
© 2016 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Therapeutics and Clinical Risk Management 2016:12 1113–1131

Therapeutics and Clinical Risk Management Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1113

O r i g i n a l  R e s e a rc  h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/TCRM.S112236

An overview of the effect of sodium glucose 
cotransporter 2 inhibitor monotherapy on 
glycemic and other clinical laboratory parameters 
in type 2 diabetes patients

Yaowen Wang1

Xueting Hu2

Xueying Liu3

Zengqi Wang2

1Department of Clinical Laboratory, 
Weifang People’s Hospital, 
2Department of Clinical Laboratory, 
Weifang Traditional Chinese Hospital, 
Weifang, 3Department of Clinical 
Laboratory, The Third Hospital of 
Jinan, Jinan, People’s Republic of China

Objectives: We aimed to determine the effect of sodium glucose cotransporter 2 (SGLT2) 

inhibitor monotherapy on glycemic and other clinical laboratory parameters versus other antidi-

abetic medications or placebo therapy in patients with type 2 diabetes mellitus. In addition, we 

aimed to investigate the risk of diabetic ketoacidosis associated with SGLT2 inhibitor therapy 

and evaluate its weight-sparing ability.

Design: Meta-analysis.

Materials and methods: PubMed and MEDLINE were searched to identify eligible studies 

up to December 2015. Randomized controlled trials that assessed the efficacy and safety of 

SGLT2 inhibitor monotherapy versus placebo therapy or active control were considered. The 

Cochrane Collaboration Risk of Bias Tool was used to evaluate quality and bias. The mean 

difference was used to evaluate the glycemic and other clinical laboratory parameters for SGLT2 

inhibitor intervention versus control by drugs or placebo. Similarly, the risk ratio was used to 

assess adverse events, and the I2 was used to evaluate heterogeneity.

Results: SGLT2 inhibitors significantly decreased glycated hemoglobin (HbA1c) (P,0.001), 

weight (P,0.001), and the low-density lipoprotein/high-density lipoprotein ratio (P=0.03) 

compared with placebo therapy. No statistically significant changes were found in fasting 

plasma glucose, 2-hour postprandial glucose, or lipid parameters. Significant changes in the uric 

acid level were found for SGLT2 inhibitors versus placebo therapy (P=0.005) or active control 

(P,0.001). Although no significant change in levels of ketones occurred (P=0.93), patients 

receiving SGLT2 inhibitors were at greater risk of increased ketone bodies. Events suggestive 

of urinary tract infection and pollakiuria presented the greatest risk for patients receiving SGLT2 

inhibitors versus active control or placebo therapy.

Conclusion: SGLT2 inhibitors significantly decreased HbA1c, body weight, and the low-

density lipoprotein/high-density lipoprotein ratio and were found to be safe and well tolerated 

in type 2 diabetes mellitus patients. Further randomized control trials are required to establish 

their risk for ketoacidosis.

Keywords: SGLT2 inhibitor, diabetic ketoacidosis, type 2 diabetes mellitus, hyperglycemia, 

dyslipidemia, weight loss

Introduction
The worldwide prevalence of type 2 diabetes mellitus (T2DM) is expected to increase 

by 89% in the next 2 decades, and the role of the renal system in this context has been 

studied only recently.1,2 In the kidneys, the glomeruli filter ~180 g of glucose from 
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the blood per day; however, renal tubular epithelial cells 

reabsorb most of this glucose from the proximal tubule, thus 

maintaining homeostasis of glucose.3 In diabetic patients, the 

kidneys increase the maximum transport rate for glucose, thus 

decreasing glycosuria and exacerbating hyperglycemia.3

Sodium glucose cotransporters, which belong to a family 

of adenosine triphosphate-dependent proteins, are located in 

the S1, S2, and S3 segments of the proximal tubule and medi-

ate the resorption of glucose.3 In particular, sodium glucose 

cotransporter 2 (SGLT2), a low-affinity, high-capacity trans-

porter in the S1 segment, is responsible for resorbing 90% of 

the filtered glucose.3 Therefore, some patients with mutations 

in the SGLT2 gene experience increase or decrease in glyco-

suria that contributes to hypo- or hyperglycemia.3 Increased 

genetic expression and activity of SGLT2 are associated with 

an increase in the maximum resorption capacity (and the 

maximum transport rate) of glucose during the hyperglycemic 

episodes that occur in patients with T2DM.3,4

Orally administered SGLT2 inhibitors are a novel class 

of antidiabetic agents designed to address the unmet needs 

of patients with T2DM. Human trials have shown that 

these inhibitors increase control of glucose by decreasing 

levels of blood glucose and glycated hemoglobin (HbA1c), 

irrespective of the insulin levels or sensitivity.4,5 Therefore, 

they can be combined with all other classes of antidiabetic 

medications, including exogenous insulin.4,5 Side effects, 

such as weight gain and hypoglycemia, often occur with 

traditional treatments for T2DM and may negate the benefits 

of decrease in blood glucose offered by these treatments.5 

However, the SGLT2 gene controls factors such as decrease 

in body weight, glomerular hyperfiltration, and hypertension. 

