blood pressure (BP) ≥ 130/85 mmHg or on drug treatment for hypertension; and (5) Fasting plasma glucose (FPG) ≥ 100 mg/dL or on drug treatment for elevated blood glucose.

Research motivation
The growing prevalence of metabolic syndrome (MetS), its association with the development of cardiovascular diseases (CVD) and the need to complement the therapeutic effect of lifestyle modification were the reasons behind conducting this study.

Research objectives
To evaluate the effect of sodium-glucose cotransporter-2 inhibitors (SGLT2-Is) on MetS using data derived from randomized, placebo-controlled trials.

Research methods
A search of Medline, Scopus and the Cochrane central from inception to December 9, 2021 to identify randomized controlled trials (RCTs) that have evaluated the impact of SGLT2-Is on CVD and its risk factors, as well as reported pre/post treatment values of MetS components.

Research results
SGLT2-Is resulted in a decrease in FPG, systolic BP and WC.

Research conclusions
Further studies are needed to evaluate the use of SGLT2-Is as the first-line phamacotherapy in the management of MetS.

Research perspectives
This meta-analysis has highlighted the impact of SGLT2-Is on MetS using data from RCTs that have evaluated the impact of SGLT2-Is on CVD and its risk factors, as well as reported pre/post treatment values of MetS components. In an attempt to improve the management of MetS, we hope this study will be a precursor for future prospective studies that will establish the use of SGLT2-Is in the treatment of MetS.
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Figure 1 PRISMA flow diagram showing outcomes of databases and registers search. SGLT2-I: Sodium-glucose cotransporter 2 inhibitor; Mets: Metabolic syndrome.
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Figure 2 Forest plot. A: Highlighting impact of SGLT2-I on FPG compared to placebo; B: SGLT2-I dose subgroup analysis performed for FPG. SGLT2-I: Sodium-glucose cotransporter 2 inhibitor; FPG: Fasting plasma glucose.
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Figure 3 Forest plot. A: Highlighting impact of SGLT2-I on SBP compared to placebo; B: SGLT2-I Type subgroup analysis performed for SBP. SGLT2-I: Sodium-glucose cotransporter 2 inhibitor; SBP: Systolic blood pressure.
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Figure 4 Forest plot highlighting impact of SGLT2-I on DBP compared to placebo. SGLT2-I: Sodium-glucose cotransporter 2 inhibitor; DBP: Diastolic blood pressure.
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Figure 5 Forest plot highlighting impact of SGLT2-I on WC compared to placebo. SGLT2-I: Sodium-glucose cotransporter 2 inhibitor; WC: Waist circumference.
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Figure 6 Forest plot highlighting the absence of significant impact of SGLT2-I on HDL compared to placebo. SGLT2-I: Sodium-glucose cotransporter 2 inhibitor; HDL: High-density lipoprotein.
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Figure 7 Forest plot. A: Highlighting impact of SGLT2-I on HgbA1C compared to placebo; B: SGLT2-I Dose subgroup analysis performed for HgbA1C. SGLT2-I: Sodium-glucose cotransporter 2 inhibitor.
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Figure 8 Forest plot. A: Highlighting impact of SGLT2-I on BW compared to placebo; B: SGLT2-I Type subgroup analysis performed for BW; C: SGLT2-I Dose subgroup analysis performed for BW. SGLT2-I: Sodium-glucose cotransporter 2 inhibitor; BW: Body weight.
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Figure 9 Forest plot. A: Highlighting impact of SGLT2-I on UA compared to placebo; B: SGLT2-I Type subgroup analysis performed for UA; C: SGLT2-I Dose subgroup analysis performed for UA. SGLT2-I: Sodium-glucose cotransporter 2 inhibitor; UA: Uric acid.


Table 1 Jadad score of included studies
	Ref.
	Randomization
	Blinding
	Accountability
	Jadad score

	Bailey et al[24], 2015
	2
	1
	1
	4

	Bailey et al[25], 2013
	1
	1
	1
	3

	Rosenstock et al[26],  2012
	1
	1
	1
	3

	Wilding et al[27],  2014
	2
	2
	1
	5

	Matthaei et al[34],  2015
	2
	1
	1
	4

	Jabbour et al[30], 2014
	1
	1
	1
	3

	Anker et al[15], 2021
	2
	2
	1
	5

	Sone et al[36], 2020
	2
	1
	1
	4

	Bolinder et al[33],  2014
	2
	2
	1
	5

	Rosenstock et al[37],  2015
	2
	1
	1
	4

	Rosenstock et al[38],  2014
	2
	1
	1
	4

	Kohan et al[28], 2016
	1
	1
	1
	3

	Zinman et al[5], 2015
	2
	1
	1
	3

	Brown et al[35], 2020
	1
	1
	1
	3

	Qin et al[32], 2019
	1
	U
	U
	1

	Gause-Nilsson 20141
	1
	U
	U
	1

	List et al[39], 2009
	1
	1
	1
	3

	McMurray et al[31], 2019
	2
	2
	1
	5


1No baseline data reported for Gause-Nilsson 2014.
U: Unclear.

