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                         ORIGINAL ARTICLE     

 A novel approach to control hyperglycemia in type 2 diabetes: 
Sodium glucose co-transport (SGLT) inhibitors. Systematic review 
and meta-analysis of randomized trials      

    GIOVANNI     MUSSO  1  ,       ROBERTO     GAMBINO  2  ,       MAURIZIO     CASSADER  2   
 &        GIANFRANCO     PAGANO  2    

  1  Gradenigo Hospital, Turin, Italy, and   2  Department of Internal Medicine, University of Turin, Italy                              

 Abstract 
  Background.  Current treatment of hyperglycemia in type 2 diabetes (T2DM) is often ineffective and has unwanted effects. 
Therefore, novel antidiabetic drugs are under development.   
  Objective.  To assess effi cacy and safety of the new antidiabetic drugs sodium glucose co-transport-2 (SGLT2) inhibitors 
in T2DM.   
  Design and setting.  Among 151 articles published on MEDLINE, Cochrane Library, EMBASE, PubMed, International 
meeting abstracts through December 2010, 13 randomized placebo-controlled trials (RCT) were included.   
  Measurements.  Two reviewers retrieved articles and evaluated study quality by appropriate scores. Main outcomes were 
pooled using random- or fi xed-effects models.   
  Results.  Dapaglifl ozin signifi cantly reduced HbA1c (weighted mean difference (WMD) –0.52%; 95% CI –0.46, –0.57%; 
 P   �  0.00001) fasting plasma glucose (WMD –18.28 mg/dL; 95% CI –20.66, –15.89;  P   �  0.00001), body mass index 
(WMD –1.17%; –1.41, –0.92%;  P   �  0.00001), systolic (WMD –4.08 mmHg; –4.91, –3.24), and diastolic (WMD –1.16 
mmHg; –1.67, –0.66) blood pressure, and serum uric acid (WMD –41.50  μ mol/L; –47.22, –35.79). Other SGLT2 
inhibitors showed similar results. Dapaglifl ozin treatment increased the risk of urinary (OR 1.34; 1.05 – 1.71) and genital 
(OR 3.57; 2.59 – 4.93) tract infection; it also mildly increased the risk of hypoglycemia (OR 1.27; 1.05 – 1.53) when 
co-administered with insulin.   
  Limitations.  Limitations of the literature include the small number, size, and duration of RCTs.   
  Conclusions.  Pending confi rmation from larger RCTs, this analysis shows SGLT2 inhibitors are safe and effective for 
hyperglycemia treatment in T2DM.   

 Key words:   BI 10773  ,   canaglifl ozin  ,   dapaglifl ozin  ,   diabetes  ,   diabetes treatment  ,   hyperglycemia  ,   LX4211  ,   meta-analysis  ,   renal 
glucose transporters  ,   sodium glucose co-transport-2 (SGLT2) inhibitors 

                  Introduction 

 The chronic hyperglycemia of diabetes is associated 
with long-term damage, dysfunction, and failure of 
different organs, including eyes, kidneys, nerves, 
heart, and blood vessels, through mechanisms col-
lectively called  ‘ glucotoxicity ’  (1). Hyperglycemia is 
considered a major risk factor for microvascular 
complications in both type 1 and type 2 diabetes, 
and its reduction is defi nitely associated with delayed 
retinopathy and kidney disease progression (2,3). 
Less evidence is available regarding vascular glucose 

toxicity (4) and related macrovascular complications 
that confer a higher risk of cardiovascular disease, 
premature death, and cardiac failure in type 2 dia-
betes (T2DM) (5). In prospective epidemiological 
studies, the incidence of many of these outcomes is 
directly associated with the degree of hyperglycemia, 
as assessed by plasma glucose or glycated hemoglobin 
(HbA1c), the latter refl ecting mean blood glucose 
level during the previous 2 – 3 months. According to 
the United Kingdom Prospective Diabetes Study 
(UKPDS), a 1% increase in HbA1c is associated 
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with an 18% increase in the risk of cardiovascular 
events and with a 12% – 14% increased mortality (2). 
Similar data were reported in a meta-analysis of 
13 observational studies (6). 

 In line with these data, the American Diabetes 
Association (ADA) and the European Association 
for the Study of Diabetes (EASD) recommended 
initial treatment with metformin plus life-style 
changes at the time of diagnosis of T2DM and sub-
sequent timely augmentation of therapy with addi-
tional agents (including early initiation of insulin 
therapy) to achieve and maintain recommended 
levels of glycemic control (i.e. HbA1c  �  7%) (7). 
However, the achievement and maintenance of 
these goals may be at the same time diffi cult and 
hazardous with available treatments: in the UKPDS 
only 25% of patients maintained adequate glycemic 
control after 9 years, while in the Action to Control 
Cardiovascular Risk in Diabetes (ACCORD) study 
mortality increased when normoglycemia was 
pursued with combination pharmacological therapy 

(8,9). Collectively, these data highlight the need for 
more effective and safer treatment modalities for 
T2DM. Recently, a new class of drugs, the inhibitors 
of sodium glucose co-transporters (SGLTs), has 
been evaluated in randomized controlled trials 
(RCTs) (10). SGLTs are a family of active sodium-
dependent membrane transport proteins that accom-
plish the reabsorption of more than 99% of the 
plasma glucose that fi lters through the renal glom-
erulus. Two types of SGLTs have been characterized: 
the low-capacity, high-affi nity SGLT, responsible for 
most of intestinal glucose absorption and for approx-
imately 10% of renal glucose reabsorption, and 
the high-capacity, low-affi nity transporter SGLT2, 
located in the proximal segment of the renal proxi-
mal tubule, responsible for nearly 90% of the active 
renal glucose reabsorption (11). Most compounds 
of this class selectively inhibit SGLT2 and reduce 
plasma glucose by enhancing renal glycosuria. 
Importantly, the magnitude of glycosuria induced by 
SGLT2 inhibition depends on the amount of fi ltered 
glucose load, which is a function of plasma glucose 
concentration; therefore, blood glucose levels cannot 
be lowered below physiological levels, and the risk 
of hypoglycemia is theoretically absent with these 
drugs. Consistent with this hypothesis, subjects 
affected by familial renal glycosuria, a spontaneous 
loss-of-function mutation of the SGLT2 gene, have 
renal glycosuria in the range of range 1 – 150 g/1.73 
m 2  per day, are healthy, normoglycemic, with normal 
kidney function and no increased risk of hypogly-
cemia or severe hypovolemia (12). Based on these 
observations and on the evidence for enhanced renal 
SGLUT2 expression and glucose reabsorption in 
T2DM patients (13,14), SGLT2 inhibition was pro-
posed as a safe and effective antidiabetic treatment 
option (14). Current SGLT2 inhibitors represent an 