As such, SGLT2 inhibitors may increase glycemic control 

without causing these side effects.5

To date, SGLT2 inhibitors that are currently approved in 

at least one major market (eg, the United States, the European 

Union, and Japan) include canagliflozin, dapagliflozin, empa-

gliflozin, luseogliflozin, ipragliflozin, and tofogliflozin.6–8 

However, large trials evaluating the efficacy, effect on 

body weight, cardiac parameters, renal parameters, and 

safety of SGLT2 inhibitors are lacking. In addition, recent 

research has raised concerns that the use of SGLT2 inhibi-

tors is associated with an increase in diabetic ketoacidosis.9 

Therefore, we conducted this meta-analysis to investigate 

the association between SGLT2 inhibitor monotherapy and 

diabetic ketoacidosis. We also evaluated the safety of SGLT2 

inhibitor monotherapy and its effects on weight loss as well 

as on glycemic and other clinical laboratory parameters in 

T2DM patients.

Materials and methods
Information sources and search strategy
PubMed and MEDLINE were searched for randomized 

controlled trials in which the efficacy, safety, and effect on 

body weight of luseogliflozin, canagliflozin, dapagliflozin, 

empagliflozin, ipragliflozin, remogliflozin, and tofogliflozin 

versus placebo in type 2 diabetic patients had been assessed. 

For specific trials on SGLT2 inhibitor agents, the generic 

names variably combined with “efficacy”, “safety”, “weight 

loss”, and “diabetic ketoacidosis” were used as search key-

words. The publication cutoff date for these articles was set 

as December 2015. The titles and abstracts of the identified 

trials were further analyzed, and those that did not meet the 

eligibility criteria were excluded.

Eligibility criteria
Full-text randomized trials published in English and con-

ducted on T2DM patients .18 years old were eligible. It was 

required that articles should have assessed the efficacy and 

safety of SGLT2 inhibitors (luseogliflozin, canagliflozin, 

dapagliflozin, empagliflozin, ipragliflozin, remogliflozin, or 

tofogliflozin) as monotherapy versus placebo therapy, and 

data for at least 12 weeks of intervention should have been 

available. The methodology should have been described, 

and articles should have included at least one of the fol-

lowing variables: HbA1c, fasting plasma glucose (FPG), 

2-hour postprandial glucose (2-hour PPG), renal parameters, 

cardiac parameters, ketone bodies, or adverse events. Trials 

that included other treatments (eg, thiazolidinediones or 

biguanides) as comparators in addition to placebos were 

eligible. Outcome measures of SGLT2 inhibitors were com-

pared separately with these treatments. Articles that were not 

randomized trials, those in which SGLT2 inhibitors were 

not compared with placebos, those with incomplete meth-

odology, those that used SGLT2 inhibitors as combination 

therapy, those for which full text was not available, and trials 

using animals or healthy human subjects were excluded from 

this meta-analysis.

Study selection and quality assessment
Two authors independently reviewed the abstracts to deter-

mine the eligibility of the articles. They then compared the 

text of the articles with the eligibility criteria to determine 

whether to include them, and disagreements were resolved 

through mutual consensus.

The Cochrane Collaboration Risk of Bias Tool was used 

to assess the quality of the trials and to determine bias.10 The 

scale consists of six categories: selection bias, performance 
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bias, detection bias, attrition bias, reporting bias, and other 

bias. These six categories are further subdivided into seven 

subcategories. Selection bias comprises random sequence 

generation and allocation concealment, performance bias 

consists of blinding of participants and personnel, detection 

bias consists of blinding of the outcome assessment, attri-

tion bias consists of incomplete outcome data, reporting 

bias consists of selective reporting, and other bias includes 

anything else ideally prespecified. Each variable is scored 

as low, high, or unclear.

Summary measures
The efficacy measures included HbA1c, FPG, and 2-hour 

PPG evaluated for glycemic efficacy for the groups receiving 

SGLT2 inhibitors versus those receiving other antidiabetic 

drugs (active control) or placebos. Similarly, the changes in 

weight (in kilograms), renal parameters, cardiac parameters, 

and blood level of ketone bodies were evaluated for patients 

receiving SGLT2 inhibitors therapy versus those receiving 

active control or placebo. The measures of safety included 

adverse events reports of patients receiving SGLT2 inhibi-

tors, placebo therapy, or active control.

Data synthesis
All statistical analyses were performed with RevMan (v5.3; 

Cochrane collaboration). All end points for patients on 

SGLT2 inhibitors were compared with those of patients on 

placebo therapy and active control. The mean difference and 

its 95% two-sided confidence interval (CI) were applied for 

continuous variables, whereas the risk ratios and their 95% 

two-sided CIs were used for dichotomous outcomes. All 

P-values were two-tailed, and P#0.05 was considered as 

statistically significant for all analyses. Calculation of effect 

sizes for continuous variables, assessments of heterogeneity, 

imputation of missing data, and assessments of publication 

bias were also performed.

Statistical heterogeneity across trials was assessed by 

the Cochran’s Q statistic and I2 tests.11 If heterogeneity was 

found, a random-effects model that included weighting of 

the trials was used (P,0.10). If heterogeneity was not found, 

a fixed-effects model with weighting of the trials was used.