Table 2 Characteristics of included studies
	 
	 
	 
	
	Treatment group
	Placebo group
	Participants (n)
	Mean age (yr)
	Race (n)

	Ref.
	Duration (wk)
	%male
	%DM
	SGLT2-I
	Other therapy
	Other therapy
	SGLT2-I
	Placebo
	SGLT2-I
	 Placebo
	White
	Asian
	Black

	Bailey et al[25], 2013
	102
	 
	100%
	DAPA (2.5)
	Metformin
	Metformin
	137
	137
	55.0 (9.3) 
	53.7 (10.3)
	 
	 
	 

	 
	 
	 
	 
	DAPA (5)
	Metformin
	 
	137
	 
	54.3 (9.4) 
	 
	 
	 
	 

	 
	 
	 
	 
	DAPA (10)
	Metformin
	 
	135
	 
	52.7 (9.9)
	 
	 
	 
	 

	Bailey et al[24], 2015
	102
	 
	100%
	DAPA (2.5)
	Metformin
	Metformin
	65
	75
	53.0 (11.7)
	52.7 (10.3) 
	 
	 
	 

	 
	 
	 
	 
	DAPA (5)
	Metformin
	 
	64
	 
	52.6 (10.9)
	 
	 
	 
	 

	 
	 
	 
	 
	DAPA (10)
	Metformin
	 
	70
	 
	50.6 (10.0)
	 
	 
	 
	 

	Bolinder et al[33],  2014
	102
	55.6%
	100%
	DAPA (10)
	 
	Placebo only
	69
	71
	60.6 (8.2)
	60.8 (6.9)
	140
	NR
	NR

	Brown et al[35], 2020
	52
	57.6%
	100%
	DAPA (10)
	 
	Placebo only
	32
	34
	64.25 (7.01)
	66.74 (6.62)
	 
	 
	 

	Gause-Nilsson 20141
	104
	 
	100%
	DAPA (10)
	Insulin
	Insulin
	480
	482
	 
	 
	 
	 
	 

	Jabbour et al[30], 2014
	48
	54.8%
	100%
	DAPA (10)
	Sitagliptin, metformin 
	Sitagliptin, metformin
	223
	224
	54.8 (10.4)
	55.0 (10.2)
	332
	4
	17

	Zinman et al[5], 2015
	102
	 
	 
	DAPA (2.5)
	 
	Placebo only
	625
	785
	57.5 (9.9) 
	56.9 (10.2) 
	 
	 
	 

	 
	 
	 
	 
	DAPA (5)
	 
	 
	767
	 
	56.5 (10.1) 
	 
	 
	 
	 

	 
	 
	 
	 
	DAPA (10)
	 
	 
	859
	 
	56.0 (9.9)
	 
	 
	 
	 

	List et al[39], 2009
	12
	 
	100%
	DAPA (2.5)
	 
	Placebo only
	59
	54
	55 (11)
	53 (11)
	 
	 
	 

	 
	 
	 
	 
	DAPA (5)
	 
	Metformin
	58
	56
	55 (12)
	54 (9)
	 
	 
	 

	 
	 
	 
	 
	DAPA (10)
	 
	 
	47
	 
	54 (9)
	 
	 
	 
	 

	 
	 
	 
	 
	DAPA (20)
	 
	 
	59
	 
	55 (10)
	 
	 
	 
	 

	 

	 
	 
	 
	DAPA (50)
	 
	 
	56
	 
	53 (10)
	 
	 
	 
	 

	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Matthaei et al[34],  2015
	52
	49.2%
	100%
	DAPA (10)
	 
	Placebo only
	108
	108
	61.1 (9.7)
	60.9 (9.2)
	206
	NR
	NR

	McMurray et al[31], 2019
	72
	77%
	45%
	DAPA (10)
	 
	Placebo only
	2373
	2371
	66.2 (11.0)
	66.5 (10.8)
	3333
	1116
	226

	Qin et al[32], 2019
	16
	 
	100%
	DAPA (10)
	 
	Placebo only
	22
	12
	 
	 
	 
	 
	 

	 
	 
	 
	 
	DAPA (10)
	Saxagliptin 
	 
	22
	 
	 
	 
	 
	 
	 

	Rosenstock et al[26],  2012
	48
	 
	100%
	DAPA (5)
	Pioglitazone 
	Pioglitazone
	141
	139
	53.2 (10.9)
	53.5 (11.4)
	 
	 
	 

	 
	 
	 
	 
	DAPA (10)
	Pioglitazone 
	 
	140
	 
	53.8 (10.4)
	 
	 
	 
	 

