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Abstract \\
Background: Dapaglifiozin, a novel inhibitor of sodium-glucose cotransporter-2 (SGLT-2), lowers blood glucose level by |
specifically inhibiting the activity of SGLT-2. Previous studies showed efficacy and safety of dapaglifiozin combined with other
antihyperglycemic agents in type 2 diabetes (T2DM), however, there are few studies for dapagliflozin as monotherapy. The aim of this
study was to assess the efficacy and safety of dapagliflozin as a monotherapy in T2DM and provide theoretical basis for clinical
rational use of drugs.

Methods: We did a systematic review and meta-analysis of randomized, placbo-controlled clinical studies in patients with type 2
diabetes. We searched PubMed, Embase, Cochrane Library, CNKI, Wanfang, and VIP database through October 2018, we also
manually screened list of references to the previous meta-analysis of dapagliflozin in the treatment of type 2 diabetes. Data search
and extraction were completed with a standardized data form and any discrepancies were resolved by consensus. A meta-analysis
was conducted by using RevMan 5.3 software.

Results: Six randomized controlled trials (RCTs) including 2033 patients were analyzed. Compared with placebo, dapagliflozin
monotherapy was associated with a reduction in glycosylated hemoglobin A1c (HbA1c) (weighted mean difference [WMD]: —0.60%;
95% confidence interval [Cl]: =0.67%, —0.52%; P < .00001), fasting plasam glucose (FPG) (WMD: —1.30 mmol/L; 95% CI: —1.52, —
1.08; P<.00001), and body weight (WMD: —1.50kg; 95% Cl: —1.67, —1.32; P<.00001). Dapaglifiozin was associated with an
increased risk of urinary tract infections (relative risk [RR]: 1.74; 95% ClI: 1.21, 2.49; P=.003) and genital tract infections (RR: 3.52;
95% Cl: 2.06, 6.03; P<.00001).

Conclusions: Dapagliflozin monotherapy was well tolerated and effective in reducing the level of HbA1c, FPG, and body weight in
patients with T2DM without increasing hypoglycaemia, although it may increase the risk of urinary tract infections and genital tract
infections. This meta-analysis provides an evidence for the treatment in patients with T2DM. However, more randomized clinical
evidences are still needed to verify the results.

Abbreviations: BMI| = body mass index, Cl = confidence interval, FPG = fasting plasma glucose, HbA1c = glycosylated
hemoglobin A1c, RCT = randomized controlled trial, RR = relative risk, SGLT-2 = sodium-glucose cotransporter-2, T2DM = type 2

diabetes, UTI = urinary tract infection, WMD = weighted mean difference.
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1. Introduction

As the global population ages, the incidence of diabetes is
increasing year by year and people have paid more and more
attention to the treatment of the disease. It is estimated that there
are 451 million (age 18-99 years) people with diabetes in the
world in 2017, this figure was expected to increase to 693 million
by 2045.1" Diabetes mellitus is a chronic metabolic disease
characterized by insulin secretion defects, insulin resistance, and a
progressive loss of B-cell function, which causes an increase in
plasma glucose levels.””! Hyperglycaemia is associated with
microvascular and macrovascular complications in people with
diabetes, the incidence and severity of these complications can be
reduced by early and sustained glycaemic control.”®! Therefore,
the aim of lowering blood glucose is to reduce the risk of long-
term complications such as the damage to eyesight and kidneys of
diabetes. At present, different kinds of antidiabetic agents
including metformin, sulphonylureas, thiazolidinediones, al-
pha-glucosidase inhibitors, dipeptidyl peptidase-4 inhibitors,
and glucagon-like peptide-1 utilize different mechanisms to lower
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blood glucose level in patients with type 2 diabetes (T2DM)
inadequately controlled by diet and exercise. However, most of
them are dependent on insulin secretion or function, it is usually
insufficient to achieve or maintain glycaemic goals with the
progress of diabetes and progressive loss of B-cell function.
Treatment for T2DM requires new mechanisms of action and
synergistic drugs.

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors have
been proposed as a novel therapeutic strategy for diabetes.
The SGLT-2 that specifically expressed in the proximal S1
segment of renal tubular mediates glucose reabsorption in the
early proximal tubule and almost 90% of glucose reabsorption
by the kidney. SGLT-2 inhibitors can reduce renal glucose
reabsorption in the proximal convoluted tubule by specifically
inhibiting the activity of SGLT-2, leading to increased urinary
glucose excretion.*®! Many members of SGLT-2 inhibitors
currently are in varying stages of clinical development, and the
drugs already approved in Europe including canagliflozin,
empagliflozin, and dapagliflozin. The recommended starting
dose of canagliflozin is 100 mg once a day in Europe, the mean
absolute oral bioavailability is approximately 65%, peak plasma
concentrations of canagliflozin occurs within 1 to 2 hours post-
dose, and the half-life was 10.6 hours. The recommended starting
dose of empagliflozin is 10mg once a day in Europe, after oral
administration, peak plasma concentrations of empagliflozin
were reached at 1.5hours post-dose, and the half-life was 12.4
hours. The recommended dose of dapagliflozin is 10 mg once
daily in Europe, while the recommended starting dose in the
United States and China is 5§ mg. It is rapidly absorbed after oral
administration, achieving maximal plasma concentrations within
2 hours, the oral bioavailability following the administration of a
10mg dose is 78%, and the mean half-life was 12.9hours.
Dapagliflozin, a highly selective SGLT-2 inhibitor, was approved
as a monotherapy or add-on therapy for T2DM in the European
Union in November 2012 and in the USA in January 2014, it was
also approved by China’s State Food and Drug Administration in
2017. Previous studies!”*®! showed that dapagliflozin is effective
in reducing HbA1c, FPG, and body weight in models of T2DM
and in clinical trials with less hypoglycemic events. We found
dapagliflozin monotherapy is effective in glucose control and
patif;lt]s] Jhave good adherence due to easy way to use (5-10mg
qd)."”

