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ABSTRACT
Aims/Introduction: In the present meta-analysis, we aimed to determine the effects of
sodium–glucose cotransporter 2 inhibitor (SGLT-2i) in addition to insulin therapy on car-
diovascular risk factors in type 2 diabetes patients.
Materials and Methods: Randomized controlled trials were identified by searching
the PubMed, Embase and Cochrane Library databases published before September 2017.
The intervention group received SGLT-2i as add-on treatment to insulin therapy, and the
control group received placebos in addition to insulin. We assessed pooled data, including
weighted mean differences and 95% confidence intervals (CIs) using a random-effects
model.
Results: A total of 10 randomized controlled trials (n = 5,159) were eligible. The
weighted mean differences for systolic blood pressure and diastolic blood pressure were
-3.17 mmHg (95% CI -4.53, -1.80, I2 = 0%) and -1.60 mmHg (95% CI -2.52, -0.69,
I2 = 0%) in the intervention groups. Glycosylated hemoglobin, fasting plasma glucose,
postprandial glucose and daily insulin were also lower in the intervention groups, with rel-
ative weighted mean differences of -0.49% (95% CI -0.71, -0.28%, I2 = 92%), -
1.10 mmol/L (95% CI -1.69, -0.51 mmol/L, I2 = 84%), -3.63 mmol/L (95% CI -4.36, -2.89,
I2 = 0%) and -5.42 IU/day (95% CI -8.12, -2.72, I2 = 93%). The transformations of uric acid
and bodyweight were -26.16 lmol/L (95% CI -42.14, -10.17, I2 = 80%) and -2.13 kg
(95% CI -2.66, -1.60, I2 = 83%). The relative risk of hypoglycemia was 1.09 (95% CI 1.02,
1.17, P < 0.01). The relative risks of urinary tract and genital infection were 1.29 (95% CI
1.03, 1.62, P = 0.03) and 5.25 (95% CI 3.55, 7.74, P < 0.01).
Conclusions: The results showed that in the intervention group, greater reductions
were achieved for blood pressure, glucose control, uric acid and bodyweight. This treat-
ment regimen might therefore provide beneficial effects on the occurrence and develop-
ment of cardiovascular events.

INTRODUCTION
Diabetes mellitus is a chronic metabolic disorder that seriously
influences the health, quality of life and life expectancy of
affected patients. One of the most common macrovascularReceived 29 January 2018; revised 9 May 2018; accepted 11 June 2018
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complications of diabetes is coronary atherosclerotic heart dis-
ease. The rate of myocardial infarction and heart failure in dia-
betes patients is far higher than the rate in patients without
diabetes1. Therefore, when choosing therapies for diabetes
patients, we must evaluate whether the treatment will lower the
risk of cardiovascular disease associated with selected antidia-
betic agents, and whether it can improve prognoses in diabetes-
associated cardiovascular disease.
For islets function failure along with the progression of

type 2 diabetes, most patients will require insulin therapy, espe-
cially in the late stage. However, the long-term use of insulin
has side-effects of obesity and sodium retention, which not only
increase the difficulty of glycemic control, but also increase the
risk of metabolic syndrome (hypertension, hyperlipidemia and
hyperuricemia), which increases the occurrence of cardiovascu-
lar events. How to reduce these side-effects of insulin therapy is
a realistic question.
Sodium–glucose cotransporter 2 inhibitors (SGLT-2is) are a

novel class of antihyperglycemic drugs that are independent of
insulin release or action. These drugs reduce plasma glucose
levels by reducing glucose renal reabsorption and increasing
urinary glucose excretion2,3. In addition, SGLT-2is might poten-
tially reduce the risk of cardiovascular events in diabetes
patients with high risk factors4–6. It has also been shown that
in patients with type 2 diabetes, treatment with SGLT-2is
resulted in 39% fewer hospitalizations for heart failure and 51%
fewer deaths from any cause than were observed for other
type 2 diabetes medicines. When hospitalization for heart fail-
ure and death from any cause were combined, the reduction
was 46%7. Meanwhile, the reduction of cardiovascular risk fac-
tors, such as bodyweight, systolic blood pressure (SBP) and
diastolic blood pressure (DBP), and uric acid level, were also
reported in these studies8–10, probably intermediates the cardio-
vascular protective effects of SGLT-2is.
Therefore, we sought to determine whether SGLT-2is as