	Wilding et al[27],  2014
	104
	 
	100%
	DAPA (2.5)
	Insulin, existing OAD
	Insulin, existing OAD
	202
	193
	59.8 (7.6) 
	58.8 (8.6) 
	 
	 
	 

	 
	 
	 
	 
	DAPA (5/10)2
	Insulin, existing OAD
	 
	211
	 
	59.3 (7.9) 
	 
	 
	 
	 

	 
	 
	 
	 
	DAPA (10)
	Insulin, existing OAD
	 
	194
	 
	59.3 (8.8)
	 
	 
	 
	 

	Anker et al[15], 2021
	112
	55%
	49%
	EMPA (10)
	 
	Placebo only
	2997
	2991
	71.8 (9.3)
	71.9 (9.6)
	4542
	824
	258

	Sone et al[36], 2020 
	52
	72.6%
	100%
	EMPA (10)
	 
	Placebo only
	86
	90
	58.3 (10.0)
	59.1 (10.7)
	NR
	266
	NR

	 
	 
	 
	 
	EMPA (25)
	 
	 
	90
	 
	58.6 (9.5)
	 
	 
	 
	 

	Rosenstock et al[37],  2015
	78
	56%
	100%
	EMPA (10)
	 
	Placebo only
	169
	170
	58.6 (9.8)
	58.1 (9.4)
	343
	98
	48

	 
	 
	 
	 
	EMPA (25)
	 
	 
	155
	 
	59.9 (10.5)
	 
	 
	 
	 

	Rosenstock et al[38],  2014
	52
	45%
	100%
	EMPA (10)
	 
	Placebo only
	186
	188
	56.7 (8.7)
	55.3 (10.1)
	531
	NR
	19

	 
	 
	 
	 
	EMPA (25)
	 
	 
	189
	 
	58.0 (9.4)
	 
	 
	 
	 

	Zinman et al[5], 2015
	220
	71.5%
	100%
	EMPA (10)
	 
	Placebo only
	2345
	2333
	63.0 (8.6)
	63.2 (8.8)
	5081
	1517
	357

	 
	 
	 
	 
	EMPA (25)
	 
	 
	2342
	 
	63.2 (8.6)
	 
	 
	 
	 


Data reported as mean (SD).
1No baseline data reported for Gause-Nilsson 2014.
25 for 48 wk, 10 for 56 wk.
NR: Not reported; OAD: Oral antidiabetic drugs; SGLT2-I: Sodium-glucose cotransporter 2 inhibitor; DM: Diabetes mellitus.



Table 3 Baseline values for the MetS components
	
	 
	Waist circumference (cm)
	Triglyceride (mg/dL)
	HDL (mg/dL)
	SBP (mm Hg)
	DBP (mm Hg)
	Fasting plasma glucose

	Ref.
	SGLT2-I (daily dose, mg)
	SGLT2-I
	Placebo
	SGLT2-I
	Placebo
	SGLT2-I
	Placebo
	SGLT2-I
	Placebo
	SGLT2-I
	Placebo
	SGLT2-I
	Placebo

	Bailey et al[25], 2013 
	DAPA (2.5)
	 
	 
	 
	 
	 
	 
	126·6 (14·5) 
	127·7 (14·6) 
	79·5 (8·7) 
	80·9 (9·0) 
	161.3 ± 43
	165.42 (46.44)

	 
	DAPA (5)
	 
	 
	 
	 
	 
	 
	126·9 (14·3) 
	 
	80·8 (8·5) 
	 
	169.0 ± 49
	 

	 
	DAPA (10)
	 
	 
	 
	 
	 
	 
	126·0 (15·9)
	 
	79·0 (10·2)
	 
	155.9 ± 38.7
	 

	Bailey et al[24], 2015
	DAPA (2.5)
	105.6 (14.9)
	103.2 (13.8) 
	 
	 
	 
	 
	129.3 (16.1) 
	124.7 (16.3) 
	79.1 (7.9) 
	81.0 (9.5) 
	163.8 ± 48.6
	160.2 (41.4)

	 
	DAPA (5)
	104.3 (11.7)
	 
	 
	 
	 
	 
	124.7 (15.3) 
	 
	81.6 (8.9) 
	 
	162 ± 45
	 

	 
	DAPA (10)
	108.1 (13.2)
	 
	 
	 
	 
	 
	125.1 (16.4)
	 
	80.2 (8.6)
	 
	167.4 ± 41.4
	 

	Bolinder et al[33],  2014
	DAPA (10)
	105.6 ± 10.1
	104.5 ± 12.3
	 
	 
	 
	 
	136.1 ± 13.8
	133.3 ± 13.7
	80.6 ± 8.0
	80.4 ± 8.3
	147.6 ± 25.2
	149.4 ± 25.2

	Brown et al[35], 2020
	DAPA (10)
	 
	 
	 
	 
	 