At present, there are many clinical studies and meta-analysis on
dapagliflozin combined with metformin, sulfonylureas, insulin,
and other hypoglycemic agents for the treatment of T2DM, but
there are few meta-analysis on dapagliflozin as monotherapy for
T2DM. In this review, we summarize the available data
concerning the efficacy and safety of this novel antidiabetes
therapeutic monotherapy.

2. Methods

2.1. Search strategy

We searched PubMed, Embase, Cochrane Library, CNKI,
Wanfang, and VIP database (any date up to October 31,
2018, restricted to randomized clinical trials) with language
restrictions in English and Chinese, search terms used were
“sodium—glucose co-transporter 2 inhibitor,” “SGLT2 inhibi-
tor,” “dapagliflozin,” “efficacy,” and “monotherapy.” No
attempt was made at identifying and retrieving unpublished
studies.

Medicine

2.2. Study selection criteria

All participants were men and women aged 18 to 80 years who
were diagnosed with T2DM based on the standards criteria of
American Diabetes Association (ADA).""" Patients were required
to be drug naive (defined as never received the prescription
medication or received it for <24 weeks since the original
diagnosis) at the enrollment visit. Randomized controlled trials
(RCTs) included in this study were taken to evaluate the efficacy
and safety of dapagliflozin as monotherapy in patients with
T2DM. The trials should last for >12 weeks and the outcomes
should include the changes of HbAlc, FPG, body weight from
baseline. Patients were excluded if they had serious renal,
endocrine, vascular, hematological, or oncological disease.
Articles with significant shortcomings in the study protocol or
data analysis were excluded.

2.3. Data extraction

Two investigators independently extracted data using a stan-
dardized tool. On the basis of the inclusion and exclusion criteria,
the reviewers carefully scrutinized the baseline characteristics of
participants, study design, daily dose of dapagliflozin, efficacy,
and safety outcomes.

2.4. Quality assessment

All of the included studies were evaluated according to the
Cochrane Collaboration’s tool for assessing risk of bias that
includes random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and
other bias."?!

2.5. Statistical analysis

According to the Cochrane System Evaluator’s Handbook, the
data from different studies were transformed and combined, and
then the meta-analysis was performed using RevMan software
5.3 (the software was released by the Cochrane Collaboration,
the Nordic Cochrane Centre, Copenhagen, Denmark). I statistic
was used to analyze the heterogeneity between different studies,
P>.1 showed no statistical heterogeneity between studies, and a
fixed effect model was used, P < .1 indicates statistical heteroge-
neity between studies, which needs to be heterogeneous. We
reduced the heterogeneity by the subgroup analysis. For
continuous data including mean changes from baseline in
HbA ¢, body weight and FPG, we used weighted mean difference
(WMD) and 95% confidence interval (95 %CI), for dichotomous
data like adverse events, while the outcomes were expressed as
the relative risk (RR) and 95%CI. The difference was statistically
significant when P <.05.

3. Results

3.1. Description of the studies

There were 431 possibly related studies obtained through the
literature search, and 6 RCT studies finally included. The process
of literature screening is shown in Supplementary Appendix 1,
http:/links.lww.com/MD/D139. The main characteristics of the
included studies are summarized in Table 1. These RCTs were
published between 2009 and 2014. A total of 2033 participants
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Baseline characteristics of the study population included in the meta-analysis.