add-on treatment to insulin therapy could improve cardiovas-
cular risk factors and reduce the side-effects of insulin, and thus
benefit cardiovascular outcomes in type 2 diabetes patients.
Recently, some high-quality and randomized controlled stud-

ies of the efficacy and safety of SGLT-2is in addition to insulin
therapy have emerged. However, there has been no meta-analy-
sis or systematic review on this. Therefore, we carried out the
present meta-analysis to evaluate the effects of SGLT-2is in
addition to insulin on cardiovascular risk factors in type 2 dia-
betes patients.

METHODS
The present meta-analysis was carried out in accordance with
the recommendations described in the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses statement11.

Data sources and search strategy
PubMed, Embase and Cochrane Library databases were
searched to identify relevant studies published before September

2017. Trials that were published between 2009 and 2017 were
manually searched. We first carried out a search using the fol-
lowing MeSH terms: ‘canagliflozin,’ ‘dapagliflozin,’ ‘ertugliflozin,’
‘luseogliflozin,’ ‘sotagliflozin,’ ‘ipragliflozin,’ ‘empagliflozin,’ ‘to-
fogliflozin’ and ‘insulin.’ Then, we searched for these MeSH
terms and their corresponding entry terms (using every MeSH
term) as combinations of terms in the [Title/Abstract] using
‘OR.’ Finally, we searched the search results for published ran-
domized controlled trials or unpublished trials using ‘AND.’
The methods used for the literature search are described in
detail in the Data S1. All the studies included in this meta-ana-
lysis were approved by institutional review boards or indepen-
dent ethics committees, or in accordance with the Declaration
of Helsinki and Good Clinical Practice Guidelines for each cen-
ter. All patients provided written informed consent.

Study selection
We searched for randomized controlled trials carried out to
evaluate the efficacy and safety of SGLT-2is administered in
combination with insulin in patients with type 2 diabetes. The
selection criteria were as follows: the randomized controlled
trial had at least an 8-week follow-up period, and it reported
cardiovascular outcomes (e.g., blood pressure, glucose control,
serum lipid parameters, uric acid levels and changes in serum
electrolyte levels) and safety outcomes (e.g., hyperglycemic
events, severe hypoglycemic events, urinary tract infections and
genital infections).

Data extraction
Studies that were not based on a treatment combining insulin
or SGLT-2is, studies with a follow-up period of <8 weeks or
studies that included individuals with type 1 diabetes were
excluded. When multiple reports described the same random-
ized controlled trial, the most recent or most complete study
was included. Whether other oral medicines were added to the
treatment regimen was not an elimination criterion. Single-arm
and open-control trials were excluded.

Quality assessment
Two independent reviewers (Bingshu Wu and Difei Wang)
evaluated the studies according to the inclusion and exclusion
criteria, and assessed the risk of bias according to the Cochrane
risk of bias tool12. The following domains were considered: ran-
dom sequence generation, allocation concealment, blinding of
participants, blinding of outcome assessment, incomplete out-
come data, selective reporting and other bias. Disagreements
were resolved in discussions.

Statistical analysis
The effect of administering SGLT-2is in combination with insu-
lin was assessed according to the six following outcomes: blood
pressure, glucose control, bodyweight, serum lipid levels, uric
acid levels and changes in serum electrolyte levels. All six out-
comes were assessed as continuous variables. We calculated
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pooled outcomes for weighted mean differences (WMDs) and
95% confidence intervals (CIs) using a random-effects model.
Heterogeneity was assessed using the I2 statistic. Values >50%
were viewed as indicative of moderate-to-high heterogeneity13.
We also carried out subgroup analyses and sensitivity analyses
to test the heterogeneity and stability of our findings. We used
Review Manager version 5.3 (The Cochrane Collaboration,
Copenhagen, Denmark) and Stata/SE 12.0 (StataCorp, College
Station, TX, USA) for all statistical analyses.