	 
	137.25 ± 7.5
	136.15 ± 9.11
	79.16 ± 8.63
	77.79 ± 8.25
	140.4 ± 63
	144.9 ± 54.0

	Jabbour et al[30], 2014
	DAPA (10)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	162.2 (36.8)
	163.0 (34.5)

	Kohan et al[28], 2016
	DAPA (2.5)
	 
	 
	 
	 
	 
	 
	133.1 (17.2) 
	130.8 (15.8) 
	79.8 (9.3) 
	79.6 (9.0) 
	 
	 

	 
	DAPA (5)
	 
	 
	 
	 
	 
	 
	130.5 (16.2) 
	 
	79.5 (8.9) 
	 
	 
	 

	 
	DAPA (10)
	 
	 
	 
	 
	 
	 
	131.1 (16.3)
	 
	79.1 (9.3)
	 
	 
	 

	List et al[39], 2009
	DAPA (2.5)
	 
	 
	 
	 
	 
	 
	127 ± 14
	126 ± 16
	78 ± 8
	77 ± 8
	145 ± 34
	150 ± 46

	 
	DAPA (5)
	 
	 
	 
	 
	 
	 
	126 ± 13
	126 ± 13
	76 ± 8
	78 ± 8
	153 ± 48
	143 ± 33

	 
	DAPA (10)
	 
	 
	 
	 
	 
	 
	127 ± 16
	 
	77 ± 8
	 
	148 ± 38
	 

	 
	DAPA (20)
	 
	 
	 
	 
	 
	 
	127 ± 15
	 
	77 ± 8
	 
	149 ± 41
	 

	 
	DAPA (50)
	 
	 
	 
	 
	 
	 
	126 ± 16
	 
	77 ± 9
	 
	153 ± 42
	 

	Matthaei et al[34],  2015
	DAPA (10)
	 
	 
	185.9 ± 123.9
	177.1± 79.7
	46.44± 11.6
	46.4± 11.6
	134.5 ± 12.6
	136.4 ± 14.2
	80.4 ± 9.2
	81.6 ± 7.9
	167.4 ± 43.3
	180.2 ± 43.1

	McMurray et al[31], 2019
	DAPA (10)
	 
	 
	 
	 
	 
	 
	 
	 
	72.5 ± 13.2
	 
	 
	 

	Rosenstock et al[26],  2012
	DAPA (5)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	168.6 +/-52.1
	160.7 +/-47.0 

	 
	DAPA (10)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	164.9 +/-46.3 
	 

	Wilding et al[27],  2014
	DAPA (2.5)
	109.7 (13.4) 
	110.2 (14.5) 
	 
	 
	 
	 
	 
	 
	 
	 
	180 ± 59.4
	171 (57.6)

	 
	DAPA (5/10)1
	109.3 (13.4) 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	185.4 ± 59.4
	 

	 
	DAPA (10)
	109.6 (12.5)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	172.8 ± 54
	 

	Anker et al[15], 2021
	EMPA (10)
	 
	 
	 
	 
	 
	 
	131.8 ± 15.6
	131.9 ± 15.7
	78
	 
	 
	 

	Rosenstock et al[37],  2015
	EMPA (10)
	 
	 
	175.23± 14.2
	158.5± 7.97
	46.1 ± 0.77
	46 ± 0.77
	132.4 ± 15.5
	133.9 ± 16.3
	78.4 ± 9.2
	78.6 ± 10.9
	138.6 ± 52.2
	142.2 ± 46.8

	 
	EMPA (25)
	 
	 
	162.8 ± 0.8
	 
	46.1 ± 0.78
	 
	132.8 ± 15.1
	 
	77.9 ± 10.2
	 
	145.8 ± 25
	 

	Rosenstock et al[38],  2014
	EMPA (10)
	 
	 
	171.7 ± 8.85
	178.9± 12.4
	46.1 ± 0.79
	45.2± 0.77
	134.2 ± 16.4
	132.6 ± 15.8
	79.5 ± 8.5
	78.2 ± 8.8
	158.9 ± 46.8
	151.38 ± 45.72

	 
	EMPA (25)
	 
	 
	169.9 ± 7.08
	 
	46.4 ± 0.77
	 
	132.9 ± 14.2
	 
	78.7 ± 8.5
	 
	149.2 ± 48.6
	 

	Sone et al[36], 2020
	EMPA (10)
	93.3 ± 8.8
	93.8 ± 9.6
	 
	 
	 
	 
	134.2 ± 14.6
	135.7 ± 14.0
	80.1 ± 10.2
	79.6 ± 8.7
	168.8 ± 43.1
	159.1 ± 38.5

	 
	EMPA (25)
	93.1 ± 8.3
	 
	 
	 
	 
	 