  Key messages    

 Sodium glucose co-transport-2 (SGLT2)   •
inhibitors are a new class of oral antidiabetic 
drugs that lower plasma glucose by enhancing 
renal glucose excretion. Available randomized 
controlled trials evaluate dapaglifl ozin, cana-
glifl ozin, BI 10773, and LX4211 over periods 
ranging from 2 to 48 weeks.   
 SGLT2 inhibitors effectively reduce HbA1c   •
and fasting plasma glucose values; they also 
reduce body mass index, blood pressure, 
and serum uric acid. With dapaglifl ozin, 
doses exceeding 10 – 20 mg/d do not seem to 
add further benefi t on evaluated outcomes.   
 Overall, the treatment with SGLT2 inhibi-  •
tors was safe, without major adverse events. 
SGLT2 inhibitors yielded a mildly increased 
risk of mild hypoglycemic events, mostly 
when superimposed on background insulin 
therapy, and an increased risk of urinary and 
genital tract infections, the latter signifi -
cantly dose-related.   
 While benefi ts and safety of these drugs   •
await confi rmation in adequately powered 
RCTs of longer duration, possible strategies 
to decrease the risk of side-effects include 
tapering background insulin dose when start-
ing SGLT2 inhibitors, instructing patients 
to report signs/symptoms of urinary/genital 
tract infections, and regularly monitoring 
them for such events.   

 Abbreviations 

 ADA    American Diabetes Association      
  BP    blood pressure   
  EASD    European Association for the Study of Diabetes   
  EOT    end of treatment   
  FPG    fasting plasma glucose   
  GTI    genital tract infection   
  HDL    high-density lipoprotein   
  LDL    low-density lipoprotein   
  OAD    oral antidiabetic drugs   
  PRISMA     Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses   
  RCT    randomized controlled trials   
  SGLT    sodium glucose co-transporter   
  T2DM    type 2 diabetes mellitus   
  UKPDS    United Kingdom Prospective Diabetes Study    
  UTI    urinary tract infection   
 WMD   weighted mean difference 
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evolution of non-selective SGLT inhibitor phlorizin, 
a natural product found in several fruits (particularly 
in the bark of apple trees), which normalized plasma 
glucose and corrected glucotoxicity-induced decline 
in insulin sensitivity and pancreatic  β  cell function 
in animal models of diabetes (15–17). However, sev-
eral shortcomings of phlorizin prevented its clinical 
application: poor intestinal absorption and rapid 
drug degradation by  β  glycosidase, galactose malab-
sorption, and diarrhea, due to SGLT1 inhibition in 
the gastrointestinal tract (11). Following phlorizin, 
other compounds were subsequently developed and 
tested in clinical trials: the selective SGLT2 inhibitors 
dapaglifl ozin, canaglifl ozin, and BI 10773, and 
LX4211, which inhibits both SGLT2 and SGLT1. We 
meta-analyzed available RCTs evaluating the effi cacy 
and safety of this new class of drugs in T2DM.   

 Methods  

 Data sources and searches 

 Databases searched through December 2010 were: 
MEDLINE, Ovid MEDLINE In-Process, Cochrane 
CENTRAL Register of Controlled Trials, Cochrane 
Database of Systematic Reviews, EMBASE, PubMed, 
clinicaltrials.gov, and ADA/EASD meeting abstracts, 
which were subjected to the same assessment as reg-
ular articles. Authors were contacted to verify results 
and methodological quality of retrieved articles.  

  Search terms.  The search terms were: sodium glucose 
co-transport-2 inhibitors, sodium-glucose transport 
inhibitors, SGLT2 inhibitors, dapaglifl ozin, remogli-
fl ozin, serglifl ozin, canaglifl ozin, ASP1941, BI 10773, 
AVE2268, management, therapy, treatment, trial (an 
example of online strategy run is provided in the 
online Supplementary Material).    

 Study selection 

 Inclusion criteria were: English and non-English 
articles with participants aged  � 18 years, of any sex 
or ethnic origin with T2DM. 

 Exclusion criteria were: non-human studies, 
non-randomized trials, letters/case reports, articles 
not reporting outcomes of interest or primary data 
(editorials, reviews). 

 Outcome measures were: primary outcomes 
assessed were the changes from base-line in mean 
HbA1c and fasting plasma glucose (FPG) levels. 
Secondary outcome measures were change in body 
mass index (BMI) and waist circumference, systolic 
and diastolic blood pressure, plasma triglyceride 
and total/high-density (HDL)/low-density (LDL) 
cholesterol, and serum uric acid. Where available, the 

changes in parameters of glucose metabolism (insu-
lin sensitivity and pancreatic  β  cell function) were 
evaluated. As safety measures, serum creatinine and 
electrolyte changes and the rate of hypoglycemic and 
other adverse events were evaluated. All measures 
of dispersion were converted to standard deviations 
(SDs). When standard deviations were not reported, 
estimated base-line and fi nal standard deviations 
were derived from data from other studies with the 
same drug and dose.   

 Data extraction and quality assessment 

 Data were extracted independently and in duplicate 
by two authors (GM, GP) using a predefi ned proto-
col based on the Cochrane Handbook for Systematic 
Reviews of Intervention; discrepancies were resolved 
by mutual discussion. The agreement between the 
two reviewers for selection and validity assessment 
of trials was scored by kappa coeffi cient. 

 The quality of RCTs was assessed by the 
Cochrane Risk-of-Bias Tool, attributing 1 point to 
each item (total score range: 0 – 8) (Table I) (18).   

 Data synthesis and analysis 

 We used WinBUGS 1.4 (WinBUGS 1996 – 2003, 
Imperial College of Science  &  MRC, UK). The 
analysis was reported according to PRISMA guide-
lines (18,19). Treatments were evaluated on an 
intention-to-treat principle. Dichotomous variables 
were presented as odds ratios (OR) with 95% CI, 
continuous variables as weighed mean differences 
(WMD) with 95% CI. The fi xed-effect model was 
used, with signifi cance set at  P   �  0.05. Statistical 
heterogeneity was assessed using the  I  2  statistic: with 
 I  2  values  � 50%, we used a random-effects model 
and explored individual study characteristics and 
those of subgroups of the main body of evidence. 
Sensitivity analysis was performed by removing one 
study at a time and repeating the meta-analysis to 
assess whether any one study signifi cantly affected 
pooled estimates. Additionally, we planned a-priori 
subgroup analysis according to the following criteria: 
duration of diabetes, initial HbA1c levels (  �  8.5% 
versus  � 8.5%), background therapy (life-style inter-
vention versus metformin versus insulin versus other 
oral antidiabetic drugs (OADs)), treatment duration 
( � 12 versus  � 12 weeks), different drugs of the same 
class or different doses of the same drug, and for 
each item of the Cochrane Risk-of-Bias Tool. When 
 � 10 comparisons were available, the effects of dif-
ferent doses of SGLT2 inhibitor, of base-line HbA1c, 
of treatment duration, and of diabetes duration on 
each outcome were assessed by meta-regression. The 
dose variable in the regression equation was treated 
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categorically, with the starting dose coded as the 
base-line amount and each doubling of a drug dose 
was a single increment increase. Publication bias was 
examined using funnel plots.    