RESULTS
Study characteristics and quality assessment results
The search strategy identified 2,890 citations that were pub-
lished before September 2017 in the PubMed, Embase and
Cochrane Library databases. After duplicate studies were elimi-
nated using Endnote reference manager, 676 articles remained.
The 676 resulting titles and abstracts were reviewed, and 21
articles were determined to be potentially eligible for inclusion.
The full-text of each of these was then retrieved and evaluated.
Of these 21 studies, 11 were excluded for the reasons described
in Data S1 (flow chart). The 10 remaining trials were published
between 2009 and 2017 (Table 1). The trial durations were 12–
104 weeks in length. All participants were adult patients with
type 2 diabetes.
For all of the included studies, a risk of bias assessment was

carried out using The Cochrane Collaboration risk of bias tool
(Figure 2 in Data S1).

Meta-analysis results
The effects of the included treatments on cardiovascular risk
factors were determined according to the following characteris-
tics: blood pressure, lipid levels, glycemic efficacy (i.e., changes
in the insulin dose or glycosylated hemoglobin [HbA1c], fasting
plasma glucose [FPG] or 2-h postprandial glucose [PPG]
levels), bodyweight, uric acid and serum electrolyte levels (i.e.,
sodium, potassium and magnesium).

Blood pressure and lipid levels
Treatment with a single SGLT-2i in addition to insulin – other
antidiabetic drugs resulted in better blood pressure control than
was observed in the placebo groups. The corresponding
WMDs were -3.17 mmHg (95% CI -4.53, -1.80, I2 = 0%) and
-1.60 mmHg (95% CI -2.52, -0.69, I2 = 0%; Figures 1 and 2).
After incomplete data were excluded, the results for lipid levels,
including total cholesterol, triglyceride, low-density lipoprotein
cholesterol and high-density lipoprotein cholesterol levels, were
slightly different or showed no statistical significance in the
intervention groups (Data S2).

Glycemic control
When incomplete data was excluded, the SGLT-2i group, to a
certain extent, showed lower levels of HbA1c, FPG, PPG and
daily insulin than were observed in the control group. The cor-
responding WMDs were -0.49% (95% CI -0.71, -0.28%,

I2 = 92%), -1.10 mmol/L (95% CI -1.69, -0.51, I2 = 84%), -
3.63 mmol/L (95% CI -4.36, -2.89, I2 = 0%) and -5.42 IU/day
(95% CI -8.12, -2.72, I2 = 93%; Figures 3–6).

Bodyweight
After incomplete data were excluded, bodyweight was signifi-
cantly lower in the SGLT-2i group than in the control group
(Figure 7). The WMD was -2.13 kg (95% CI -2.66, -1.60,
I2 = 83%).

Uric acid
Patients in the experimental groups had substantially lower uric
acid levels (-26.16 lmol/L, 95% CI -42.14, -10.17, I2 = 80%)
than were observed in the placebo-controlled groups (Figure 8).

Serum electrolyte
After incomplete data were excluded, the results showed that
serum electrolyte levels, including sodium, potassium and mag-
nesium levels, were slightly altered in the experimental groups
(Data S2).

Subgroup analysis
First, considering the impact of the variation of the follow-up
period, we analyzed the above indicators in the short-term
(≤24 weeks) and long-term (≥52 weeks) subgroups, separately.
The WMD of DBP was greater in the long-term subgroup (-
1.96 mmHg, 95% CI -3.32, -0.61, I2 = 0%) than that in the
short-term subgroup (-1.31 mmHg, 95% CI -2.57, -0.04,
I2 = 2%; Figure 9). The WMDs of daily insulin were similar
between the subgroups: -5.63 IU/day (95% CI -9.46, -1.81,
I2 = 96%) in the short-term subgroup and -5.23 IU/day (95%
CI -8.70, -1.77, I2 = 63%) in the long-term subgroup (Fig-
ure 10). The WMD of bodyweight was greater in the long-term
subgroup (-2.77 kg, 95% CI -3.19, -2.35, I2 = 0%) than that
in the short-term subgroup (-1.59 kg, 95% CI -2.26, -0.93,
I2 = 85%; Figure 11). The difference of SBP, HbA1c and FPG
were non-significant or could not be analyzed for enough par-
ticipants in the subgroups.
Second, to investigate the specific effects of different SGLT-