Study Study arms included in HbA1c FPG, Body Mean Gender, BMI, Duration of type
Author year duration, wk meta-analyses No (%) mmol/L weight, kg age, y male (n %) kg/m? 2 diabetes, y
C. J. Bailey 2012 24 Dapagliflozin 1 mg once/d 72 7.8 (0.98) 8.63 (2.68) 88.2 (18.49) 53.7 (9.04) 38 (52.8) 3253 (5.68) 1.6 (2.55)
Dapaglifiozin 2.5mg once/d 74 8.1 (1.07) 8.87 (2.86) 84.3 (18.18) 53.5 (10.61) 34 (45.9)  31.13 (5.47) 1.5 (2.19)
Dapagliflozin 5mg once/d 68 7.9 (1.03) 8.72 (2.31) 85.4 (19.43) 51.3 (11.51) 32 (471)  30.97 (5.68) 1.4 (3.24)
Placebo 68 78 (112 8.97 (3.19) 90.0 (17.98) 53.5 (11.08) 37 (54.4)  32.47 (4.91) 1.1 (1.95)
K. Kaku 2014 24 Dapagliflozin 5mg once/d 86  7.50(0.72) 7.63 (1.35) 65.81 (14.37) 57.5(9.3) 50 (58.1)  24.88 (3.91) 4.59 (5.56)
Dapaglifiozin 10mg once/d 88  7.46 (0.61) 7.70 (1.23) 69.70 (13.82) 58.6 (10.4) 53 (60.2)  26.06 (4.52) 4.93 (4.52)
Placebo 87  7.50 (0.63) 7.75 (1.20) 65.96 12.91) 60.4 (9.7) 52 (59.8)  25.22 (4.39) 5.29 6.17)
Linong Ji 2014 24 Dapaglifiozin 5mg once/d 128 8.14 (0.74) 8.57 (1.76) 68.89 (11.43) 53.0 (11.07) 84 (65.6)  25.17 (3.29) 15 (2.3)
Dapaglifiozin 10mg once/d 133 8.28 (0.95) 9.00 (2.40) 70.92 (11.64) 51.2 (9.89) 86 (64.7)  25.76 (3.43) 1 67 2.8)
Placebo 132 8.35(0.95) 9.28 (2.37) 72.18 (13.23) 49.9 (10.87) 87 (65.9) 2593 (3. 64) 1.30 (2.0
E LE F Errannini 2010 24 Dapaglifiozin 2.5mg once/d (morning) 65 7.92 (0.90) 9.11 (2.66) 90.8 (22.8) 53.0 (11.7) 36 (55.4) 32.6 (5.5 0.50 (0.1,2.90)
Dapaglifiozin 5mg once/d (morning) 64 7.86 (0.94) 9.01 (2.50) 87.6 (17.1) 52.6 (10.9) 31 (48.4) 31.9 (4 0.25 (0.10,1.40)
Dapagliflozin 10mg once/d (morning) 70 8.01(0.96) 9.25 (2.30) 94.2 (18.7) 50.6 (9.97) 34 (48.6) 33.6 (5.4) 0.45 (0.10,3.40)
Dapaglifiozin 2.5mg once/d (evening) 67  7.99 (0.99 8.92 (2.55) 88.3 (20.5) 54.3 (11.5) 29 (43.3) 322 (6.3 0.20 (0.10,1.20)
Dapagliflozin 5mg once/d (evening) 68 7.82 (0.91) 8.72 (2.82) 89.2 (20.5) 54.5 (11.0) 29 (42.6) 32.8 (6.3 0.50 (0.15,2.20)
Dapagliflozin 10mg once/d (evening) 76 7.99 (1.05) 9.33 (3.21) 92.1 (22.0) 50.7 9.7) 39 (51.3) 33.3 (5.6) 0.40 (0.10,2.45)
Placebo 75 7.84 (0.87) 8.88 (2.33) 88.8 (19.0) 527 (10.3) 31 (41.3) 323 (5.5 5(0.10,3.40)
K. Kaku 2013 12 Dapagliflozin 1 mg once/d 59 8.10 (0.79) 9.09 (1.84) 68.40 (11.04) 559 (9.7) 47 (79.7) NR 4.89 (4.37)
Dapaglifiozin 2.5mg once/d 56 7.92 (0.74) 8.84 (1.78) 66.61 (14.29) 57.7 9.3) 39 (69.6) NR 4.41 (3.97)
Dapagliflozin 5mg once/d 58 8.05 (0.66) 9.14 (1.31) 68.92 (12.43) 58.0 (9.5) 47 (81.0) NR 5.34 (4.51)
Dapaglifiozin 10mg once/d 52 8.18 (0.69) 9.08 (1.65) 70.35 (17.48) 56.5 (11.5) 39 (75.0) NR 473 (4.73)
Placebo 54 8.12 (0.71) 8.83 (1.73) 68.88 (14.94) 58.4 (10.0) 43 (79.6) NR 474 (3.82)
List JF 2009 12 Dapaglifiozin 2.5mg once/d 59 76 (0.7) 8.05(1.88) 90 (20) 55 (11) 29 (49) 32 (9 NR
Dapaglifiozin 5mg once/d 58 8.0 (0.9 8.5 (2.66) 89 (17) 55 (12) 28 (48) 32 (5) NR
Dapaglifiozin 10mg once/d 47 8 0(0.8) 8.22 (2.11) 86 (17) 54 (9) 25 (53) 31 (5) NR
Dapaglifiozin 20mg once/d 59 7 (0.9 8.27 (2.27) 88 (19) 55 (10) 32 (54) 31(5) NR
Dapaglifiozin 20mg once/d 56 7 8 (1.0) 8.5 (2.33) 92 (19) 53 (10) 25 (45) 32 (4) NR
Placebo 54 7.9 (0.9 8.33 (2.55) 89 (18) 53 (1) 30 (56) 32 (5) NR

Data are means (SD) or median (quartile1 quartile3).; BMI=

were included, 470 patients were in the placebo group, and 1563
in the dapagliflozin groups with different doses. The study
durations lasted from 12 to 24 weeks, the clinical characteristics
were well matched for age, sex distribution, body mass index
(BMI), HbAlc, FPG, and weight in all groups at the beginning of
each study. The dapagliflozin was administered once per day in
the morning in all trials,">¥! at a dose of 1.0 to 50.0mg,
whereas the patients received dapagliflozin once daily in the
evening in one of them.'®! All of the included studies compared
dapagliflozin with placebo. All of the included studies were
evaluated according to the Cochrane Collaboration’s tool, the
result were shown in Fig. 1(A-B).