 Results 

 The agreement between two reviewers for study 
selection was 0.85 and for quality assessment of tri-
als was 0.86. The fl ow of study selection is reported 
in Figure 1. At the end of selection, 13 RCTs (qual-
ity score ranging 7 – 8), comprising 47 different com-
parisons, were included in the meta-analysis: seven 
RCTs assessed dapaglifl ozin (2,943 participants, 
duration ranging 2 – 48 weeks, daily dose ranging 
2.5 – 100 mg) (20–26); two assessed canaglifl ozin 
(548 participants, trial duration ranging 2 – 12 weeks, 
dose ranging 30 – 600 mg/d) (27,28); three assessed 
BI 10773 (536 participants, trial duration ranging 
8 days – 12 weeks, dose ranging 5 – 100 mg/d) (29-31); 
and one RCT assessed LX4211 (36 participants, 
trial duration 4 weeks, dose ranging 150 – 300 mg/d) 
(32)   (Table I). The median (range) base-line HbA1c 
across the study populations was 8% (6% – 10%), 
and background antidiabetic treatment in the studies 
included: life-style intervention alone in four RCTs, 
metformin or diet in one RCT, OADs in six RCTs 

(in two RCTs OADs were discontinued prior to 
randomization), and insulin with or without OADs 
in two RCTs.  

 Renal glucose excretion 

 Figure 2 plots the relationship of different doses of 
dapaglifl ozin (fi ve RCTs), canaglifl ozin (two RCTs), 
and BI 10773 (two RCTs) with urinary glucose 
excretion measured at the end of RCTs: in all RCTs 
SGLT2 inhibitors maintained a signifi cant glycosuric 
effect; the analysis of dose – response relationship sug-
gests little incremental benefi t with increasing doses 
beyond 10 – 25 mg/d for dapaglifl ozin, 200 – 400 mg/d 
for canaglifl ozin, and 10 – 25 mg/d for BI 10773.   

 HbA1c levels 

 Six RCTs (2,896 participants, duration ranging 
12 – 48 weeks, doses ranging 2.5 – 50 mg) evaluated 
dapaglifl ozin in diabetic patients treated with diet 
alone (20,25), OADs (24,26), and insulin with or with-
out OADs (22,23) (Table I). Compared with pla-
cebo, dapaglifl ozin at all doses signifi cantly improved 
HbA1c (WMD –0.52%; 95% CI 0.46 – 0.57%; 
 P   �  0.00001;  n  comparisons  �  22) (Figure 3A). The 
effect was independent of trial duration, base-line 
HbA1c, and background antidiabetic therapy. There 
was little or no heterogeneity in the meta-analysis 
( I  2   �  14%), suggesting a consistent drug effect. 
HbA1c improvement with dapaglifl ozin 10 mg/d was 
signifi cantly higher than with 2.5 – 5 mg/d ( P   �  0.01 
for all), while higher doses did not improve HbA1c 
further compared with the 10 mg dose ( P   �  0.5 for 
all comparisons). 

 Three RCTs evaluated other SGLT2 inhibitors 
(one canaglifl ozin, one BI 10773, and one LX4211; 
total 895 patients; duration ranging 4 – 12 weeks): 
they all found a signifi cant improvement in HbA1c 
compared to placebo (27,29,32) (Table I; online 
Supplementary Figure 1A – C).   

 Fasting plasma glucose (FPG) 

 Seven RCTs (2,943 participants, duration ranging 
2 – 48 weeks, doses ranging 2.5 – 100 mg) evaluated 
dapaglifl ozin in diabetic patients treated with diet 
alone (20,21,25), OADs (24,26), and insulin with 
or without OADs (22,23) (Table I). Compared 
with placebo, dapaglifl ozin signifi cantly and dose-
independently reduced FPG (WMD -18.28 mg/dL; 
95% CI –20.66, –15.89;  P   �  0.00001;  n  com-
parisons  �  25) (Figure 3B). There was little or 
no heterogeneity in the meta-analysis ( I  2   �  18%), 
suggesting a consistent drug effect. The effect was 
not infl uenced by trial duration and background 

151 studies identified

excluded by specific criteria: 

-109 non-human studies 
-2 letters/case reports 
-5 did not report outcomes of interest 
-18 did not report primary data (editorials,  
  reviews) 

13 RCTs analyzed:

7 with dapagliflozin (2943 participants)

2 with canagliflozin (548 participants)

3 with BI 10773 (536 participants)

1 with LX4211 (36 participants)

2 RCTs with ASP1941 excluded for insuffi
-cient information on outcomes of interest
1 article excluded for overlapping population
with other
RCTs
1 uncontrolled study excluded

unique articles or meeting abstracts that met inclusion criteria:

16 RCTs
1 uncontrolled  study

  Figure 1.     Evidence acquisition fl ow diagram.  
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 Figure 2.     Relationship between different doses of SGLT2 inhibitors and renal glucose excretion at the end of RCTs, expressed as daily 
urinary glucose (g/d) or glu (g)-to-creatinine (g) ratio. A: RCTs with dapaglifl ozin (DAPA); B: RCTs with canaglifl ozin (CANA); and C: 
RCTs with BI 10773.  
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antidiabetic therapy. Funnel plots analysis found no 
strong publication bias. 

 Six RCTs evaluated other SGLT2 inhibitors (two 
canaglifl ozin, three BI 10773, and one LX4211; total 
1,120 patients, duration ranging 1 – 12 weeks) (27–32), 
fi nding a signifi cant improvement in FPG com-
pared to placebo. For canaglifl ozin and BI 10773, the 
improvement was signifi cant only with doses  � 30 
and 2.5 mg/d, respectively, without dose-dependency 
(Table I; online Supplementary Figure 2A – C).   

 Body mass index (BMI) and waist circumference 

 Compared to placebo, dapaglifl ozin induced a modest 
but signifi cant BMI reduction (WMD –1.17%; 95% 

CI –1.41, –0.92;  P   �  0.00001;  n  comparisons  �  7; 
 I  2   �  90%) (Figure 3C). Heterogeneity was not depen-
dent on different doses or background treatment but 
was abated after exclusion of the RCT with the short-
est duration (2 weeks) (21): WMD –1.54%; 95% CI 
–1.81, –1.28;  P   �  0.00001;  n  comparisons  �  25; 
 I  2   �  30%. There was no signifi cant difference in 
BMI reduction among different doses ( P   �  0.4 for 
all comparisons). 

 Two RCTs with canaglifl ozin and one RCT 
with BI 10773 found similar results (27–29) (online 
Supplementary Figure 3A – B). 