2is, we compared the above indicators for each kind of them as
possible (Data S2). Tofogliflozin showed a greater reduction of
SBP (-3.37 mmHg, 95% CI -6.64, -0.10, I2 = 0%) compared
with canagliflozin (-3.18 mmHg, 95% CI -2.26, -0.93) and
ipragliflozin (-2.90 mmHg, 95% CI -6.41, 0.05). Tofogliflozin
also showed a greater reduction of DBP (-2.63 mmHg, 95% CI
-4.86, -0.39, I2 = 0%) than empagliflozin (-1.96 mmHg, 95%
CI -3.32, -0.61, I2 = 0%). Ipragliflozin showed a greater reduc-
tion of HbA1c (-1.34%, 95% CI -1.62, -1.06%) compared
with canagliflozin (-0.84%, 95% CI -1.12, -0.56%, I2 = 85%)
and tofogliflozin (-0.83%, 95% CI -1.19, -0.47%, I2 = 56%).
Ipragliflozin also showed a greater reduction of FPG
(-2.81 mmol/L, 95% CI -1.12, -0.56) compared with empagli-
flozin (-0.59 mmol/L, 95% CI -1.12, -0.56, I2 = 44%), canagli-
flozin (-1.73 mmol/L, 95% CI -2.95, -0.55) and tofogliflozin
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Experimental Control Mean difference Mean difference 
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random, 95% Cl IV, Random, 95% Cl 

H. I 2016 50 mg –1.4 14.5 167 1.5 8.19 87 24.0% –2.90 [–5.69, –0.11] 
J.P.W 2009 10 mg –0.7 12.195 22 2.1 23.198 14 1.1% –2.80 [–15.98, 10.38] 
J.P.W 2009 20 mg –5.5 7.9737 22 2.1 23.198 14 1.2% –7.60 [–20.20, 5.00] 
J.R 2015 10 mg –4.2 13.341 169 0.1 13.038 170 23.7% –4.30 [–7.11, –1.49] 
J.R 2014 10 mg –2.4 22.2 186 –1.2 10.969 188 14.8% –1.20 [–4.75, 2.35] 
K.S 2016 glargine 20 mg –7.8 15.57 19 1.1 12.46 15 2.1% –8.90 [–18.32, 0.52] 
K.S 2016 insulin 20 mg –4.2 13.48 19 1.1 12.46 15 2.4% –5.30 [–14.05, 3.45] 
N. I 2016 100 mg –3.58 9.9383 76 –0.4 9.9563 70 17.9% –3.18 [–6.41, 0.05] 
Y.T 2017 –4.8 15 135 –2.7 11.8 66 12.9% –2.10 [–5.91, 1.71] 

Total (95% Cl) 
Heterogeneity: τ2 = 0.00;  χ2= 4.27, df = 8 (P = 0.83); I2 = 0% 

815 639 100.0% –3.17 [–4.53, –1.80] 

–20 –10 0 10 20 Test for overall effect: Z = 4.54 (P < 0.00001) 
Favors [experimental] Favors [control] 

Figure 1 | Forest plot of randomized controlled trials: effect on systolic blood pressure. CI, confidence interval; SD, standard deviation.

Control Experimental Mean difference 
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95% Cl 

Mean difference 
IV,Random,95% Cl 

H. I 2016 50 mg –0.3 9.9 167 0.3 9.2 87 13.9% –0.60 [–3.05, 1.85] 
J.P.W 2009 10 mg 1.3 10.788 22 –4.1 10.102 14 1.7% 5.40 [–1.55, 12.35]
J.P.W 2009 20 mg –5.8 8.4427 22 –4.1 10.102 14 2.1% –1.70 [–8.06, 4.66] 
J.R 2015 10 mg –2.6 8.259 169 –0.3 7.823 170 28.3% –2.30 [–4.01, –0.59] 
J.R 2014 10 mg –1.9 14.018 186 –0.5 6.4343 188 16.9% –1.40 [–3.61, 0.81]
K.S 201 6 glargine 20 mg –3.3 11.14 19  11.08 15 1.5% –3.80 [–11.32, 3.72] 
K.S 2016 insulin 20 mg –5.6 13.48 19 0.5 11.08 15 1.2% –6.10 [–14.36, 2.16]
N.I2016 100 mg –1.55 6.1896 76 –0.31 6.1913 70 20.5% –1.24 [–3.25, 0.77]
Y.T 2017 –1.8 9.4 135 0.4 7.7 66 13.9% –2.20 [–4.64, 0.24]