Results
A total of 1,856 titles were retrieved from the databases 

(Figure 1). After 1,268 were determined to be ineligible on 

the basis of the title, 588 articles were identified for abstract 

screening. A total of 558 articles were excluded on the basis 

of the content of their abstracts. Thirty articles were identified 

for full-text screening. Of these, 13 trials were determined to 

be eligible and were included in the analysis.12–24

The characteristics of all the eligible trials are included 

in Table 1. For the comparison of SGLT2 inhibitors versus 

placebo therapy, the efficacy and safety of dapagliflozin 

versus placebo were reported in four trials.12–15 Luseogliflozin 

and canagliflozin were compared with placebo in three trials 

each.16–21 Ipragliflozin, tofogliflozin, and remogliflozin were 

compared with placebo in one trial each.22–24 Active con-

trol was compared with SGLT2 inhibitor therapy in three 

trials.15,22,24 In two trials, the active control was metformin, 

and in one trial, it was pioglitazone.15,22,24 Not all outcomes 

were reported in all trials. For glycemic efficacy, the mean 

changes from baseline in HbA1c and FPG were reported in 

ten trials, and the change from baseline in 2-hour PPG was 

reported in six trials.12–16,18–24 Changes from baseline in weight 

were reported in eleven trials.12–24 Changes in lipid parameters 

were reported in eight trials.13,16–21,23 Changes in high-density 

lipoprotein (HDL) levels and low-density lipoprotein (LDL) 

levels were reported in seven trials.13,16–18,20,21,23 Changes in 

triglycerides were reported in eight trials, and changes in 

total cholesterol and LDL/HDL ratio were reported in four 

trials.13,16–21,23 For renal parameters, changes in estimated 

glomerular filtration rate (eGFR), the albumin-to-creatinine 

ratio, and albumin were reported in one trial each.12,15,17,23 

Changes in creatinine were reported in seven trials, changes 

in uric acid were reported in six trials, and changes in blood 

urea nitrogen (BUN) were reported in eight trials.12–16,18–21,23 

Changes in ketones were reported in four trials.17,20,21,23 In two 

trials each, changes in total ketone bodies, acetoacetic acid, 

and β-hydroxybutyric acid were assessed.17,20,21,23

Risk of bias of included trials
Overall, most trials had a low risk of bias in at least two of the 

variables assessed (Figure 2). Common issues found during 

the assessment of quality were inadequate descriptions of 

blinding of outcome assessment (eleven trials), inadequate 

descriptions of the randomization sequence (ten trials), 

inadequate descriptions of the allocation concealment or the 

blinding of participants or personnel (eight trials for each 

variable), and discrepancies between the variables mentioned 

in the methodology section and those reported in the results 

section (two trials).

Change in HbA1c
For the comparison between SGLT2 inhibitors and placebo 

therapy, a total of ten trials were included in the pooled analy-

sis (2,809 patients). Overall, statistically significant treatment 
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Figure 1 PRISMA diagram.

effects favored SGLT2 inhibitors (mean difference = −3.35, 

[95% CI, −4.32, −2.39], P,0.001). Heterogeneity as assessed 

by I2 was 99% (Figure 3A).

In three trials (850 participants), changes from baseline 

in HbA1c for SGLT inhibitors versus active control were 

reported. No significant difference was found for patients 

receiving SGLT2 inhibitor treatment compared with those 

receiving active control (P=0.60). Heterogeneity as assessed 

by I2 was 0% (Figure 3B).

Change in FPG
Changes in FPG for SGLT2 inhibitors as compared with pla-

cebo therapy and with active control are shown in Figure 4A 

and B. Ten trials (2,809 participants) reported changes from 

baseline in FPG for SGLT2 inhibitors compared with placebo 

therapy, and three trials (850 participants) reported changes 

from baseline in FPG for SGLT2 inhibitors versus active 

control. Although treatment effects favored SGLT2 inhibitors 

compared with both placebo therapy and active control, the 

results were not statistically significant (P=0.07 for SGLT2 

inhibitors vs placebo therapy and P=0.6 for SGLT2 inhibitors 

vs active control). For the comparisons of SGLT2 inhibitors 

versus placebo therapy and SGLT2 inhibitors versus active 

control, heterogeneity as assessed by I2 was 0%.

Change in 2-hour PPG
Changes from baseline in 2-hour PPG for SGLT2 inhibitors 

versus placebo therapy are shown in Figure 5. Six trials 
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(1,558 participants) reported changes from baseline in 2-hour 

PPG for SGLT2 inhibitors versus placebo therapy, and no 

trials reported changes from baseline in 2-hour PPG for 

SGLT2 inhibitors versus active control. Treatment effects 

that favored SGLT2 inhibitors over placebo therapy were not 

statistically significant (P=0.64). Heterogeneity as assessed 

by I2 was 0%.

Change in weight
For the comparison between SGLT2 inhibitors and placebo 

therapy, eleven trials were included in the pooled analysis 

(3,993 patients). Three trials (850 participants) were included 

in the pooled analysis for SGLT2 inhibitors versus active 

control. Changes from baseline in weight for SGLT2 inhibi-

tors versus placebo therapy are shown in Figure 6A. Weight 

significantly decreased for SGLT2 inhibitors versus placebo 

(−0.32, [95% CI, −0.48, −0.17], P,0.001). By contrast, the 

decreases in weight in the SGLT2 inhibitor groups versus the 

active control groups were not statistically significant (−10, 

[95% CI, −0.27, 0.07], P=0.25) (Figure 6B). Heterogeneity 

as assessed by I2 for SGLT2 inhibitors versus placebo therapy 

and active control was 74% and 0%, respectively.