 Only two RCTs (20,24) assessed the effect of dapa-
glifl ozin on indexes of abdominal obesity, fi nding a 
small but signifi cant waist circumference reduction 
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Ferrannini (evening) 2010
Ferrannini (morning) 2010
List 2009
Bailey 2010
Wilding 2010
Strojek 2010
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 4.35, df = 5 (P = 0.50); I² = 0%
Test for overall effect: Z = 9.47 (P < 0.00001)

2.1.2 DAPA 5 mg

Ferrannini (evening) 2010
Ferrannini (morning) 2010
List 2009
Bailey 2010
Wilding 2010
Strojek 2010
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 1.37, df = 5 (P = 0.93); I² = 0%
Test for overall effect: Z = 11.06 (P < 0.00001)

2.1.3 DAPA 10 mg

Wilding 2009
Ferrannini (morning) 2010
Ferrannini (evening) 2010
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Bailey 2010
Wilding 2010
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Subtotal (95% CI)
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 Figure 3.     A: Forest plot of comparison: dapaglifl ozin (DAPA), outcome: HbA1c changes from base-line (%). B: Forest plot of comparison: 
dapaglifl ozin (DAPA), outcome: FPG changes (mg/dL). C: Forest plot of comparison: dapaglifl ozin (DAPA), outcome: weight changes 
from base-line (%).  
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compared to placebo (WMD –1.20 cm; 95% CI –2.00, 
–0.43;  P   �  0.004;  n  comparisons  �  7;  I  2   �  0%).   

 Blood pressure (BP) 

 Compared to placebo, dapaglifl ozin induced a 
signifi cant reduction in systolic BP at all doses 

(WMD –4.08 mmHg; 95% CI –4.91, –3.24; 
 P   �  0.00001;  n  comparisons  �  22;  I  2   �  0%) 
(Figure 4A). There was no signifi cant difference 
in systolic BP reduction among different doses 
( P   �  0.1 for all comparisons). Diastolic BP was 
also modestly reduced (WMD –1.16 mmHg; 95% 
CI –1.67, –0.66;  P   �  0.00001;  n  comparisons  �  7; 

Study or Subgroup

2.2.1 DAPA 2.5 mg

Strojek 2010
Ferrannini (morning) 2010
Ferrannini (evening) 2010
Wilding 2010
List 2009
Bailey 2010
Subtotal (95% CI)

Heterogeneity: Tau² = 24.22; Chi² = 9.73, df = 5 (P = 0.08); I² = 49%
Test for overall effect: Z = 5.25 (P < 0.00001)

2.2.2 DAPA 5 mg

Komoroski 2009
Strojek 2010
Ferrannini (morning) 2010
Ferrannini (evening) 2010
Wilding 2010
List 2009
Bailey 2010
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 4.76, df = 6 (P = 0.58); I² = 0%
Test for overall effect: Z = 8.51 (P < 0.00001)

2.2.3 DAPA 10 mg

Wilding 2009
Strojek 2010
Ferrannini (evening) 2010
Ferrannini (morning) 2010
Wilding 2010
List 2009
Bailey 2010
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 5.50, df = 6 (P = 0.48); I² = 0%
Test for overall effect: Z = 9.71 (P < 0.00001)

2.2.4 DAPA 20 mg

Wilding 2009
List 2009
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 0.58, df = 1 (P = 0.45); I² = 0%
Test for overall effect: Z = 4.80 (P < 0.00001)

2.2.5 DAPA 25 mg

Komoroski 2009
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: Z = 1.57 (P = 0.12)

2.2.6 DAPA 50 mg

List 2009
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: Z = 5.96 (P < 0.00001)

2.2.7 DAPA 100 mg

Komoroski 2009
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: Z = 3.67 (P = 0.0002)

Total (95% CI)

Heterogeneity: Tau² = 6.58; Chi² = 29.44, df = 24 (P = 0.20); I² = 18%
Test for overall effect: Z = 15.03 (P < 0.00001)

Mean

-37.5
-15.2
-25.6

-17
-16
-18

-18.8
-32

-24.1
-27.3
-20.8

-19
-21

2.4
-34.9
-29.6
-28.8
-21.5

-21
-23

-9.6
-24

-28.8

-31

-38.7

SD

58
34
34
48
23
32

33
58
34
35
48
23
32

39.8
56
35
33
47
27
32

39.8
23

36

22

20

Total

154
65
67

202
59

137
684

11
142
64
68

211
58

137
691

24
151
76
70

194
47

135
697

24
59
83

12
12

56
56

16
16

2239

Mean

-6
-4.1
-4.1
-4.4

-6
-6

-10
-6

-4.1
-4.1
-4.4

-6
-6

17.8
-6

-4.1
-4.1
-4.4

-6
-6

17.8
-6

-10

-6

-10

SD

60
34
34
57
22
31

17
60
34
34
57
22
31

40
60
34
34
57
22
31

40
22

17

22

17

Total

145
75
75

193
54

137
679

8
145

75
75

193
54

137
687

23
145

75
75

193
54

137
702

23
54
77

8
8

54
54

8
8

2215

Weight

2.8%
3.7%
3.8%
4.2%
6.0%
7.0%

27.6%

1.0%
2.7%
3.7%
3.7%
4.3%
6.0%
7.0%

28.4%

1.0%
2.8%
3.9%
3.9%
4.2%
4.8%
7.0%

27.7%

1.0%
6.0%
7.1%

1.0%
1.0%

6.1%
6.1%

2.2%
2.2%

100.0%

-31.50 [-44.89, -18.11]
-11.10 [-22.39, 0.19]

-21.50 [-32.70, -10.30]
-12.60 [-23.02, -2.18]
-10.00 [-18.30, -1.70]
-12.00 [-19.46, -4.54]
-15.32 [-21.03, -9.60]

-8.80 [-31.58, 13.98]
-26.00 [-39.65, -12.35]
-20.00 [-31.34, -8.66]

-23.20 [-34.53, -11.87]
-16.40 [-26.73, -6.07]
-13.00 [-21.33, -4.67]
-15.00 [-22.46, -7.54]

-17.08 [-21.01, -13.14]

-15.40 [-38.22, 7.42]
-28.90 [-42.13, -15.67]
-25.50 [-36.51, -14.49]
-24.70 [-35.61, -13.79]
-17.10 [-27.51, -6.69]
-15.00 [-24.70, -5.30]
-17.00 [-24.49, -9.51]

-19.89 [-23.91, -15.88]

-27.40 [-50.22, -4.58]
-18.00 [-26.30, -9.70]

-19.10 [-26.90, -11.30]

-18.80 [-42.33, 4.73]
-18.80 [-42.33, 4.73]

-25.00 [-33.22, -16.78]
-25.00 [-33.22, -16.78]

-28.70 [-44.02, -13.38]
-28.70 [-44.02, -13.38]

-18.28 [-20.66, -15.89]
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IV, Random, 95% CI

Mean Difference Mean Difference

IV, Random, 95% CI
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Favours DAPA Favours placebo

B

Figure 3. (Continued).
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 I  2   �  0%) (Figure 4B). These effects were not asso-
ciated with an increased incidence of orthostatic 
hypotension (not shown). 