3.2. Glycosylated hemoglobin Alc (HbA1c)

In all included studies,"~'8! dapagliflozin was compared with
placebo, random effect models and the subgroup analysis were
used to analyze this outcome because of the heterogeneity
between the different groups. Six trials with total of 2033 patients
provided data of HbAlc changed from baseline. The result
shown that dapagliflozin produced greater mean reductions in
HbA1c¢ from baseline, compared with placebo (WMD: —0.60%;
95%CI: -0.67, —0.52; P<.00001, I?=51%). The subgroup
analysis based on the dosage of dapagliflozin showed that, 1, 2.5,
5, and 10mg/d dapagliflozin monotherapy lowered HbAlc
compared with placebo (for 1mg/d dapagliflozin: WMD: -
0.55%3 95%CI: -0.74, -0.36; P <.00001; for 2.5 mg/d dapagli-
flozin: WMD: —0.52%; 95%CI: -0.63, -0.41; P <.00001; for 5
mg/d dapagliflozin: WMD: -0.61%; 95%CL -0.75, -0.47;
P <.00001; for 10 mg/d dapagliflozin: WMD: -0.65%; 95 %CI: -
0.81, -0.49; P<.00001) (Fig. 2).

3.3. Fasting plasma glucose (FPG)

Six trials!*>"'®! measured the change from baseline of FPG.

The results are shown in Fig. 3. Compared with placebo,

body mass index; FPG=fasting blood glucose; HbA1c=glycosylated hemoglobin, NO=number of patients; NR=not reported.

dapagliflozin monotherapy was efficacy to control the level of
FPG (WMD: -1.30 mmol/L; 95%CI: -1.52, -1.08; P <.00001,
I?=75%). The subgroup analysis based on the dosage of
dapagliflozin showed that, 1, 2.5, 5, and 10 mg/d dapagliflozin
lowered FPG level compared with placebo (for 1 mg/d dapagli-
flozin: WMD: ~1.19 mmol/L; 95%CI: —1.83, —0.56; P=.0002;
for 2.5 mg/d dapagliflozin: WMD:-1.10 mmol/L; 95%CI:-1.57,
-0.62; P <.00001; for 5§ mg/d dapagliflozin: WMD: -1.29 mmol/
L; 95%CI: -1.66, -0.93; P <.00001; for 10 mg/d dapagliflozin:
WMD: -1.50 mmol/L; 95%CI: -1.95, -1.05; P <.00001).

3.4. Body weight

In this meta-analysis, all of the included studies!*~'®! involving

2033 patients reported the change of body weight from baseline.
The dapagliflozin was associated with a significant decrease in
body weight compared with placebo (WMD: -1.50kg; 95 %CI: —
1.67,-1.32; P<.00001, I*=0%). The subgroup analysis based
on the dosage of dapagliflozin showed that, 1, 2.5, 5, and 10 mg/d
dapagliflozin reduced body weight compared with placebo (for 1
mg/d dapagliflozin: WMD: -1.30kg; 95%CIL: -1.76, -0.84;
P <.00001; for 2.5 mg/d dapagliflozin: WMD: -1.32kg; 95%CI:
-1.70,-0.94; P <.00001; for 5 mg/d dapagliflozin: WMD: -1.56
kg; 95%CI: -1.86, -1.26; P <.00001; for 10 mg/d dapagliflozin:
WMD: -1.64kg; 95% CI: -1.95, -1.33; P<.00001) (Fig. 4).

3.5. Adverse events
3.5.1. Urinary tract infections (UTIs) and genital infections.

All of the included studies!"*™# involving 2033 patients provided
the data on the signs, symptoms, and events suggestive of urinary
tract infections. Dapagliflozin increased the risk of UTIs (RR:
1.74; 95%CI: 1.21, 2.49; P=.003, [*=0%). Five trials!>1>18!
involving 1722 patients measured the signs, symptoms, and
events that suggestive of genital infections like vulvovaginitis,
balanitis, posthitis. The meta-analysis showed that dapagliflozin
increased the risk of genital infections (RR: 3.52; 95%CI: 2.06,
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Figure 1. (A) Methodological quality graph. (B) Methodological quality summary.

6.03; P<.00001, ’=0%) (The outcome was shown in Figs. 5
and 6). Dapagliflozin increased the risk of UTIs and genital
infections may be related to the drug’s promotion of urine glucose
excretion which can provide favorable conditions for bacterial
and fungal reproduction of the genitourinary system.