Change in lipid parameters
Changes in total cholesterol, HDL, LDL, and triglycerides 

for SGLT2 inhibitors versus active control were not reported 

in any of the eligible trials. However, for the comparisons of 

SGLT2 inhibitors versus placebo therapy, four trials (1,153 

participants) included changes from baseline in total cho-

lesterol, seven trials (2,288 participants) included changes 

from baseline in HDL and LDL, and eight trials (2,524 

participants) included changes from baseline in triglycerides 

as outcomes. No statistically significant changes occurred in 

patients receiving SGLT2 inhibitors versus placebo therapy 

(Table 2). Heterogeneity as assessed by I2 was 0% for each 

of these variables.

Changes from baseline in LDL/HDL ratios for SGLT2 

inhibitors compared with placebo and with active control are 

found in Table 2. Changes from baseline in LDL/HDL ratios 

for SGLT2 inhibitors versus placebo were reported in four 

trials (1,409 participants), and in one trial (173 participants), 

the change from baseline in the LDL/HDL ratio for SGLT2 

inhibitors versus active control was reported. However, 

no statistically significant changes occurred when SGLT2 

inhibitors were compared with active control (P=0.65). The 

statistically significant decreases favored SGLT2 inhibitors 

versus placebo (−0.30, [95% CI, 0.57, 0.02], P=0.03) with 

a heterogeneity of 79%.
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Figure 2 Assessment of study quality and bias.

χ

χ

Figure 3 Changes from baseline in HbA1c for patients treated with SGLT2 inhibitors versus placebo or active control.
Notes: (A) SGLT2 inhibitors compared with placebo. (B) SGLT2 inhibitors compared with active control.
Abbreviations: HbA1c, glycated hemoglobin; CI, confidence interval; df, degrees of freedom; SGLT2, sodium glucose cotransporter 2; Std, standard; SD, standard deivation.

Change in renal parameters
Changes from baseline in BUN, eGFR, serum creatinine, 

uric acid, albumin, and the albumin-to-creatinine ratio for 

SGLT2 inhibitors versus placebo are shown in Table  3. 

Eight trials (2,567 participants) reported changes from 

baseline in BUN, two trials (2,234 participants) reported 

changes from baseline in serum creatinine, and six trials 

(1,712 participants) reported changes from baseline in uric 

acid. One study each reported a change from baseline in 

eGFR, albumin, and the albumin-to-creatinine ratio (220, 

485, and 280 participants, respectively). Statistically signifi-

cant increases in serum creatinine occurred among patients 

receiving SGLT2 inhibitors versus those receiving placebo 

therapy (0.70, [95% CI, 0.03, 1.37], P=0.04). Patients receiv-

ing SGLT2 inhibitors experienced a moderate decrease in 

uric acid compared with patients receiving placebo therapy 

(−0.73 [95% CI −1.24, −0.21], P=0.005) with a heterogene-

ity of 94%. No statistically significant changes occurred for 

eGFR, BUN, albumin levels, and the albumin-to-creatinine 

ratio. Heterogeneity for the eGFR, albumin levels, and the 

albumin-to-creatinine ratio was not applicable because only 

one study each reported these variables.12,17,23 Heterogeneity 

for BUN was 0% as assessed by I2.
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χ

χ

Figure 4 Changes from baseline in FPG for patients treated with SGLT2 inhibitors versus placebo or active control.
Notes: (A) SGLT2 inhibitors compared with placebo. (B) SGLT2 inhibitors compared with active control.
Abbreviations: FPG, fasting plasma glucose; CI, confidence interval; df, degrees of freedom; SGLT2, sodium glucose cotransporter 2; Std, standard; SD, standard deviation.

χ

Figure 5 Changes from baseline in 2-hour PPG for patients treated with SGLT2 inhibitors versus placebo.
Abbreviations: PPG, postprandial glucose; CI, confidence interval; df, degrees of freedom; SGLT2, sodium glucose cotransporter 2; Std, standard; SD, standard deviation.

Changes from baseline in BUN and uric acid for SGLT2 

inhibitors versus active control are shown in Table 3. The 

eGFR, albumin levels, and the albumin-to-creatinine ratio 

were not reported in trials in which SGLT2 inhibitors were 

compared with active control; however, in one trial (335 

participants), changes from baseline in BUN and uric acid 

were reported for these treatments.15

For uric acid (Table 3), statistically significant decreases 

occurred for patients receiving SGLT2 inhibitors versus 

active control (−1.28, [95% CI, −1.58, −0.98], P,0.001). 

However, no statistically significant changes occurred for 

BUN (Table 3). Heterogeneity for BUN and uric acid was 

not applicable because only one study reported these vari-

ables (List et al15).