Total (95% Cl) 815 639 100.0% –1.60 [–2.52, –0.69] 
Heterogeneity: τ2 = 0.00, χ2 = 7.04, df = 8 (P = 0.53); I 2 = 0% 
Test for overall Z = 3.45 (P = 0.0006) –20 –10 0 10 20 

Favors [experimental] Favors [control] 

0.5

Figure 2 | Forest plot of randomized controlled trials: effect on diastolic blood pressure. CI, confidence interval; SD, standard deviation.

BN 2015 300 mg –0.69 0.9663 664 0.03 0.9227 639 6.8% –072 [–0.82, –0.62]
BN 2015 100 mg –0.55 0.9405 664 0.03 0.9227 639 6.8% –0.58 [–0.68, –0.48]
Eiichi 2016 5 mg –0.6 1.4092 118 0.04 0.64549 55 6.1% –0.64 [–0.95, –0.33]
H. I 2016 50 mg –1.07 1.6017 168 0.27 0.65 87 6.2% –1.34 [–1.62, –1.06]
J.P.W 2009 10 mg –0.7 1.0067 23 0.09 0.622 19 5.1% –0.79 [–1.29, –0.29]
J.P.W 2009 20 mg –0.78 1.0067 23 0.09 0.622 19 5.1% –0.87 [–1.37, –0.37]
J.P.W 2014 –0.21 1.5775 132 –0.43 0.783 107 6.1% 0.22 [–0.09, 0.53]
J.P.W 2014 05/10 mg –0.39 1.6034 128 –0.43 0.783 107 6.1% 0.04 [–0.27, 0.35]
J.P.W 2014 10 mg –0.35 1.6004 139 –0.43 0.783 107 6.1% 0.08 [–0.22, 0.38]
J.R 2015 10 mg –0.5 1.8572 127 0 0.9899 98 5.7% –0.50 [–0.88, –0.12]
J.R 2014 10 mg –0.38 1.678 119 –0.81 0.869 118 5.9% 0.43 [0 09, 0 77]
J.R 2014 25 mg –0.46 1.6355 118 –0.81 0.869 118 6.0% 0.35 [0.02, 0.68]
J.R 2015 25 mg –0.6 1.7766 110 0 0.9899 98 5.7% –0.60 [–0.99, –0.21]
K.S 2016 glargine 20 mg –0.8 1.1 19 –0.3 0.56 15 4.7% –0.50 [–1.07, 0.07]
K.S 2016 insulin 20 mg –1 0.93 19 –0.3 0.56 15 5.1% –0.70 [–1.21, –0.19]
N. I 2016 100 mg –1.1 1.406 76 0.13 0.6693 70 5.9% –1.23 [–1.58, –0.88]
Y.T 2017 –072 0.71 135 0.35 0.74 66 6.5% –1.07 [–1.28, –0.86]

Total (95% Cl) 2782 2377 100.0% –0.49 [–0.71, –0.28]

–4 –2 0  

Experimental Control Mean difference 
IV, Random, 95% Cl 

Mean difference 
IV, Random, 95% Cl Mean SD Total Mean SD Total Weight Study or Sub group