 In one RCT, 29.5% – 37.5% of hypertensive 
patients with uncontrolled BP at base-line achieved 
a BP  �  130/80 at end of treatment (EOT) with 
dapaglifl ozin, compared with 8.8% of patients on 
placebo ( P   �  0.007 for all doses) (24).   

 Effect on serum uric acid level 

 Compared with placebo, dapaglifl ozin signifi cantly 
reduced serum uric acid (WMD –41.50; 95% CI 
–47.22, –35.79  μ mol/L;  P   �  0.00001;  n  comparisons 
 �  14;  I  2   �  50%) (Figure 5). There was no signifi cant 
difference in serum uric acid reduction among 
different doses ( P   �  0.3 for all comparisons).   

Study or Subgroup

2.3.1 DAPA 2.5 mg

Ferrannini (morning) 2010
Ferrannini (evening) 2010
List 2009
Wilding 2010
Bailey 2010
Strojek 2010
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 4.97, df = 5 (P = 0.42); I² = 0%
Test for overall effect: Z = 5.91 (P < 0.00001)

2.3.2 DAPA 5 mg

Ferrannini (morning) 2010
Ferrannini (evening) 2010
List 2009
Wilding 2010
Strojek 2010
Bailey 2010
Komoroski 2009
Subtotal (95% CI)

Heterogeneity: Tau² = 1.11; Chi² = 62.68, df = 6 (P < 0.00001); I² = 90%
Test for overall effect: Z = 2.63 (P = 0.009)

2.3.3 DAPA 10 mg

Wilding 2009
Ferrannini (morning) 2010
List 2009
Ferrannini (evening) 2010
Wilding 2010
Bailey 2010
Strojek 2010
Subtotal (95% CI)

Heterogeneity: Tau² = 0.07; Chi² = 7.63, df = 6 (P = 0.27); I² = 21%
Test for overall effect: Z = 8.15 (P < 0.00001)

2.3.4 DAPA 20 mg

Wilding 2009
List 2009
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 0.02, df = 1 (P = 0.89); I² = 0%
Test for overall effect: Z = 5.10 (P < 0.00001)

2.3.5 DAPA 25 mg

Komoroski 2009
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)

2.3.6 DAPA 50 mg

List 2009
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: Z = 3.90 (P < 0.0001)

2.3.7 DAPA 100 mg

Komoroski 2009
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)

Total (95% CI)

Heterogeneity: Tau² = 0.19; Chi² = 232.79, df = 24 (P < 0.00001); I² = 90%
Test for overall effect: Z = 9.33 (P < 0.00001)

Mean

-3.63
-4.3
-2.7

-1.18
-2.59
-1.44

-3.2
-4

-2.5
-1.29
-1.93
-3.54

0.1

-4.38
-3.4
-2.7

-3.37
-1.9

-3.36
-2.8

-4.21
-3.4

0.1

-3.4

0.1

SD

4.03
4.09
2.92
3.93
3.52
3.33

4
4.12
2.97
3.86
3.38
3.18
0.1

2.43
4.18
3.02
3.49
3.85
3.09
3.35

2.45
2.99

0.1

2.92

0.1

Total

65
67
59

202
137
154
684

64
68
58

211
142
137
11

691

24
70
47
76

194
135
151
697

24
59
83

12
12

56
56

16
16

2239

Mean

-2.48
-2.48
-1.2
-0.2

-1.03
-0.89

-2.48
-2.48
-1.2
-0.2

-0.89
-1.03

0.1

-1.88
-2.48
-1.2

-2.48
-0.2

-1.03
-0.89

-1.88
-1.2

0.1

-1.2

0.1

SD

3.46
3.46
2.99
4.43
3.4

3.42

3.46
3.46
2.99
4.43
3.42
3.4
0.1

2.41
3.46
2.99
3.46
4.43
3.4

3.42

2.41
2.99

0.1

2.99

0.1

Total

75
75
54

193
137
145
679

75
75
54

193
145
137

8
687

23
75
54
75

193
137
145
702

23
54
77

8
8

54
54

8
8

2215

Weight

2.6%
2.6%
3.1%
4.2%
4.3%
4.6%

21.4%

2.6%
2.6%
3.1%
4.3%
4.5%
4.5%
8.1%

29.7%

2.3%
2.6%
2.8%
3.1%
4.2%
4.5%
4.5%

24.1%

2.3%
3.1%
5.3%

8.1%
8.1%

3.1%
3.1%

8.2%
8.2%

100.0%

-1.15 [-2.40, 0.10]
-1.82 [-3.07, -0.57]
-1.50 [-2.59, -0.41]
-0.98 [-1.81, -0.15]
-1.56 [-2.38, -0.74]
-0.55 [-1.32, 0.22]

-1.16 [-1.54, -0.77]

-0.72 [-1.97, 0.53]
-1.52 [-2.77, -0.27]
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-2.33 [-3.10, -1.56]
-1.91 [-2.68, -1.14]
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-2.33 [-3.72, -0.94]
-2.20 [-3.30, -1.10]
-2.25 [-3.11, -1.39]

0.00 [-0.09, 0.09]
0.00 [-0.09, 0.09]

-2.20 [-3.30, -1.10]
-2.20 [-3.30, -1.10]

0.00 [-0.08, 0.08]
0.00 [-0.08, 0.08]

-1.17 [-1.41, -0.92]

DAPA placebo Mean Difference
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Mean Difference
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  β  Cell function 

 Two RCTs (548 participants; duration of 2 and 
12 weeks) evaluated the effect of canaglifl ozin on  β  cell 
function, fi nding a signifi cant improvement with doses 
 � 100 mg/d (27,28) (online Supplementary Figure 4).   