Change in ketone bodies
Changes in acetoacetic acid, β-hydroxybutyric acid, and 

total ketone bodies for SGLT2 inhibitors compared with 

placebo therapy are shown in Figure 7. Changes in ketone 

levels were not assessed in any of the trials in which SGLT2 

inhibitors were compared with active control. However, for 

the comparison of SGLT2 inhibitors versus placebo therapy, 

three trials (658 participants) reported changes from base-

line in acetoacetic acid and β-hydroxybutyric acid, and two 

trials (491 participants) reported changes from baseline in 

levels of total ketones. No statistically significant changes 

occurred for any of these variables (P=0.93). Heterogeneity 

for acetoacetic acid, β-hydroxybutyric acid, and total ketone 

bodies was 0%.
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Table 3 Renal profile

Variable Comparator Mean  
difference

CI lower  
bound

CI upper  
bound

P-value

Serum creatinine Placebo 0.70 0.03 1.37 0.04
Uric acid Placebo −0.73 −1.24 −0.21 0.005
Uric acid Active −1.28 −1.58 −0.98 ,0.001
Albumin Placebo −0.01 −0.26 0.24 0.94
Albumin/creatinine ratio Placebo −0.00 −0.25 0.25 1.00
BUN Placebo 0.07 −0.02 0.16 0.11
BUN Active 0.18 −0.11 0.46 0.23
eGFR Placebo −0.03 −0.33 0.28 0.86

Abbreviations: CI, confidence interval; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate.

Table 2 Serum lipid level

Variable Comparator Mean  
difference

CI lower  
bound

CI upper  
bound

P-value

HDL Placebo 0.05 −0.04 0.14 0.32
LDL Placebo 0.01 −0.08 0.10 0.83
LDL/HDL ratio Placebo −0.30 −0.57 −0.02 0.03
LDL/HDL ratio Active −0.09 −0.46 0.29 0.65
TG Placebo −0.00 −0.09 0.08 0.94
TC Placebo 0.01 −0.12 0.14 0.85

Abbreviations: CI, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; TC, total cholesterol.
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Figure 6 Changes from baseline in weight for patients treated with SGLT2 inhibitors versus placebo or active control.
Notes: (A) SGLT2 inhibitors compared with placebo. (B) SGLT2 inhibitors compared with active control.
Abbreviations: CI, confidence interval; df, degrees of freedom; SGLT2, sodium glucose cotransporter 2; Std, standard; SD, standard deviation.
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χ

χ

χ

χ

χ

β

Figure 7 Changes from baseline in ketones for patients treated with SGLT2 inhibitors versus placebo.
Abbreviations: CI, confidence interval; df, degrees of freedom; SGLT2, sodium glucose cotransporter 2; Std, standard; SD, standard deviation.

Overall adverse events
Risk ratios for overall adverse events are shown in Table 4. 

For overall adverse events, patients treated with SGLT2 

inhibitors had a greater risk of experiencing an adverse event 

than patients treated with placebos (1.08, [95% CI, 1.01, 1.16], 

P=0.02). Similarly, for adverse events related to treatment, 

the relative risk significantly increased in the SGLT2 inhibitor 

group as compared to that of placebo groups (1.52, [95% CI, 

1.14, 2.02], P=0.004). No statistically significant treatment 

effects occurred for discontinuations due to adverse events, 

deaths, and serious adverse events. Heterogeneity for the 

overall adverse events and adverse events related to treat-

ment was 34.2% and 76.7%, respectively, whereas it was  

0% for serious adverse events, discontinuations due to 

adverse events, and deaths.

No significant difference in risk was found for SGLT2 

inhibitors versus active control for overall adverse events, 

discontinuations due to adverse events, serious adverse 

events, and adverse events related to treatment. Heterogene-

ity for the overall adverse events was 29.6%, whereas it was 

0% for adverse events related to treatment, serious adverse 

events, and discontinuations due to adverse events.

Adverse events by preferred term
Risk ratios for adverse events by preferred term for SGLT2 

inhibitors versus placebo therapy are included in Table 5. 

Overall, the only two adverse events for which the risk 

was significantly greater for patients in either group were 

increased blood ketone bodies and diarrhea. For increased 

blood ketone bodies (two trials; 602 participants), the risk 

was greater for patients receiving SGLT2 inhibitors com-

pared with patients receiving placebo (relative risk =3.80, 

[95% CI, 1.20, 12.00], P=0.02). Patients receiving SGLT2 

inhibitors experienced a lower risk of diarrhea than those 

receiving placebo (relative risk =1.09, [95% CI, 0.57, 

2.09], P=0.80).

Risk ratios for adverse events by preferred term for 

SGLT2 inhibitors versus active control are included in 

Table 5. The adverse events that presented a significant risk 

for patients in either group were diarrhea, rash, and tendonitis. 

The risk of diarrhea was greater for patients receiving active 

control than those receiving SGLT2 inhibitors (0.33, [95% 

CI, 0.14, 0.79], P=0.01). Similarly, the risk of rash and ten-

donitis was greater for patients receiving active control than 

those receiving SGLT2 inhibitors (P=0.05). In the compari-

son of adverse events by the preferred term between SGLT2 

inhibitors and placebo therapy or active control, no obvious 

heterogeneity was found within the trials (I2#45%; P.0.05 

for all adverse events).

Adverse events of special interest
Adverse events of special interest are shown in Table 6. 

For events suggestive of urinary tract infection (eight trials; 

3,253 participants), patients receiving SGLT2 inhibitors 

experienced a greater risk compared with patients receiving 

placebos (relative risk =1.57, [95% CI, 1.04, 2.36], P=0.03). 
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For pollakiuria (six trials; 1,739 participants), patients 

receiving SGLT2 inhibitors experienced a greater risk com-

pared with patients receiving placebo (relative risk =2.91, 

[95% CI, 1.28, 6.61], P=0.01). No other significant difference 

was found between SGLT2 inhibitor and placebo therapy for 

any of the other adverse event categories. Similarly, when 

SGLT2 inhibitors were compared with active control, no 

significant difference was found between the two treatments 

for any adverse event category. No heterogeneity was found 

within trials for either SGLT2 inhibitors versus placebo or 

SGLT2 inhibitors versus active control (I2=0%; P.0.05 for 

all adverse events of special interest).