3.5.2. Hypoglycemia. Three studies">'*'8 (n=1100) included
in the meta-analysis reported the data on the incidence of
hypoglycemia. The result was shown in Supplementary Appendix
2, http:/links.lww.com/MD/D139. Dapagliflozin monotherapy
did not cause hypoglycaemia (RR: 1.13; 95%CI: 0.62, 2.07;
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
1.1.1 dapagliflozin 1mg
C. J. Bailey2012 068 098 72 002 099 68 35% -0.70[-1.03,-0.37] T
K. Kaku 2013 012 053 59 037 051 54 61% -0.49[0.68,-0.30] D
Subtotal (95% Cl) 131 122 9.6% -0.55[-0.74,-0.36] o
Heterogeneity: Tau? = 0.00; Chi® = 1.18, df = 1 (P = 0.28); I*= 15%
Test for overall effect: Z=5.77 (P < 0.00001)
1.1.2 dapagliflozin 2.5mg
C. J. Bailey2012 072 098 72 002 099 68 35% -0.74[1.07,-041] T —
E LE F ERRANNINI (evening)2010  -0.58 0.88 65 -023 086 75 4.0% -0.35[-0.64,-0.06]
E LE F ERRANNINI (morning)2010  -0.83 09 67 -023 086 75 4.0% -0.60[-0.89,-0.31] -
K. Kaku 2013 011 052 5 037 051 54 61% -048[-0.67,-0.29] T
List JF 2009 071 061 59 -0.18 066 54 51% -0.53[0.76,-0.30] -
Subtotal (95% CI) 319 326 22.7%  -0.52[-0.63, -0.41] <
Heterogeneity: Tau? = 0.00; Chi? = 3.54, df =4 (P = 0.47); 2= 0%
Test for overall effect: Z=9.04 (P < 0.00001)
1.1.3 dapagliflozin 5mg
C. J. Bailey2012 082 09 66 002 099 68 34% -0.84[-1.17,-0.51]
E LE F ERRANNINI (evening)2010  -0.79 09 68 -023 086 75 4.0% -0.56[-0.85,-0.27] -
E LE F ERRANNINI (morning)2010  -0.77 0.88 64 -023 086 75 4.0% -0.54[-0.83,-0.25]
K. Kaku 2013 037 053 58 037 051 54 6.1% -0.74[0.93,-0.55] -
K Kaku2014 041 056 86 -0.06 056 87 6.8% -0.35[-0.52,-0.18] —
Linong Ji 2014 -1.04 08 128 -029 081 132 6.0% -0.75[0.95,-0.55] -
List JF 2009 072 061 58 -0.18 066 54 51%  -0.54[0.78,-0.30] -
Subtotal (95% CI) 528 545 35.5% -0.61[0.75, -0.47] <
Heterogeneity: Tau? = 0.02; Chi? = 15.33, df = 6 (P = 0.02); *=61%
Test for overall effect: Z = 8.48 (P < 0.00001)
1.1.4 dapagliflozin 10mg
E LE F ERRANNINI (evening)2010  -0.79 0.87 76 -023 086 75 4.3%  -0.56[-0.84,-0.28] -
E LE F ERRANNINI (morning)2010  -0.89 092 70 -023 086 75 4.0%  -0.66[-0.95,-0.37] -
K. Kaku 2013 044 05 52 037 051 54 61% -0.81[1.00,-0.62] T
K Kaku2014 045 057 88 -006 056 87 6.8% -0.39[-0.56,-0.22] —
Linong Ji 2014 111 076 133 -029 081 132 62% -0.82[-1.01,-0.63] T
List JF 2009 085 062 47 -0.18 066 54 4.8% -0.67[-0.92,-0.42] -
Subtotal (95% Cl) 466 411 32.2%  0.65[0.81,-0.49] 4
Heterogeneity: Tau? = 0.03; Chi? = 15.44, df = 5 (P = 0.009); I = 68%
Test for overall effect: Z = 8.09 (P < 0.00001)
Total (95% Cl) 1444 1470 100.0%  -0.60 [-0.67, -0.52] ¢

T T T

Heterogeneity: Tau? = 0.01; Chi? = 38.62, df = 19 (P = 0.005); I = 51%
Test for overall effect: Z = 15.72 (P < 0.00001)
Test for subaroun differences: Chiz =2.03. df = 3 (P = 0.57). 1= 0%

T
-1 05 0 0.5 1
dapaglifiozin - placebo

Figure 2. Glycosylated hemoglobin Al1c (HbA1c): dapagliflozin versus placebo.

P=.68, ’=0%). Other study!® has shown that dapagliflozin
may increase the risk of hypoglycemia when combined with other
hypoglycaemic drugs.

3.5.3. Headache. There are 4 trials!'>!%18 (n=1379) included
in this study reported the data of headache. The dapagliflozin
group was similar to the placebo group in the risk of headache
(RR: 0.96; 95%CI: 0.69, 1.35; P=.83, I*=0%). (Supplementary
Appendix 3, http://links.lww.com/MD/D139).

3.5.4. Nasopharyngitis. Five trials!'*~1"!involving 1700 patients

reported adverse event of nasopharyngitis. This meta-analysis

showed that dapagliflozin treatment did not increase the risk of
nasopharyngitis (RR: 1.00; 95%CI: 0.78, 1.27; P=.97, P=0%).
(Supplementary Appendix 4, http:/links.lww.com/MD/D139).