 Plasma lipids 

 Three RCTs (891 participants; duration 12 – 24 
weeks) evaluated the effect of dapaglifl ozin on fast-
ing plasma lipids, fi nding a marginally signifi cant 
improvement in HDL-C, but not in triglyceride, 

Study or Subgroup

2.5.1 DAPA 2.5 mg

Bailey 2010
Ferrannini (evening) 2010
Ferrannini (morning) 2010
List 2009
Strojek 2010
Wilding 2010
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 2.99, df = 5 (P = 0.70); I² = 0%
Test for overall effect: Z = 4.73 (P < 0.00001)

2.5.2 DAPA 5 mg

Bailey 2010
Ferrannini (evening) 2010
Ferrannini (morning) 2010
List 2009
Strojek 2010
Wilding 2010
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 1.74, df = 5 (P = 0.88); I² = 0%
Test for overall effect: Z = 4.59 (P < 0.00001)

2.5.3 DAPA 10 mg

Bailey 2010
Ferrannini (evening) 2010
Ferrannini (morning) 2010
List 2009
Strojek 2010
Wilding 2009
Wilding 2010
Subtotal (95% CI)

Heterogeneity: Tau² = 0.39; Chi² = 6.57, df = 6 (P = 0.36); I² = 9%
Test for overall effect: Z = 5.60 (P < 0.00001)

2.5.4 DAPA 20 mg

List 2009
Wilding 2009
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 0.02, df = 1 (P = 0.89); I² = 0%
Test for overall effect: Z = 3.26 (P = 0.001)

2.5.6 DAPA 50 mg

List 2009
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: Z = 2.16 (P = 0.03)

Total (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 14.03, df = 21 (P = 0.87); I² = 0%
Test for overall effect: Z = 9.56 (P < 0.00001)

Mean

-2.1
-4

-4.6
-3.1
-4.7
-5.4

-4.3
-5.2
-2.3
-2.9

-4
-3.8

-5.1
-2.3
-3.6
-6.4

-5
-0.7
-5.2

-4.3
-5.5

-2.6

SD

11.9
18.8

14
10.7

14
17

14.3
14
15

12.7
14
16

14.3
12.2

15
11.4

13
12.7
15.4

12.3
8.3

13.1

Total

137
67
65
59

154
202
684

137
68
64
58

142
212
681

135
76
70
47

151
24

196
699

59
24
83

56
56

2203

Mean

-0.2
-0.9
-0.9
2.4

-1.2
-0.2

-0.2
-0.9
-0.9
2.4

-1.2
-0.2

-0.2
-0.9
-0.9
2.4

-1.2
2.1

-0.2

2.4
2.1

2.4

SD

13
15
15

11.1
15
18

13
15
15

11.1
13
18

13
15
15

11.1
11

29.7
18

11.1
29.7

11.1

Total

137
75
75
54

145
197
683

137
75
75
54

145
197
683

137
75
75
54

145
23

197
706

54
23
77

54
54

2203

Weight

8.0%
2.2%
3.0%
4.3%
6.4%
5.9%

29.9%

6.7%
3.1%
2.8%
3.6%
7.1%
6.4%

29.6%

6.6%
3.7%
2.9%
3.6%
9.3%
0.4%
6.4%

32.9%

3.8%
0.4%
4.2%

3.4%
3.4%

100.0%

IV, Random, 95% CI

-1.90 [-4.85, 1.05]
-3.10 [-8.74, 2.54]
-3.70 [-8.51, 1.11]
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 Figure 4.     A: Forest plot of comparison: dapaglifl ozin (DAPA), outcome: sys BP changes (mmHg). B: Forest plot of comparison: 
dapaglifl ozin (DAPA), outcome: dia BP changes (mmHg).  
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total and LDL-cholesterol (22,24,25) (HDL-C 
reported in online Supplemental Figure 5).   

 Hypoglycemia 

 Compared with placebo, dapaglifl ozin was associ-
ated with a higher risk of mild hypoglycemic events 
(OR 1.27; 95% CI 1.05 – 1.53;  P   �  0.01;  n  com-

parisons  �  25;  I  2   �  0%) (Figure 6), not generally 
leading to drug discontinuation. 

 The risk was not related to dose, duration, initial 
HbA1c, initial FPG, changes in HbA1c and FPG, 
and urinary glucose excretion in a meta-regression 
model (all  P  values  �  0.5). Sensitivity analysis 
revealed the risk was not dose-related and was entirely 
and exclusively explained by co-administration of 

Study or Subgroup

2.6.1 DAPA 2.5 mg

Ferrannini (evening) 2010
Ferrannini (morning) 2010
List 2009
Bailey 2010
Strojek 2010
Wilding 2010
Subtotal (95% CI)

Heterogeneity: Tau² = 0.01; Chi² = 5.05, df = 5 (P = 0.41); I² = 1%
Test for overall effect: Z = 1.78 (P = 0.07)

2.6.2 DAPA 5 mg

Ferrannini (morning) 2010
Ferrannini (evening) 2010
List 2009
Strojek 2010
Bailey 2010
Wilding 2010
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 2.77, df = 5 (P = 0.74); I² = 0%
Test for overall effect: Z = 2.89 (P = 0.004)

2.6.3 DAPA 10 mg

Wilding 2009
Ferrannini (morning) 2010
Ferrannini (evening) 2010
List 2009
Bailey 2010
Strojek 2010
Wilding 2010
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 5.60, df = 6 (P = 0.47); I² = 0%
Test for overall effect: Z = 3.09 (P = 0.002)

2.6.4 DAPA 20 mg

Wilding 2009
List 2009
Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 0.07, df = 1 (P = 0.79); I² = 0%
Test for overall effect: Z = 0.80 (P = 0.42)

2.6.6 DAPA 50 mg

List 2009
Subtotal (95% CI)

Heterogeneity: Not applicable
Test for overall effect: Z = 0.15 (P = 0.88)

Total (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 15.01, df = 21 (P = 0.82); I² = 0%
Test for overall effect: Z = 4.50 (P < 0.00001)

Mean

-3.2
-2.8
0.8

-1.8
-1.1
-2.3

-1.7
-2

-0.3
-1.7
-2.5
-3.1

1.3
-2
-1

-2.6
-1.8
-2.8
-2.9

-5.8
-0.5

0.1

SD

9.8
9

6.4
9.82

9
9.9

9
9.1

7
9

8.84
8.7

11.3
9

8.7
7.7

8.84
8

9.8

8.8
7.1

8

Total

67
65
59

137
154
202
684

64
68
58

142
137
212
681

24
70
76
47

135
151
196
699

24
59
83

56
56

2203

Mean

-0.7
-0.7
0.3

-0.1
-1.4
-1.3

-0.7
-0.7
0.3

-1.4
-0.1
-1.3

-4.1
-0.7
-0.7
0.3

-0.1
-1.4
-1.3

-4.1
0.3

0.3

SD

9
9

5.7
7.6

9
9.8

9
9

5.7
9

7.6
9.8

12.9
9
9

5.7
7.6

9
9.8

12.9
5.7

5.7

Total

75
75
54

137
145
197
683

75
75
54

145
137
197
683

23
75
75
54

137
145
197
706

23
54
77

54
54

2203

Weight

2.7%
2.9%
5.1%
5.9%
6.1%
6.8%

29.6%

2.8%
2.9%
4.6%
5.9%
6.7%
7.9%

30.9%

0.5%
3.0%
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0.50 [-1.73, 2.73]

-1.70 [-3.78, 0.38]
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insulin: after excluding the two RCTs with insulin as 
background treatment (22,23) the OR for incident 
hypoglycemia was 1.31 (95% CI 0.93 – 1.86;  P   �  
0.13;  n  comparisons  �  20;  I  2   �  0%). Mild hypogly-
cemic events were particularly frequent (50% – 60% 
of all patients in each arm) when insulin dose was 
not down-titrated at study entry (23). 