Discussion
For this meta-analysis, we selected 13 randomized clinical 

trials to evaluate the effect of SGLT2 inhibitors monotherapy 

on glycemic and other clinical laboratory parameters in 

T2DM patients. In addition, we evaluated the risk of diabetic 

ketoacidosis and other adverse effects with SGLT2 inhibi-

tors therapy.

HbA1c
The statistically significant decreases in HbA1c for patients 

receiving SGLT2 inhibitors as monotherapy versus those 

receiving a placebo are similar to results found in other trials 

in which SGLT inhibitors were used as a background or 

add-on therapy. In these studies, decreases in HbA1c were 

observed from baseline to week 26 in the groups receiving 

100 mg and 300 mg of canagliflozin with metformin alone 

or with sulfonylurea, compared with placebo and metformin 

alone or with sulfonylurea.25–27 Similar results were seen in 

studies of empagliflozin and ipragliflozin in combination with 

metformin.28,29 In these studies, those receiving 10–50 mg 

doses of empagliflozin and 12.5–300 mg doses of ipragli-

flozin experienced statistically significant decreases com-

pared with the groups receiving placebo and metformin.28,29 

In this meta-analysis, no statistically significant changes were 

found for HbA1c when SGLT2 inhibitors were compared 

with active control. By contrast, in trials, decreases in HbAlc 

for SGLT2 inhibitors were comparable with or superior to 

active control.30,31 Such differences could be attributed to the 

limited number of eligible trials in which SGLT2 inhibitors 

were compared with active control.

Fasting plasma glucose
Although notable, decreases in FPG that occurred in the 

groups receiving SGLT2 inhibitor treatment compared with 

groups receiving placebo treatment were not statistically 
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significant. Similarly, no significant changes for FPG 

occurred when SGLT2 inhibitors were compared with active 

control. This is different from other trials in which FPG was 

significantly decreased among patients receiving SGLT2 

inhibitors. In trials in which ipragliflozin was compared 

with placebo as part of combination therapy, the treatment 

with ipragliflozin demonstrated statistically significant 

decreases (P#0.05 for the groups receiving ipragliflozin vs 

placebo).32 Similarly, FPG was significantly decreased in 

groups receiving empagliflozin as an add-on to metformin 

in another study.33 In other trials in which SGLT2 inhibi-

tors were compared with active controls, SGLT2 inhibitors 

demonstrated decreases in FPG that were comparable with 

or were significantly greater than those for active control.30,31  

A number of factors could account for these discrepancies. 

For the comparison of SGLT2 inhibitors versus active con-

trol, the limited number of eligible trials could have influ-

enced the results. In addition, in some of the trials, SGLT2 

inhibitors were used in combination with another antidiabetic 

treatment. Although the results for SGLT2 inhibitors versus 

placebo therapy were not statistically significant in this meta-

analysis, the P-value was 0.07, indicating that patients receiv-

ing SGLT2 inhibitors still experienced notable decreases.

2-hour PPG
In this meta-analysis, treatment effects that favored SGLT2 

inhibitors over placebo therapy were not statistically signifi-

cant. These results differ from those found in other trials. In 

a multiple-dose study, 2-hour PPG significantly decreased 

among patients receiving active doses of canagliflozin.26,27 

Such differences could possibly be attributed to individual 

differences among SGLT2 inhibitors. Similarly, in a study 

in which canagliflozin was compared with dapagliflozin, 

excursions in PPG decreased and occurred later during 

canagliflozin treatment versus dapagliflozin treatment.34 

The authors attributed these delays and decreases in PPG 

to a temporary and local inhibition of intestinal SGLT1 that 

is associated with canagliflozin treatment.34 This inhibition 

decreases the rate of absorption of glucose into the intestine.34 

As such, our inclusion of various SGLT2 inhibitors could 

have affected the results.