3.5.5. Gastrointestinal symptoms. Different gastrointestinal
symptoms like diarrhea, constipation, gastritis, gastroenteritis,
and nausea were reported in the trials included in this study.
There are 3 studies!'>!®181 (n=1211) reported diarrhea, the
result was shown in Supplementary Appendix 5, http://links.lww.
com/MD/D139, it showed that dapagliflozin monotherapy in
patients with T2DM did not increase the proportion of diarrhea
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dapagliflozin placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% Cl IV, Random, 95% CI
1.2.1 dapagliflozin 1mg
C. J. Bailey2012 061 192 72 023 19 68 44% -0.84[-147,-0.21] T
K. Kaku 2013 087 135 51 062 135 51 50% -149[-2.01,-0.97] T
Subtotal (95% CI) 123 19  95% -1.19[-1.83,-0.56]
Heterogeneity: Tau? = 0.12; Chi? = 2.40, df = 1 (P = 0.12); I = 58%
Test for overall effect: Z = 3.67 (P = 0.0002)
1.2.2 dapagliflozin 2.5mg
C. J. Bailey2012 12 187 74 023 19 68 45% -1.43[-2.05-081] -
E LE F ERRANNINI (evening)2010  -142 186 67 -0.22 187 75 45% -1.20[-1.81,-0.59] -
E LE F ERRANNINI (moming)2010  -0.84 188 65 -0.22 187 75 45%  -0.62[-1.24,0.00] ]
K. Kaku 2013 11 138 53 062 135 51 50% -1.72[-2.24,-1.20] -
List JF 2009 088 128 59 -033 122 54 53% -0.55[-1.01,-0.09] .
Subtotal (95% CI) 318 323 239% -1.10[-1.57,-0.62] 4
Heterogeneity: Tau? = 0.21; Chi? = 14.25, df = 4 (P = 0.007); I = 72%
Test for overall effect: Z = 4.53 (P < 0.00001)
1.2.3 dapagliflozin 5mg
C. J. Bailey2012 -158 1.87 67 023 19 68 44%  -1.81[-245-1.17] -
E LE F ERRANNINI (evening)2010  -1.51 192 68 -0.22 187 75 45% -1.29[-1.91,-0.67] -
E LE F ERRANNINI (moming)2010  -1.33 1.91 64 -022 187 75 45% -1.11[-1.74,-0.48] -
K. Kaku 2013 31 121 41 062 135 51 50%  -1.93[-2.45,-141] T
K.Kaku2014 048 112 86 032 1.08 8 6.0% -0.80[-1.13,-047] -
Linong Ji 2014 -1.39 143 128 014 142 132 59%  -1.53[-1.88,-1.18] -
List JF 2009 -1.05 127 58 -033 122 54 53% -0.72[-1.18,-0.26] o
Subtotal (95% CI) 512 542 357% -1.29[-1.66,-0.93] <
Heterogeneity: Tau? = 0.18; Chi? = 24.41, df =6 (P = 0.0004); I = 75%
Test for overall effect: Z =6.95 (P < 0.00001)
1.2.4 dapagliflozin 10mg
E LE F ERRANNINI (evening)2010  -1.64 193 76 -0.22 187 75 46% -1.42[2.03,-0.81] -
E LE F ERRANNINI (momning)2010  -16 185 70 -0.22 187 75 46% -1.38[-1.99,-0.77] -
K. Kaku 2013 77 137 47 062 135 51 49%  -2.39[-2.93,-1.85] T
K.Kaku2014 076 113 88 032 1.08 8 6.0% -1.08[-141,-0.75] -
Linong Ji 2014 -1.75 146 133 014 142 132 59%  -1.89[-2.24,-154] -
List JF 2009 -1.16 152 47 033 122 58 49% -0.83[-1.37,-0.29] o
Subtotal (95% CI) 461 478 31.0%  -1.50[-1.95, -1.05] <
Heterogeneity: Tau? = 0.25; Chi® = 27.83, df = 5 (P < 0.0001); I* = 82%
Test for overall effect: Z = 6.52 (P < 0.00001)
Total (95% CI) 1414 1462 100.0%  -1.30 [-1.52, -1.08] L 2
Heterogeneity: Tau? = 0.19; Chiz = 76.76, df = 19 (P < 0.00001); I2 = 75% 2 1 : 1 2
Test for overall effect: Z = 11.42 (P < 0.00001) dapagliiozin _placebo

Test for subaroun differences: Chi2=1.54.df =3 (P = 0.67). 1?=0%

Figure 3. Fasting plasma glucose (FPG): dapagliflozin versus placebo.

(RR: 1.33; 95%Cl: 0.77, 2.30; P=.31, [*=18%), and other
gastrointestinal symptoms cannot be meta-analyzed because of
the limitation of the data.

3.5.6. Hypovolaemia. Three studies!">'®!8! (n=1100) included
in the meta-analysis reported the data on the signs, symptoms,
and events suggestive of hypovolaemia such as dehydration. The
dapagliflozin did not increase the risk of hypovolaemia versus
placebo (RR: 0.74; 95%CL 0.32, 1.71; P=.47, I*=0%).
(Supplementary Appendix 6, http:/links.lww.com/MD/D139).