 The overall incidence of major hypoglycemic events 
did not exceed 1% and was not signifi cantly increased 
by dapaglifl ozin treatment (not shown). 

 There were too few studies to assess the risk of 
hypoglycemia with other SGLT2 inhibitors.   

 Urinary tract infections (UTIs) 

 Dapaglifl ozin treatment was associated with an 
increased risk of UTI (OR 1.34; 95% CI 1.05 – 1.71; 
 P   �  0.02;  n  comparisons  �  25;  I  2   �  0%) (Figure 7A). 
The risk was not related to dose, duration, initial 

HbA1c, initial FPG, changes in HbA1c and FPG, 
or urinary glucose excretion in a meta-regression 
model (all  P  values  �  0.2). 

 There were two cases of acute pyelonephritis in 
the 2.5 and 5 mg arm in the RCT of longest duration 
(48 weeks) (23), responding to antibiotic therapy 
and not leading to dapaglifl ozin discontinuation.   

 Genital tract infections (GTIs) 

 Dapaglifl ozin treatment was associated with an 
increased, dose-related risk of GTI (OR 3.57; 95% 
CI 2.59 – 4.93;  P   �  0.00001;  n  comparisons  �  25; 
 I  2   �  0%) (Figure 7B). The risk of GTIs was directly 
associated with the dose of dapaglifl ozin (Beta  �  
0.31;  P   �  0.02), but not with duration, initial HbA1c, 
initial FPG, changes in HbA1c and FPG, or urinary 
glucose excretion in a meta-regression model (all 
 P  values  �  0.5).   

Study or Subgroup
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Ferrannini (evening) 2010
Bailey 2010
Subtotal (95% CI)
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  Figure 5.     Forest plot of comparison: dapaglifl ozin (DAPA), outcome: serum uric acid changes ( μ mol/L).  
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 Other side-effects 

 There was no signifi cant alteration in serum crea-
tinine, Na, K, Ca levels with SGLT2 inhibitors. 

The incidence of headache, nasopharyngitis, 
constipation, and diarrhea was not increased 
by SGLT2 inhibitors (online Supplementary 
Figure 6A – D)   

Study or Subgroup
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  Figure 6.     Forest plot of comparison: dapaglifl ozin (DAPA), outcome: incident hypoglycemic episodes.  
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 Discussion 

 Our analysis disclosed a signifi cant benefi t exerted by 
SGLT2 inhibitors on many glycemic and non-glycemic 
metabolic outcomes in T2DM. SGLT2 inhibitors 
represent a substantial paradigm shift in the treatment 

of diabetes, enhancing a phenomenon that has been 
so far considered an unwanted effect of diabetes. 
These drugs consistently improved HbA1c and FPG 
at all doses, with no clear linear dose-response rela-
tionship: in available RCTs, the highest doses did not 
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 Figure 7.     A: Forest plot of comparison: dapaglifl ozin (DAPA), outcome: incident UTI (%). B: Forest plot of comparison: dapaglifl ozin 
(DAPA), outcome: incident GTI (%).  
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further increase renal glucose excretion nor yield 
additional benefi t on glycemic parameters. Several 
studies evaluated the effect of different doses of 
SGLT2 inhibitors on renal glucose excretion in 
diabetic and non-diabetic subjects (21,33–36), 
fi nding a plateau of 40%  – 44% renal tubular glucose 
reabsorption inhibition with dapagliflozin doses 

Study or Subgroup

2.17.1 DAPA 2.5 mg

Bailey 2010
Ferrannini (evening) 2010
Ferrannini (morning) 2010
List 2009
Strojek 2010
Wilding 2010
Subtotal (95% CI)

Total events
Heterogeneity: Chi² = 3.11, df = 5 (P = 0.68); I² = 0%
Test for overall effect: Z = 3.58 (P = 0.0003)

2.17.2 DAPA 5 mg

Bailey 2010
Ferrannini (evening) 2010
Ferrannini (morning) 2010
List 2009
Strojek 2010
Wilding 2010
Subtotal (95% CI)

Total events
Heterogeneity: Chi² = 1.47, df = 5 (P = 0.92); I² = 0%
Test for overall effect: Z = 4.48 (P < 0.00001)

2.17.3 DAPA 10 mg

Bailey 2010
Ferrannini (evening) 2010
Ferrannini (morning) 2010
List 2009
Strojek 2010
Wilding 2009
Wilding 2010
Subtotal (95% CI)

Total events
Heterogeneity: Chi² = 6.61, df = 6 (P = 0.36); I² = 9%
Test for overall effect: Z = 4.46 (P < 0.00001)

2.17.4 DAPA 20 mg

List 2009
Wilding 2009
Subtotal (95% CI)

Total events
Heterogeneity: Chi² = 0.05, df = 1 (P = 0.82); I² = 0%
Test for overall effect: Z = 2.13 (P = 0.03)

2.17.5 DAPA 50 mg

List 2009
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 1.49 (P = 0.14)

Total (95% CI)

Total events
Heterogeneity: Chi² = 12.79, df = 21 (P = 0.92); I² = 0%
Test for overall effect: Z = 7.73 (P < 0.00001)
Test for sub group differences: Not applicable

Events

11
6
5
2
6

13

43

18
3
5
1
9

18

54

12
2
9
1

10
0

21

55

4
5

9

4

4

165

Total

137
67
65
59

154
202
684

137
68
64
58

142
211
680

135
76
70
47

151
24

194
697

59
24
83

56
56

2200

Events

7
1
1
0
1
5

15

7
1
1
0
1
5

15

7
1
1
0
1
1
5

16

0
1

1

0

0

47

Total

137
75
75
54

145
193
679

137
75
75
54

145
193
679

137
75
75
54

145
23

193
702

54
23
77

54
54

2191

Weight

14.1%
1.9%
1.9%
1.1%
2.2%

10.5%
31.5%

13.3%
2.0%
1.9%
1.1%
2.0%

10.4%
30.7%

13.8%
2.1%
1.8%
1.0%
2.1%
3.3%
9.8%

33.9%

1.1%
1.8%
2.8%

1.0%
1.0%

100.0%

1.62 [0.61, 4.31]
7.28 [0.85, 62.11]
6.17 [0.70, 54.22]

4.74 [0.22, 100.96]
5.84 [0.69, 49.10]
2.59 [0.90, 7.40]
2.95 [1.63, 5.32]

2.81 [1.13, 6.96]
3.42 [0.35, 33.64]
6.27 [0.71, 55.15]
2.84 [0.11, 71.31]
9.74 [1.22, 77.95]
3.51 [1.28, 9.64]
3.75 [2.11, 6.69]

1.81 [0.69, 4.75]
2.00 [0.18, 22.54]

10.92 [1.35, 88.59]
3.52 [0.14, 88.39]

10.21 [1.29, 80.83]
0.31 [0.01, 7.91]

4.56 [1.68, 12.37]
3.53 [2.03, 6.14]

8.84 [0.46, 168.11]
5.79 [0.62, 54.01]
6.93 [1.17, 40.97]

9.34 [0.49, 177.83]
9.34 [0.49, 177.83]

3.57 [2.59, 4.93]

DAPA placebo Odds Ratio

M-H, Fixed, 95% CI

Odds Ratio

M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours placebo Favours DAPA

B

Figure 7. (Continued).