Body weight
In this meta-analysis, weight significantly decreased for 

SGLT2 inhibitors versus placebo therapy. Similarly, in trials 

of SGLT2 inhibitors, modest decreases were found. Trials 

of dapagliflozin and canagliflozin have revealed that active 

doses of these treatments resulted in decreased body weight 

(P,0.05 for all doses at all time points).35–37 No significant 

decreases in weight occurred for SGLT2 inhibitors versus 

active control; this differs from the results seen in other 

trials. In some trials, SGLT2 inhibitors demonstrated a 

greater weight reduction than those for active control,30 and 

in one study, these changes were found to be statistically 

significant.31 Results on the effects of other SGLT2 inhibitors 

on changes in body weight varied. Body weight decreases 

for two different active doses of dapagliflozin were not sta-

tistically significant in some trials.26,28 Similarly, in a study 

of 12.5 mg, 50 mg, 150 mg, and 300 mg ipragliflozin, the 

changes that occurred at week 12 were statistically significant 

only for the three highest doses (P,0.001 for all values).29 

Possibly contributing to these discrepancies is the use of 

combination treatments such as metformin, sulfonylureas, 

glitazones, or insulin. Metformin is known to facilitate 

weight loss, whereas sulfonylureas, glitazones, and insulin 

facilitate weight gain.38,39 However, weight loss in trials 

has tended to be modest even when it has been statistically 

significant.36–39

Lipid profile
Our results regarding the LDL/HDL ratio are similar to 

those reported in other trials. In this meta-analysis, patients 

receiving SGLT2 inhibitors experienced statistically signifi-

cant decreases in LDL/HDL ratios compared with patients 

receiving placebo therapy. By contrast, small increases in 

the LDL/HDL ratio were seen among patients receiving 

canagliflozin.25 However, the results regarding triglycerides, 

HDLs, and LDLs in this meta-analysis are different from 

those found in other trials. No statistically significant changes 

were seen for triglycerides, HDL, and LDL in this meta-

analysis. By contrast, increases in HDL and LDL occurred 

among patients receiving canagliflozin and dapagliflozin, 

whereas triglycerides decreased for patients receiving these 

agents.25,35,40 Such discrepancies could possibly be attributed 

to the treatments involved. In these trials, SGLT2 inhibitors 

were administered in combination with another antidiabetic 

agent such as metformin, sulfonylurea, or pioglitazone, 

and patients receiving placebos also received one of these 

agents.25,35,40 As such, administration of an additional agent 

might have affected the results in these trials.

Renal profile
Renal parameters are of concern for SGLT2 inhibitor therapy 

because of the effects of SGLT2 inhibition on the kidneys. 

The inhibition of glucose and sodium resorption leads to 

changes in renal function.41 In this meta-analysis, patients 
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receiving SGLT2 inhibitors experienced statistically signifi-

cant increases in creatinine and moderate decreases in uric 

acid compared with patients receiving placebo therapy. This 

differs from results found in other trials. Patients receiving 

dapagliflozin in trials did not experience significant changes 

in creatinine, and the changes among patients receiving 

canagliflozin were small or similar to those for patients 

receiving placebos.36,42 By contrast, the results regarding 

uric acid are similar to those found in other trials. Patients 

receiving dapagliflozin experienced significant decreases in 

uric acid compared with patients receiving placebo therapy.36 

In this meta-analysis, no significant changes were seen in 

eGFR; however, the effects of SGLT2 inhibitors on eGFR 

varied. In studies of ipragliflozin and dapagliflozin admin-

istered to patients with renal impairment, eGFR decreased 

after 1–2  weeks of treatment, stabilized after the first or 

second week, and either remained stable throughout the 

course of the study or returned to baseline levels by the 

end.41,43 Similar results were seen in trials of canagliflozin 

and empagliflozin.26,41 By contrast, eGFR increased among 

patients receiving tofogliflozin. Antihypertensive effects, 

diuretic effects, and increased tubuloglomerular feedback 

may influence these initial decreases.41

Ketones
Diabetic ketoacidosis is of concern during treatment with 

SGLT2 inhibitors because some cases have been reported.44 

Many occurred during off-label use in patients with type 1 

diabetes; however, some cases have occurred in patients with 

T2DM.44 Among patients who participated in randomized 

controlled trials of canagliflozin, the incidence rates ranged 

from 0.238 to 0.763 per 1,000 patient-years.45 Although other 

factors, such as blood glucose levels greater than 300 mg/dL,  

as well as concomitant use of insulin, infections, acute 

illness, decreased carbohydrate intake, missed insulin doses 

or pump failures, recent surgical interventions, and alcohol 

use, could have influenced the development of diabetic 

ketoacidosis in these patients, such cases have prompted the 

Food and Drug Administration to issue a warning regarding 

the condition.41,44,46 In this meta-analysis, no statistically 

significant changes were found for levels of acetoacetic acid, 

β-hydroxybutyric acid, and total ketone bodies. However, 

patients receiving SGLT2 inhibitors were at greater risk of 

increased ketone bodies compared with patients receiving 

placebos. These results differ from those found in other 

trials. Mean levels of ketone bodies, acetoacetic acid, and 

beta-hydroxybutyric acid increased among patients receiv-

ing luseogliflozin and tofogliflozin.45,47–49 However, among 

patients receiving canagliflozin, incidences of diabetic 

ketoacidosis and associated adverse events were relatively 

low (0.03%–0.11%), and the increases in mean total ketone 

bodies ranged from 131.4 μmol/L to 141.6 μmol/L (refer-

ence range #130 μmol/L).45,49 In this meta-analysis, such 

discrepancies could be attributed to the limited number of 

eligible trials in which changes in ketone levels were reported 

as an efficacy variable.

Safety
Overall SGLT2 inhibitors were safe and well tolerated. No 

significant risk was found for discontinuations due to adverse 

events, serious adverse events, and adverse events related to 

treatment for patients receiving SGLT2 inhibitors versus those 

receiving either placebo therapy or active control. No signifi-

cantly increased overall risk of experiencing an adverse event 

was found for patients receiving SGLT2 inhibitors versus 

active control. For patients receiving SGLT2 inhibitors, the 

overall risk of experiencing an adverse event was only slightly 

greater than that for patients receiving placebos.