3.5.7. Other adverse events. Some other adverse events were
mentioned in the articles included in this study. There is a
study™3! included in this meta-analysis reported pharyngitis,
dizziness, hypertriglyceridemia, and hypercholesterolemia; other
2 studies"*"5! reported renal impairment; 1 study!'¥ reported
dental caries and another study!! reported toothache, back
pain, cough, thrombocytopenia, increased N-acetyl-B-D-gluco-
saminidase and blood creatine phosphokinase. The above
symptoms occurred in both dapagliflozin groups and placebo
groups except thrombocytopenia and increased blood creatine
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dapagliflozin placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed. 95% ClI
1.3.1 dapagliflozin 1mg
C. J. Bailey2012 269 319 72 -096 322 68 27% -1.73[-2.79,-0.67]
K. Kaku 2013 -125 138 59 -0.05 139 54 11.6% -1.20[-1.71,-0.69] -
Subtotal (95% Cl) 131 122 14.2% -1.30 [1.76, -0.84] o
Heterogeneity: Chiz=0.78, df = 1 (P = 0.38); I*= 0%
Test for overall effect: Z =5.53 (P < 0.00001)
1.3.2 dapagliflozin 2.5mg
C.J. Bailey2012 264 319 74 -096 322 68 27% -1.68[-2.74,-0.62]
E LE F ERRANNINI (evening)2010 38 409 67 -22 346 75 19% -1.60[-2.85,-0.35]
E LE F ERRANNINI (morning)2010 ~ -3.3 403 65 22 346 75 19% -1.10[-2.350.15] - T
K. Kaku 2013 -124 134 56 -005 139 54 11.6% -1.19[-1.70,-0.68] -
List JF 2009 27 274 59 12 3 54 27% -1.50[-2.56,-0.44] -
Subtotal (95% Cl) 321 326 20.8% -1.32[-1.70,-0.94] L 4
Heterogeneity: Chi? = 1.12, df = 4 (P = 0.89); I*= 0%
Test for overall effect: Z = 6.81 (P < 0.00001)
1.3.3 dapagliflozin 5mg
C. J. Bailey2012 269 32 67 -096 322 68 26% -1.73[-2.81,-065] —
E LE F ERRANNINI (evening)2010 36 412 68 -22 346 75 19% -1.40[-2.65,-0.15] -
E LE FERRANNINI (morning)2010 28 4 64 22 346 75 19% -0.60[-1.85,0.65] I
K. Kaku 2013 206 137 58 -005 139 54 116% -2.01[-2.52,-1.50] -
K.Kaku2014 213 243 86 -0.84 244 87 57% -1.29[-2.02,-0.56] -
Linong Ji 2014 -164 257 128 -027 261 132 76% -1.37[-2.00,-0.74] -
List JF 2009 25 311 58 12 3 54 24% -1.30[-243,-0.17] -
Subtotal (95% Cl) 529 545 33.7% -1.56 [-1.86, -1.26] L 4
Heterogeneity: Chi? = 6.46, df = 6 (P = 0.37); = 7%
Test for overall effect: Z = 10.18 (P < 0.00001)
1.3.4 dapagliflozin 10mg
E LE F ERRANNINI (evening)2010 31 348 76 -22 346 75 25% -0.90[2.01,0.21] B
E LE F ERRANNINI (morning)2010  -3.2 418 70 22 346 75 19% -1.00[-2.25,0.25] B
K. Kaku 2013 -1.91 137 52 -005 139 54 11.0% -1.86[-2.39,-1.33] -
K.Kaku2014 222 241 88 -0.84 244 87 59% -1.38[-2.10,-0.66] -
Linong Ji 2014 225 262 133 -027 261 132 76% -1.98[-2.61,-1.35] -
List JF 2009 27 28 47 12 3 54 24% -150[-2.63,-0.37]
Subtotal (95% Cl) 466 477 31.2% -1.64[-1.95,1.33] <&
Heterogeneity: Chiz=5.07, df =5 (P = 0.41); = 1%
Test for overall effect: Z = 10.34 (P < 0.00001)
Total (95% Cl) 1447 1470 100.0% -1.50 [-1.67, -1.32] ¢

T T T

Heterogeneity: Chi? = 15.93, df = 19 (P = 0.66); I> = 0%
Test for overall effect: Z = 16.88 (P < 0.00001)
Test for subaroun differences: Chiz =2.50. df = 3 (P = 0.48). 2= 0%

T
2 -1 0 1 2
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Figure 4. Body weight: dapagliflozin versus placebo.

phosphokinase which only occurred in dapagliflozin groups. At
present, there is no enough data to support the difference between
the dapagliflozin and placebo about these adverse events. There is
a study!™! reported a case on dapagliflozin tablets associated
allergic reaction and fluid filled lesion on legs in a diabetic patient,
and the causality of the event was analyzed by Naranjo’s ADR
probability scale and the score was 5, which can be a probable
event. There are also reports on the increased risk of bladder
cancer and breast cancer with dapagliflozin.