Heterogeneity: τ2 = 0.18; χ2 = 194.03, df = 16 (P < 0.00001); I2 = 92% 
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Figure 3 | Forest plot of randomized controlled trials: effect on glycosylated hemoglobin. CI, confidence interval; SD, standard deviation.
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Figure 5 | Forest plot of randomized controlled trials: effect on 2-h postprandial glucose. CI, confidence interval; SD, standard deviation.
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Figure 6 | Forest plot of randomized controlled trials: effect on daily insulin. CI, confidence interval; SD, standard deviation.
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Figure 4 | Forest plot of randomized controlled trials: effect on fasting glucose plasma. CI, confidence interval; SD, standard deviation.
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Figure 8 | Forest plot of randomized controlled trials: uric acid. CI, confidence interval; SD, standard deviation.
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Figure 9 | Subgroup analysis of diastolic blood pressure based on duration. CI, confidence interval; SD, standard deviation.
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J.P.W 2014 10 mg –1.5 4.33171 141 1.83 4.11652 107 6.7% –3.33 [–4.39, –2.27]
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Figure 7 | Forest plot of randomized controlled trials: bodyweight. CI, confidence interval; SD, standard deviation.
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Figure 10 | Subgroup analysis of daily insulin based on duration. CI, confidence interval; SD, standard deviation.
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J.R 2014 25 mg –2.04 3.9106 118 0.44 3.8606 115 6.9% –2.48 [–3.48, –1.48]
J.R 2015 25 mg –2 4.899 96 0.7 5 100 5.6% –2.70 [–4.09, –1.31]
Subtotal (95% Cl) 847 751 45.1% –2.77 [–3.19, –2.35]

Total (95% Cl) 1427 1101 100.0% –2.13 [–2.66, –1.60]

–10 –5 0 5 10

Favors [experimental] Favors [control]τ 2

Figure 11 | Subgroup analysis of body weight based on duration. CI, confidence interval; SD, standard deviation.

ª 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 10 No. 2 March 2019 453

O R I G I N A L A R T I C L E

http://onlinelibrary.wiley.com/journal/jdi Cardiovascular effects of SGLT-2i



(-1.84 mmol/L, 95% CI -2.59, -1.09, I2 = 54%). Tofogliflozin
showed a greater reduction of PBG (-3.78 mmol/L, 95% CI -
4.79, -2.77) than dapagliflozin (-3.06 mmol/L, 95% CI -4.52,
-1.60, I2 = 0%). Ipragliflozin showed a lower reduction of
bodyweight (-1.04 kg, 95% CI -1.39, -0.69) than dapagliflozin
(-2.48 kg, 95% CI -3.31, -1.66, I2 = 75%), empagliflozin
(-2.56 kg, 95% CI -3.13, -1.99, I2 = 0%) and canagliflozin
(-2.37 kg, 95% CI -3.08, -1.66). The relative risk (RR) of hypo-
glycemia with canagliflozin and ipragliflozin were 1.23 (95% CI
1.13, 1.35) and 1.95 (95% CI 1.12, 3.39) compared with their
control. The RR of genital infection with dapagliflozin, empagli-
flozin and canagliflozin were 3.94 (95% CI 1.84, 8.45), 4.01
(95% CI 1.73, 9.29) and 6.12 (95% CI 3.57, 10.48), respectively.
Third, we also took subgroup analysis based on the population

of participants. In Asian-dominated studies, compared with non-
Asian-dominated studies, SGLT-2i showed a greater reduction of
HbA1c (-0.96%, 95% CI -1.22, -0.70%, I2 = 71% vs -0.26%,
95% CI -0.51, 0%, I2 = 92%), daily insulin (-6.53 IU/day, 95%
CI -11, -2.05, I2 = 98% vs -4.82 IU/day, 95% CI -7.69, -1.95,
I2 = 54%) and a lower reduction of bodyweight (-1.36 kg, 95%
CI -2.10, -0.62, I2 = 88% vs -2.72 kg, 95% CI -3.11, -2.34,
I2 = 0%), SBP (-3.12 mmHg, 95% CI -4.90, -1.35, I2 = 0% vs -
3.23 mmHg, 95% CI -5.37, -1.09, I2 = 0%), PPG (-3.55 mmol/
L, 95% CI -4.38, -2.72, I2 = 0% vs -3.93 mmol/L, 95% CI -5.54,
-2.32, I2 = 0%) and uric acid (-13.89 lmol/L, 95% CI -25.88, -
1.90 vs -29.66 lmol/L, 95% CI -49.51, -9.82, I2 = 81%).

Sensitivity analysis
Because significant heterogeneity was identified among these
pooled studies, with I2 > 50% including HbA1c, FPG, daily
insulin, bodyweight and uric acid outcomes, sensitivity analyses
were carried out. The results showed that there was no change
when the model was switched from a random-effects to a
fixed-effects model by Review Manager. The influence of the
total effect size is slight when it eliminates any single study (by
Stata/SE 12.0 in Data S3).