 �  20 mg/d. As most RCTs assessed urinary glucose 
excretion at the end of the trial, these fi ndings may 
be explained by the observation that the absolute 
amount of urinary fi ltered glucose load depends on 
plasma glucose levels and therefore tends to decrease 
following improved glycemic control over time 
(Figure 2). 
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 Animal data suggested that the correction of 
chronic hyperglycemia and related glucotoxicity 
may also restore insulin sensitivity in the liver, mus-
cle, and adipose tissue and reduce the decline of 
pancreatic  β  cell viability and function (12,37,38). 
In the few studies evaluating glucose homeostatic 
indices, SGLT2 inhibitors consistently improved 
pancreatic  β  cell function. Further larger RCTs 
are required to confi rm these benefi ts on glucose 
homeostasis as well as the optimal dose range of 
these drugs. 

 The benefi ts of this new class of drugs extend 
beyond glycemic control: SGLT2-treated patients 
experienced modest but signifi cant BMI reduction 
with all doses of SGLT2 inhibitors, regardless of 
background antidiabetic treatment. The mechanisms 
of weight loss are partially understood. Chronic 
administration of phlorizin induces lipolysis in lac-
tating cows (22), and dapaglifl ozin induces reduced 
adiposity in obese rats (39,40). In the RCT by List 
(20), weight loss was more pronounced during 
the initial weeks of treatment, particularly with 
higher dapaglifl ozin doses, while in the remaining 
RCTs all doses induced gradual, progressive weight 
loss. This observation, coupled with a rapid weight 
rebound after discontinuation of higher doses, sug-
gests that osmotic diuresis and fl uid loss may con-
tribute to early weight loss, whereas continued 
gradual weight loss represents fat mass reduction 
induced by glycosuria-mediated steady caloric loss 
(24,25). The insulin-sparing effect of SGLT2 inhib-
itors may also have enhanced weight loss in patients 
on insulin (41). Longer-term clinical and body 
composition studies will help to establish the rela-
tive contribution of diuresis versus adiposity reduc-
tion to overall weight loss and will assess whether 
the visceral or subcutaneous fat compartment is 
primarily involved. 

 The glucose-induced osmotic diuresis caused by 
SGLT2 inhibition may also explain the blood pres-
sure- and uric acid-lowering effect of these drugs. 
Overall, the fl uid loss induced by these drugs was 
safe and did not increase the risk of orthostatic 
hypotension and dizziness or altered renal function 
and serum electrolyte level. The clinical utility of 
these actions was documented in one RCT, where 
the addition of dapaglifl ozin enhanced BP control in 
previously uncontrolled hypertensive patients (24). 

 Dapaglifl ozin treatment was associated with an 
increased risk of hypoglycemia and urinary and 
genital tract infections. However, the risk was con-
fi ned to mild hypoglycemic events and was increased 
only by co-administration of insulin, particularly 
when the study protocol did not schedule early insu-
lin dose down-titration. Urinary and genital tract 
infections were more common with SGLT2 inhibi-

tors, but they were generally mild and responded 
to standard therapy. Mechanisms underlying the 
increased risk of urinary and genital tract infections 
are unclear. The incidence of genital tract infec-
tions was linearly dose-related, while the risk of UTIs 
was not. Enhanced glycosuria may predispose to 
bacterial and mycotic growth. However, 24-h uri-
nary glucose excretion did not linearly increase in 
available RCTs, reaching a plateau with moderate – 
 high doses of SGLT2 inhibitors (Figure 2). A pos-
sible explanation for this discrepancy is that the 
highest doses of SGLT2 inhibitors may cause 
greater glycosuria earlier in the studies, resulting in 
a greater decline in glycemia and in lower renal 
fi ltered glucose load, such that by the end of the 
trials urinary glucose excretion had equalized across 
different dapaglifl ozin dose groups (Figure 2). If 
such was the case, then the excessive incidence of 
GTI would be expected early after the initiation of 
SGLT2 inhibitors.  

 Implications for practice 

 From the data presented above, it can be derived 
that an optimal daily dose of dapaglifl ozin might lie 
between 10 and 20 mg/day, as higher doses would 
not seem to further enhance renal glucose excre-
tion, glycemic or metabolic control, while, con-
versely, they may increase the risk of GTIs. However, 
these fi ndings require confi rmation by larger and 
longer RCTs before they can impact routine clinical 
practice. 

 Regarding side-effects, the risk of mild hypo-
glycemia seems to be slightly increased by co-
administration of insulin, and prompt down-titration 
of total insulin dose may reduce the risk of hypogly-
cemic events; the optimal protocol of insulin dose 
de-escalation needs to be established. 

 Lastly, diabetic patients on SGLT2 inhibitors 
should be instructed to promptly report clinical 
signs and symptoms of UTIs and GTIs to their phy-
sicians; regular active monitoring for such events 
may be warranted in order to prevent more serious 
infections, including pyelonephritis.  

 Open issues and future directions 

 If these data are confi rmed by RCTs of adequate 
power and duration, SGLT2 may represent a 
useful tool for the treatment of diabetic patients, 
both as initial therapy in drug-naive patients and 
as a rescue therapy after failure of OAD and insu-
lin. Its insulin-independent mechanisms of action 
and insulin-sparing properties may also allow 
insulin dose reduction and enhance weight loss in 
obese subjects. 
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 Our analysis highlights the overall short-term 
safety and effi cacy of SGLT2 inhibitors, but these 
drugs need further assessment. In the longest 
(48-wk) RCT, two cases of pyelonephritis were 
observed with dapaglifl ozin (23): whether recurrent 
UTIs may predispose to potentially serious infections 
warrants evaluation in larger RCTs of adequate 
power and duration. These RCTs should also try to 
identify risk factors predisposing to the development 
of UTIs and GTIs. 

 Future RCTs will need to assess whether these 
drugs are equally effective and safe in patients with 
impaired renal function, as available RCTs excluded 
subjects with even mildly impaired renal function. It 
will also be important to assess the effi cacy of these 
drugs in type 1 diabetic subjects, and as a uric acid-
lowering agent in non-diabetic subjects. Finally, the 
effects of SGLT2 inhibitors on whole-body infl am-
mation (only one RCT reported marginally signifi -
cant improvement in CRP with dapaglifl ozin), 
hepatic steatosis (elevated liver enzymes were an 
exclusion criterion in most RCTs), and insulin resis-
tance are also unknown.                        
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