	136.3 ± 14.3
	 
	80.0 ± 10.6
	 
	156.1 ± 37.7
	 

	Zinman et al[5], 2015
	EMPA (10)
	104.9
	105.1
	168.4 ± 2.67
	170.7 ±2.53
	44.7 ± 0.25
	44.0 ± 0.24
	134.9 ± 16.8
	135.8 ± 17.2
	76.6 ± 9.8
	76.8 ± 10.1
	 
	 

	 
	EMPA (25)
	104.9
	 
	172.6 ± 2.27
	 
	44.5 ± 0.25
	 
	135.6 ± 17.0
	 
	76.6 ± 9.7
	 
	 
	 


15 mg for 48 wk, 10 for 56 wk.
HDL: High-density lipoprotein; DBP: Diastolic blood pressure; SBP: Systolic blood pressure; SGLT2-I: Sodium-glucose cotransporter 2 inhibitor.


Table 4 Baseline data for HbA1C, BW, and UA
	
	 
	Body weight (kg)
	Hemoglobin A1c (%)
	Uric acid (mg/dL)

	Ref.
	SGLT2-I (daily dose, mg)
	SGLT2-I
	Placebo
	SGLT2-I
	Placebo
	SGLT2-I
	Placebo

	Bailey et al[25], 2013 
	DAPA (2.5)
	84.90 (17.77) 
	87.74 (19.24) 
	7.99 (0.90) 
	8.12 (0.96) 
	 
	 

	 
	DAPA (5)
	84.73 (16.26) 
	 
	8.17 (0.96) 
	 
	 
	 

	 
	DAPA (10)
	86.28 (17.53)
	 
	7.92 (0.82)
	 
	 
	 

	Bailey et al[24], 2015
	DAPA (2.5)
	90.8 (22.8)
	88.8 (19.0) 
	7.92 (0.90)
	7.84 (0.87) 
	5.92 (1.42)
	5.09 (1.32)

	 
	DAPA (5)
	87.6 (17.1)
	 
	7.86 (0.94)
	 
	5.55 (1.44)
	 

	 
	DAPA (10)
	94.2 (18.7)
	 
	8.01 (0.96)
	 
	5.67 (1.44)
	 

	Bolinder et al[33],  2014
	DAPA (10)
	92.1 (14.1)
	90.9 (13.7)
	7.19 (0.44)
	7.16 (0.53)
	 
	 

	Brown et al[35], 2020
	DAPA (10)
	91.58 (14.62)
	91.48 (14.13)
	7.8 (3.17)
	7.66 (3.08)
	 
	 

	Jabbour et al[30], 2014
	DAPA (10)
	91.0 (21.6)
	89.2 (20.9)
	7.9 (0.8)
	8.0 (0.8)
	 
	 

	Kohan et al[28], 2016
	DAPA (2.5)
	 
	 
	8.17 (0.86) 
	8.12 (0.92) 
	 
	 

	 
	DAPA (5)
	 
	 
	8.27 (0.95) 
	 
	 
	 

	 
	DAPA (10)
	 
	 
	8.11 (0.93)
	 
	 
	 

	List et al[39], 2009
	DAPA (2.5)
	90 (20)
	89 (18)
	7.6 (0.7)
	7.9 (0.9)
	5.5 (1.2)
	5.5 (1.4)

	 
	DAPA (5)
	89 (17)
	 
	8.0 (0.9)
	 
	5.2 (1.3)
	 

	 
	DAPA (10)
	86 (17)
	 
	8.0 (0.8)
	 
	5.5 (1.2)
	 

	 
	DAPA (20)
	88 (18)
	 
	7.7 (0.9)
	 
	5.3 (1.3)
	 

	 
	DAPA (50)
	92 (19)
	 
	7.8 (1.0)
	 
	5.6 (1.4)
	 

	Matthaei et al[34],  2015
	DAPA (10)
	88.6 (17.6)
	90.1 (16.2)
	8.08 (0.91)
	8.24 (0.87)
	 
	 

	Rosenstock et al[26],  2012
	DAPA (5)
	87.8 (20.7)
	86.4 (21.3)
	8.40 (1.03)
	8.34 (1.00)
	 
	 

	 
	DAPA (10)
	84.8 (22.2)
	 
	8.37 (0.96)
	 
	 
	 

	Wilding et al[27],  2014
	DAPA (2.5)
	93.0 (16.7) 
	94.5 (19.8) 
	8.46 (0.78) 
	8.47 (0.77) 
	 
	 

	 
	DAPA (5/10)1
	93.3 (17.4) 
	 
	8.62 (0.89) 
	 
	 
	 

	 
	DAPA (10)
	94.5 (16.8)
	 
	8.57 (0.82)
	 
	 
	 

	Anker et al[15], 2021
	EMPA (10)
	 
	 
	 
	 
	 
	 

	Sone et al[36], 2020
	EMPA (10)
	73.3 (11.5)
	74.0 (11.3)
	8.8 (0.7)
	8.7 (0.7)
	 