Publication bias
Finally, to assess publication bias of the results (including at
least 10 studies) in the present meta-analysis, we constructed
funnel plots using Review Manager. The symmetry of the
HbA1c funnel plot shows that there was a low risk of publica-
tion bias (Data S4).

Safety
The relative odds ratios of adverse events between the
intervention and placebo groups are shown in detail in
Data S5. The incidence of hypoglycemic events in the
SGLT-2i group increased, and the RR was 1.09 (95% CI
1.02, 1.17, P < 0.01). However, there was no significant
difference in severe hypoglycemic events between the two
groups (RR 1.24, 95% CI 0.84, 1.84, P = 0.29). Genital
infection and urinary tract infection were more common
(RR 5.25, 95% CI 3.55, 7.74, P < 0.01; RR 1.29, 95% CI

1.03, 1.62, P = 0.03) in the intervention group than in
the placebo group.

DISCUSSION
Patients with diabetes, those who are overweight or obese and
those with hypertension or dyslipidemia are more vulnerable to
cardiovascular disease25,26. The risk of cardiovascular disease is
two- to fourfold higher in diabetes patients than in patients
without diabetes24. It is therefore vital to study the effects of
antidiabetic therapies on diabetes mellitus patients with regard
to their protective effects against cardiovascular events. In the
present study, we carried out a meta-analysis to evaluate the
effects of SGLT-2is administered in addition to insulin therapy
on cardiovascular risk factors in patients with type 2 diabetes
mellitus. The reduction of cardiovascular risk factors, such as
bodyweight, SBP and DBP, and uric acid level, was probably
an intermediate outcome mediated by the cardiovascular pro-
tective effects of SGLT-2is, as reported in previous studies8–10.
First, the present results show that SGLT-2is, as add-on to

insulin with or without other oral antidiabetic drugs, reduced
blood pressure in type 2 diabetes patients. SBP was
3.17 mmHg lower and DBP was 1.60 mmHg lower in the
intervention group than in the controls. The activity of SGLT-
2is involves a mechanism that reduces the amount of glucose
absorbed by inhibiting the function SGLT-2 in renal proximal
tubules. As glucose reabsorption is reduced in the kidney, the
resorption of sodium from the plasma is simultaneously
reduced. It is therefore possible that this mechanism might also
affect natriuresis and act as a diuretic27–29. This might be the
reason that SGLT-2i exerts a hypotensive effect. Further sub-
group analysis showed the long-term (≥52 weeks) use of
SGLT-2i could obviously lower SBP more than that of short-
term use (≤24 weeks). This means SGLT-2i had played a con-
tinuous role of lowering blood pressure. The longer it was used,
the more effective it was. Among the different kinds of SGLT-
2is, tofogliflozin performed better in lowering blood pressure,
which might make it a better choice for those patients with
hypertension who require SGLT-2is. This finding is extremely
important, because it presents us with a therapy that provides
benefits in addition to glucose control in diabetes patients with
hypertension, cardiovascular disease or heart failure. These ben-
efits include not only the effective control of glucose levels and
blood pressure, but also a reduction in cardiac stress, which
improves long-term prognoses.
Hence, SGLT-2i in addition to insulin (with or without other

drugs) has shown definite effectiveness when used to control
glucose levels in type 2 diabetes patients. It appears to maintain
HbA1c levels for an extended period time (e.g., 104 weeks). In
addition, the average dose of insulin was approximately
5.42 IU/d lower in the SGLT-2i group, which also reflects a
hypoglycemic effect. After subgroup analysis, the SGLT-2i
group showed an obviously enhanced glycemic control in
short-term studies, whereas that in long-term studies was non-
significant or slight, which might be because of self-adjustment
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of inulin doses or other oral antidiabetic drugs in the control
group. Ipragliflozin showed a stronger hypoglycemic effect,
including HbAlc and FPG, in the present results, which should
be considered in clinical prescription.
The Asian-dominated population seemed to be more sensi-