Apart from increased blood ketone bodies, the greatest 

risk among patients receiving SGLT2 inhibitors compared 

with either active control or placebo therapy was for events 

suggestive of urinary tract infections and pollakiuria. In trials, 

the most frequently reported adverse events among patients 

receiving treatment with SGLT2 inhibitors are female genital 

mycotic infections, urinary tract infections, and increased 

urination.50 Thus, the adverse events that occurred within this 

study were similar to those reported in other trials. Urinary 

tract-related adverse events are of common concern for 

patients receiving SGLT2 inhibitors. For events suggestive 

of urinary tract infection, patients receiving SGLT2 inhibitors 

experienced a greater risk compared with patients receiving 

placebo. For pollakiuria, patients receiving SGLT2 inhibitors 

experienced a greater risk compared with patients receiving 

placebos. This risk is much greater than the actual incidence 

rates reported in trials. The rates of urinary tract infections 

diagnosed among patients receiving dapagliflozin ranged 

from 3.6% to 5.7% and were either similar or slightly higher 

than those among patients receiving placebos (3.7%).50 In a 

postmarketing surveillance study of ipragliflozin, pollakiuria/

polyuria occurred was 1.32%.51 This suggests that the risk 

of experiencing these events may be markedly greater than 

the actual incidences.

Although diarrhea has not been identified as a major 

adverse event in SGLT2 inhibitor trials, it is still of interest 

because of the potential of nonselective SGLT inhibitors 

to cause diarrhea by blocking glucose absorption from the 
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intestine.52 In this meta-analysis, patients receiving SGLT2 

inhibitors did not experience a significantly greater risk of 

diarrhea than patients receiving placebos, and patients receiv-

ing SGLT2 inhibitors were at lower risk of experiencing 

diarrhea than those receiving an active control. Similarly, 

the incidences of diarrhea as an adverse event have been low 

in other trials. In trials in which dapagliflozin was used in 

combination with metformin, patients receiving dapagliflozin 

and metformin reported diarrhea at a rate similar to those 

receiving glipizide and metformin.53 Similar results were 

found for patients receiving dapagliflozin with pioglitazone 

compared with placebo and pioglitazone.54 The safety find-

ings regarding hypoglycemia are similar to those of other tri-

als. In the trials under review, the incidence of hypoglycemia 

in patients receiving canagliflozin was less than that in those 

receiving glimepiride.55 Similarly, in trials of ipragliflozin 

and dapagliflozin, they either experienced hypoglycemia at 

a comparable rate to those receiving placebo therapy or they 

did not experience it at all.29,54

Limitations
A major limitation of this meta-analysis was the inad-

equate reporting of the methodology in the included trials. 

Although only one trial received a “high” score in the 

selective reporting category of the Cochrane Collaboration 

Risk of Bias Tool, at least seven trials received an “unclear” 

score in the categories of random sequence generation, 

allocation concealment, blinding of participants and per-

sonnel, blinding of outcome assessment, and incomplete 

outcome data. These scores were mostly attributable to 

discrepancies or incomplete information regarding how 

randomization was attained, how allocation to a given 

treatment was concealed from participants and personnel, 

and how missing data were accounted for. The inadequate 

reporting of such information could have affected the qual-

ity of this meta-analysis.

Another concern is the lack of reporting of the outcomes 

of interest in the eligible studies, particularly for the assess-

ment of the effects of SGLT2 inhibitors therapy on renal out-

comes compared with placebo and active control treatments. 

The renal parameters such as eGFR, albumin-to-creatinine 

ratio, and albumin levels for patients receiving SGLT2 

inhibitors versus placebo therapy were assessed in one trial, 

and they were not reported in trials in which SGLT2 inhibi-

tors were compared with active control. Similarly, changes 

from baseline in BUN and uric acid for SGLT2 inhibitors 

versus active control were reported in one study. As such, 

the ability to assess the effect of SGLT2 inhibitors for these 

variables in comparison with placebo and active control 

treatments was limited.

Similar issues were found in the assessment of the effect 

of SGLT2 inhibitors on 2-hour PPG and lipid parameters 

as compared with active control. Changes in 2-hour PPG, 

total cholesterol, HDL, LDL, and triglycerides for SGLT2 

inhibitors versus active control were not reported in any 

of the eligible trials. Because none of these variables were 

assessable, the effect of SGLT2 inhibitor therapy on these 

variables as compared with other antidiabetic medications 

could not be determined.

Although inclusion of parameters related to diabetic 

ketoacidosis was a strength of this meta-analysis, changes in 

ketone levels were reported in three trials only. As such, the 

sample size for the assessment of this variable for SGLT2 

inhibitors versus placebo therapy was small, which may 

have skewed the results. Moreover, they were not reported 

for SGLT2 inhibitors versus active control and as such were 

not assessable.

As an increase in the glucagon-to-insulin ratio, increased 

free fatty acids, a shift in substrate oxidation from carbo-

hydrate to fat, and decreases in ketone body clearance may 

make patients taking SGLT2 inhibitors more susceptible to 

developing diabetic ketoacidosis, more research is necessary 

to determine the specific factors responsible for development 

of this condition.41

Conclusion
Overall, SGLT2 inhibitors significantly decreased HbA1c, 

body weight, and the LDL/HDL ratio. They were also safe 

and well tolerated. Compared with either placebo therapy 

or active control, SGLT2 inhibitors posed no risk for dis-

continuation due to adverse events, serious adverse events, 

or adverse events related to treatment. However, given the 

lack of reporting of renal and lipid parameters, more placebo-

controlled trials are necessary to determine their effects on 

these variables, particularly in comparison with other antidi-

abetic medications.
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