	 

	 
	EMPA (25)
	72.2 (11.4)
	 
	8.7 (0.7)
	 
	 
	 

	Rosenstock et al[37],  2015
	EMPA (10)
	91.6 (20.1)
	90.5 (22.5)
	8.3 (0.8)
	8.2 (0.8)
	5.26 (1.71)
	5.5 (2.1)

	 
	EMPA (25)
	94.7 (20.7)
	 
	8.3 (0.8)
	 
	5.63 (2)
	 

	Rosenstock et al[38],  2014
	EMPA (10)
	96.7 (17.9)
	95.5 (17.5)
	8.39 (0.74)
	8.33 (0.72)
	5.48 (2.13)
	5.5 (2.0)

	 
	EMPA (25)
	95.9 (17.3)
	 
	8.29 (0.72)
	 
	5.56 (2.07)
	 

	Zinman et al[5], 2015
	EMPA (10)
	85.9 (18.8)
	86.6 (19.1)
	8.07 (0.86)
	8.08 (0.84)
	5.9
	6

	 
	EMPA (25)
	86.5 (19.0)
	 
	8.06 (0.84)
	 
	5.98
	 


15 for 48 wk, 10 for 56 wk.
SGLT2-I: Sodium-glucose cotransporter 2 inhibitor; BW: Body weight; UA: Uric acid.
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Jabbour 2014 -0.3 07578 223 04 15188 224 118% -0.70[-0.92,-048] 2014 -

Subtotal (95% CI) 686 683 49.3% -0.68[-0.98,-0.38] L 2
Heterogeneity: Tau? = 0.09; Chi*= 28.73, df= 4 (P < 0.00001); = 86%

Testfor overall effect: Z= 4.42 (P < 0.00001)

1.11.3 10mg

Bolinder 2014 -0.3 05412 69 012 05915 71 124% -042[-061,-0.23] 2014 -
Gause-Nilsson 2014 -037 1784 480 -0.18 23464 482 112% -019[-0.45007) 2014 1

Qin 2019 -1.4 02 22 01 04 12 116% -150[1.74,-1.26) 2019 -

Brown 2020 -27 29 32 -222 315 32 17% -048[1.961.00] 2020 —
Sone 2020 -0.89 0.07 86 001 0.07 90 138% -090[-092,-088 2020 -

Subtotal (95% CI) 689 687 50.7% -0.74[-1.13,-0.35] >
Heterogeneity: Tau®= 0.16; Chi*= 76.81, df = 4 (P < 0.00001); = 95%

Testfor overall effect: Z= 3.69 (P = 0.0002)

Total (95% CI) 1375 1370 100.0% -0.71[-0.92,-0.51] *
Heterogeneity: Tau®= 0.08; Chi*= 415.72, df = 9 (P < 0.00001); F= 98% EEE] 1 3

Testfor overall effect: Z= 6.85 (P < 0.00001)

Test for subaroup differences: Chi*= 0.06, df=1 (P=0.81). F=0%
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image8.png
A

SGLT2i Placebo Mean Difference Mean Difference

Study or Subgroup __ Mean __SD Total Mean __ SD Total Weight IV,Random,95% Cl _Year IV, Random, 95% CI

Rosenstock 2012 135 038 141 289 041 139 17.1% -164[1.73,-158 2012 .

Wilding 2013 099 51806 202 1.83 54939 193  4.9% -282[387,-1.77] 2013

Bailey 2013 A4 47942 137 136 49126 137 43% -245[3.61,-1.31] 2013 —_—

Jabbour 2014 2 37888 223 0.2 45568 224 7.3% -220(-2.98,-142] 2014 —_—

Bailey 2014 058 6215 65 -1.34 65195 75 16%  0.76[1.352.87] 2014 —

Bolinder 2014 454 37048 69 -212 35011 71 40% -2.421363,-1.21] 2014 _—

Gause-Nilsson 2014 -335 6.8015 480 -0.62 7.0382 482 63% -273[3.60,-186] 2014 _—

McMurray 2019 088 386 2373 01 400 2371 156% -0.98[1.21,-0.75 2019 -

Sone 2020 156 025 86 022 024 90 17.2% -1.78[1.85,-1.71] 2020 -

Brown 2020 427 25 32 -05 219 34 44% -377[4.91,-263 2020

Anker 2021 138 009 2097 -011 009 2891 17.4% -1.28[1.28,-128] 2021 .

Total (95% CI) 6805 6807 100.0% -1.79[-2.07,-151] *

Heterogeneity: Tau*= 0.11; Chi*= 200.77, df = 10 (P < 0.00001); = 7% + 3 B 1 ¥

Testfor overall effect Z=12.72 (P < 0.00001) Favours SGLTAI Favours Placebo
B . _ .