tive to the hypoglycemic effect of SGLT-2i, which might be
related to the relative higher blood concentration under the
same prescribed dose, because the bodyweight of Asians is
lower on average than that of Americans or Europeans. Body-
weight was also lower in patients who used a combination ther-
apy that included SGLT-2i. These patients weighed 2.13 kg less
in the SGLT-2i group. The reduction of bodyweight was more
significant in the long-term subgroup, which was 1.5-fold of
that in the short-term subgroup. Most SGLT-2is had similar
effects on the reduction of bodyweight, except for ipragliflozin,
which had a slight effect. SGLT-2is brought about more body-
weight reduction in the Asian-dominated population, probably
because the baseline bodyweight of the non-Asian-dominated
population was higher.
Weight gain is the most common side-effect of insulin ther-

apy, and this is therefore a subject of concern in patients on a
long-term insulin regimen. Additionally, weight gain can aggra-
vate insulin resistance30, causing glucose levels to increase, and
the required doses of insulin and hypoglycemic agents to corre-
spondingly increase. Elevated blood glucose levels can also
increase blood pressure, blood lipids levels, uric acid levels and
other cardiovascular risk factors. Hence, weight gain not only
makes it difficult to decrease glucose levels, but also increases
the risk of cardiovascular disease. Increased insulin doses
brought about weight gain, and followed metabolic disorders
would adversely reduce the efficiency of insulin itself and
required an increase of the insulin doses, which becomes a
vicious cycle. The reduction of insulin doses means the break
of this vicious cycle, and then fewer side-effects. In the present
study, we showed that adding SGLT-2is reduced the amount of
insulin a patient used and had a significant effect on weight
reduction. These results are intensely gratifying, because they
show that this treatment increases the ease of controlling blood
glucose levels and clearly reduces obesity, which is a major risk
factor for cardiovascular disease.
Previous studies have shown that serum uric acid can injure

vascular endothelial cells31. Furthermore, increased uric acid
levels have been associated with an increased risk of coronary
heart disease events, heart failure and atrial fibrillation32. The
results of the present study show that in the group treated with
SGLT-2is, uric acid levels were reduced more than was
observed in the control group by 26.16 lmol/L (Figure 8).
These data suggest that SGLT-2is also improve other cardiovas-
cular disease risk factors, including hyperuricemia.
We also studied the risk factors for cardiovascular disease

that are associated with lipid levels. We found that treatment
with SGLT-2is and insulin with or without other drugs did not
significantly transform serum lipid levels (including total choles-
terol, triglyceride, high-density lipoprotein cholesterol and

low-density lipoprotein cholesterol levels), with a mild increase
of 0.03 mmol/L both in respect to high-density lipoprotein
cholesterol and low-density lipoprotein cholesterol compared
with the placebo group. The results of the statistical analysis
showed that adding SGLT-2is did not significantly alter serum
electrolyte levels (i.e., serum sodium, potassium and magnesium
levels).
The present analysis of adverse events showed that the inci-

dence rate of genital infection and urinary tract infection were
significantly higher in the SGLT-2i-treated group than in the
control group. It is vital to drink enough water, especially for
older adults, to prevent the incidence of infection events. The
present results also showed that the incidence rate of hypo-
glycemia was higher when SGLT-2i was added. However, there
was no significant difference in the number of severe hypo-
glycemic events between the two groups. These data show that
this combination therapy is appropriate to reduce the dose of
insulin or other drugs that would otherwise be required to pre-
vent the occurrence of hypoglycemia.
A limitation of the present meta-analysis was that most stud-

ies used the last observation carried forward method to evaluate
results at the follow-up end-point. The duration of trials ranged
from 12 to 104 weeks. The combinations of other hypo-
glycemic drugs varied across each study, which might have
moderated the effect of SGLT-2i on blood pressure or other
indicators. Hence, although the class of drugs was identical, the
specific drugs and doses were not the same, and this might
have affected our analysis of heterogeneity. There were fewer
extracted data, which could influence the analysis results, espe-
cially in a forest plot of PPG, uric acid and serum electrolytes.
These results should therefore be confirmed by larger and
longer-term clinical follow-up trials.
In summary, in patients with type 2 diabetes, administering

SGLT-2is combined with insulin with or without other hypo-
glycemic agents improved blood pressure, plasma glucose levels,
bodyweight, uric acid levels and other risk factors associated
with cardiovascular disease, and thereby reduced the occurrence
and development of cardiovascular events.
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