SGLT2i Placebo Mean Difference Mean Difference

Studyor Subgroup __ Mean __SD Total Mean __ SD Total Weight IV,Random, 95% Cl Year IV, Random, 95% CI

1.15.1Type of SGLT2i - Empagiiflozin

Sone 2020 0 o 0 o 0 0 Not estimable 2020

Anker 2021 0 o 0 0 0 0 Mot estimable 2021

Subtotal (95% CI) 0 0 Not estimable

Heterogeneity: Not applicable

Testfor overall effect: Not applicable

1.15.2 Type of SGLT2i - Dapaglifiozin

Rosenstock 2012 135 038 141 280 041 138 180% -1.64[1.73,-1.56 2012 .

Wilding 2013 099 51806 202 183 54939 193 08% -282[387,-1.77) 2013 —_—

Bailey 2013 A4 47942 137 136 49126 137 9.0% -245[3.61,-1.31] 2013 —_—

Bailey 2014 058 6215 65 -134 65195 75  41%  0.76(1.35,287] 2014 —_—t

Bolinder 2014 454 37048 69 -212 35011 71 BE% -2.42[3.63,-121] 2014 _—

Gause-Nilsson 2014 -335 6.8015 480 -0.62 7.0392 482 115% -2.73[-3.60,-186] 2014 —

Jabbour 2014 -2 37888 223 0.2 45568 224 124% -220(2.98,-142] 2014 —_—

Mehurray 2019 088 386 2373 04 409 2371 17.4% -098[1.21,-0.75] 2019 -

Brown 2020 427 25 32 -05 219 34 91% -377[491,-263 2020 ———

Subtotal (95% CI) 3722 100.0%  -2.07[-256,-1.58] 4

Heterogeneity: Tau?= 0.34; Chi= 66.04, df= 8 (P < 0.00001);

Testfor overall effect Z=8.33 (P < 0.00001)

Total (95% CI) 3722 3726 100.0% -2.07[-2.56,-1.58] >

Heterogeneity: Tau?= 0.34; Chi¥= 66.04, df= 8 (P < 0.00001); = 88% " 3 § 3 1

Testfor overall effect 7= 8.33 (P < 0.00001) Favours SGLT2i Favours Placebo

Testfor subaroup differences: Not applicable
c SGLT21 Placebo Mean Difference Mean Difference

Study or Subgroup __ Mean __SD Total Mean __SD Total Weight IV,Random,95% Cl _Year IV, Random, 95% CI

1.9.12.5mg

Bailey 2013 A4 47942 137 136 49126 137 43% -246[3.61,-1.31] 2013

Wilding 2013 099 51806 202 183 54939 193  4.9% -282[387,-1.77] 2013 —_—

Bailey 2014 058 5215 65 -1.34 65195 75 16%  0.76[1.35287 2014 —

Subtotal (95% CI) 404 405 10.8% -1.76[-3.43,-0.09] e

Heterogeneity: Tau?= 1.64; Chi*= 9.05, df= 2 (P = 0.01); F= 78%

Testfor overall effect: Z= 2.07 (P = 0.04)

1.9.2 5mg

Rosenstock 2012 135 038 141 289 041 139 17.1% -1.64[1.73,-1.56 2012 .

Subtotal (95% CI) 141 139 17.1% -164[-1.73,-155] [

Heterogeneity: Not applicable

Testfor overall effect: Z = 34.70 (P < 0.00001)

1.9.3 10mg

Bolinder 2014 454 37048 69 -212 35011 71 40% -2.42[3.63,-121] 2014 —_—

Gause-Nilsson 2014 -335 6.8015 480 -0.62 7.0392 482 63% -2.73[3.60,-186 2014 —_—

Jabbour 2014 -2 37888 223 0.2 45568 224 7.3% -220(-2.98,-142] 2014 —

Mchurray 2018 088 386 2373 01 400 2371 156% -0.98[1.21,-0.75] 2018 -

Brown 2020 427 25 32 -05 219 34 44% -377[481,-283) 2020 ———

Sone 2020 56 025 86 022 024 90 17.2% -1.78[1.85,-1.71] 2020 .

Anker 2021 4139 009 2007 -041  0.08 2091 17.4% -128[1.28,-1.28 2021 .

Subtotal (95% CI) 6260 6263 722% -1.80[-2.15,-1.45] *

Heterogeneity: Tau?= 0.13; Chi*= 226.73, df= 6 (P < 0.00001); F = 97%

Testfor overall effect: 2= 10.19 (P < 0.00001)

Total (95% CI) 6805 6807 100.0% -1.79[-2.07,-151] *

Heterogeneity: Tau?= 0.11; Chi*= 200.77, df= 10 (P < 0.00001); F= 7% a— 5 1 1

Testfor overall effect: 7= 12.72 (P < 0.00001) Favours SGLT2i Favours Placebo

Testfor subaroup differences: Chi*= 0.78, df= 2 (P = 0.68). F= 0%
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image9.png
A

SGLT2i Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
List 2009 -1.03 0.81 59 -0.16 75 54 0.3% -087F288,114] 2008 [
Rosenstock 2014 -0.39 16 186 02 136 188 8.1% -0591-0.89,-0.29] 2014 —
Bailey 2014 -1.11 1.8968 65 -1.34 65185 75 04% 02311.32,1.78] 2014
Jabbour 2014 -0.76 0.07 223 01 007 224 38.3% -0.86[0.87,-0.85 2014 L]
Rosenstock 2015 526 1.71 189 81 01 170 11.4% -2.84[3.10,-2.58] 2015 ¢
Anker 2021 08 003 2097 -01 003 2991 385% -0.80 [0.80,-0.80] 2021 L]
Total (95% CI) 3699 3702 100.0% -1.03[-1.14,-0.93] *
Heterogeneity: Tau*= 0.01; Chi*= 324.10, df= 5 (P < 0.00001); F = 98% % + & 1
Test for overall effect: Z= 19.56 (P < 0.00001) Favours SGLT2i Favours Placebo

B ) ;

SGLT2i Placebo Mean Difference Mean Difference
Study or Subgroup _ Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.14.1 Type of SGLT2i - Empaglifiozin
Rosenstock 2014 -0.39 16 186 02 136 188 16.8% -0.59[0.89,-0.29] 2014 -
Rosenstock 2015 -0.08 116 169 002 114 170 171% -0.10[0.34,014] 2015 -
Anker 2021 -0.09 003 2097 -01 003 2091 17.7% 0.01(0.01,0.01] 2021
Subtotal (95% C1) 3352 3349 516% -0.20[-0.51,0.12] *
Heterogeneity: Tau®= 0.07; Ch* = 16.03, df= 2 (P = 0.0003); F= 88%
Test for overall effect Z=1.23 (P=0.22)
1.14.2 Type of SGLT2i - Dapagliflozin
List 2008 -1.03 081 59 55 14 54 159% -653[6.96,-6.10] 2008 —*
Bailey 2014 -1.1 19371 65 509 132 75 148% -6.19[6.75-563 2014 ——
Jabbour 2014 -0.76 007 223 01 007 224 177% -0.86[0.87,-0.85] 2014 -
Subtotal (95% CI) 347 353 48.4% -4.52[.8.96,-0.08] N ——
Heterogeneity: Tau®= 15,35, Chi*= 102740, df= 2 (P < 0.00001); F=100%
Test for overall effect: Z=2.00 (P = 0.05)
Total (95% CI) 3699 3702 100.0% -2.22[-2.75,-1.69] L 2
Heterogeneity: Tau®= 0.41; Chi*= 18415.43, df= 5 (P < 0.00001); F= 100% VI T
Test for overall eﬂec} Z=18.26 (P <0.00001) Favours SGLT2i Favours Placebo
Testfor subaroup differences: Chi*= 3.62, df=1 (P =0.06), F=72.4%

C ) ’

SGLT2i Placebo Mean Difference Mean Difference
Study or Subgroup _Mean SD_Total Mean SD_Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.10.12.5mg
List 2009 -1.03 0.81 59 -0.16 75 54 104% -087[-2.88,1.14] 2008 —
Bailey 2014 -1.11 1.8968 B5 -1.34 65185 75 128% 0.23[1.32,1.78] 2014 I
Subtotal (95% CI) 124 129 23.3%  -0.18[-1.40, 1.05] R sl
Heterogeneity: Tau?= 0.00; Chi*= 0.72, df= 1 (P = 0.40), F= 0%
Testfor overall effect: Z=0.29 (P= 0.78)
1.10.3 10mg
Jabbour 2014 -0.76 7 223 0.1 007 224 168% -0.86[1.78,0.06] 2014 —
Rosenstock 2014 -0.39 16 186 02 1.36 188 19.8% -059[-0.89,-0.29] 2014 -
Rosenstock 2015 526 1.71 169 8.1 01 170 18.8% -2843.10,-258] 2015 -
Anker 2021 -0.9 0.03 2997 -01 003 2991 20.2% -0.80[-0.80,-0.80] 2021 -
Subtotal (95% Cl) 3575 3573 76.7% -1.29[-2.36,-0.21] e
Heterogeneity: Tau®= 1.14; Chi*= 241.58, df= 3 (P < 0.00001); F= 99%
Test for overall effect: Z=2.35 (P = 0.02)
Total (95% CI) 3699 3702 100.0% -1.05[-1.98,-0.12] -
Heterogeneity: Tau®= 1.11; Chi*= 243.30, df= 5 (P < 0.00001); F= 98%

Test for overall effect: Z=2.21 (P = 0.03)

Test for subaroun differences: Chi*=1.78, df=1 (P =0.18), F= 43.8%
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