4. Discussion

There are numerous hypoglycemic drugs in clinical use, but most
of them are associated with adverse effects such as hypoglycemia
and weight gain, almost half of patients with T2DM still do not
meet glycaemic targets.*>?!! SGLT2 inhibitors are a new
therapeutic class of oral agents for the treatment of T2DM.
The sodium-glucose cotransporter (SGLT) is a glucose trans-
porter with multiple subtypes including SGLT1 to SGLT6,1**!
SGLT1 and SGLT2 are involved in the glucose reabsorption
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dapagliflozin placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% Cl M-H, Fixed. 95% Cl
1.6.1 dapagliflozin 1mg
C. J. Bailey2012 3 72 1 68 23% 2.83[0.30,26.58] ]
K. Kaku 2013 1 59 1 54 24% 0.92[0.06,14.28]
Subtotal (95% Cl) 131 122 47%  1.87[0.35,9.99] o
Total events 4 2
Heterogeneity: Chi? = 0.39, df =1 (P = 0.53); 1= 0%
Test for overall effect: Z=0.73 (P = 0.47)
1.6.2 dapagliflozin 2.5mg
C. J. Bailey2012 1 74 1 68 24% 0.92[0.06, 14.41]
E LE F ERRANNINI (evening)2010 5 67 3 75 6.5% 1.8710.46, 7.51] -1
E LE F ERRANNINI (morning)2010 3 65 3 75 64% 1.15[0.24, 5.52) -
K. Kaku 2013 0 56 1 54 35% 0.32[0.01,7.73]
List JF 2009 3 59 3 54 72% 0.92[0.19, 4.34] S
Subtotal (95% Cl) 321 326 25.8%  1.13[0.52,2.47] S 2
Total events 12 1
Heterogeneity: Chi?=1.19, df = 4 (P = 0.88); 1= 0%
Test for overall effect: Z = 0.31 (P = 0.75)
1.6.3 dapagliflozin 5mg
C. J. Bailey2012 2 68 1 68 23% 200[0.19,21.54]
E LE F ERRANNINI (evening)2010 8 68 3 75 65% 294[0.81,10.64] T
E LE F ERRANNINI (morning)2010 8 64 3 75 63% 3.13[0.87,11.29 T
K. Kaku 2013 1 58 1 54 24% 0.93[0.06,14.52]
K.Kaku2014 2 86 1 87 23% 202[0.19,21.90]
Linong Ji 2014 5 128 4 132 9.0% 1.2910.35, 4.69] -
List JF 2009 5 58 3 54 71% 1.55[0.39, 6.18] I
Subtotal (95% Cl) 530 545 35.8%  2.03[1.13,3.65] <&
Total events 31 16
Heterogeneity: Chi? = 1.68, df = 6 (P = 0.95); 1= 0%
Test for overall effect: Z = 2.38 (P = 0.02)
1.6.4 dapagliflozin 10mg
E LE F ERRANNINI (evening)2010 5 76 3 75 69% 1.6410.41, 6.64] -
E LE F ERRANNINI (morning)2010 4 70 3 75 6.6% 1.4310.33, 6.16] -1
K. Kaku 2013 2 52 1 54 22% 208[0.19,22.22]
K.Kaku2014 4 88 1 87 23% 3.95[0.45,34.68] -
Linong Ji 2014 7133 4 132 92% 1.7410.52, 5.79] -1
List JF 2009 5 47 3 54 64% 1.9110.48,7.59] D
Subtotal (95% Cl) 466 477 33.6%  1.87[1.01, 3.46] <
Total events 27 15
Heterogeneity: Chi® = 0.64, df =5 (P = 0.99); I= 0%
Test for overall effect: Z = 1.98 (P = 0.05)
Total (95% Cl) 1448 1470 100.0%  1.74[1.21,2.49] L 2
Total events 74 44
Heterogeneity: Chi2 = 5.17, df = 19 (P = 1.00); = 0% ‘0_0 1 0 1 1 1‘0 1 00‘

Test for overall effect: Z=2.99 (P = 0.003)

) ) dapaglifiozin - placebo
Test for subaroun differences: Chi? = 1.50. df =3 (P =0.68). I?=0%

Figure 5. Urinary tract infections: dapagliflozin versus placebo.

process.?>*°! SGLT1 is a high-affinity, low-capacity glucose filtered glucose reabsorption.”®! SGLT2 is a low-affinity, high-
carrier, which mainly located in the small intestine brush border  capacity glucose transporter that is mainly expressed in the S1
and the S3 segment of the renal distal tubule, responsible for 10%  segment of the renal proximal tubule, mediating 90% filtered
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dapagliflozin placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
1.8.1 dapagliflozin 1mg
C. J. Bailey2012 1 72 2 68 126%  0.47[0.04,5.09 *
K. Kaku 2013 0 59 0 54 Not estimable
Subtotal (95% Cl) 131 122 126%  0.47[0.04,5.09] et
Total events 1 2
Heterogeneity: Not applicable
Test for overall effect: Z = 0.62 (P = 0.54)
1.8.2 dapagliflozin 2.5mg
C. J. Bailey2012 5 74 2 68 127%  2.30[0.46,11.45] -1
E LE F ERRANNINI (evening)2010 6 67 1 75 58% 6.72[0.83,54.37] T
E LE F ERRANNINI (morning)2010 5 65 175 57% 577069, 48.12] T -
K. Kaku 2013 1 56 0 54 31% 289[0.12,69.55]
List JF 2009 2 59 0 54 32% 458[0.22,93.38]
Subtotal (95% Cl) 321 326 30.5% 4.08[1.56,10.64] -
Total events 19 4
Heterogeneity: Chi? = 0.86, df =4 (P = 0.93); I= 0%
Test for overall effect: Z = 2.88 (P = 0.004)
1.8.3 dapagliflozin 5mg
C. J. Bailey2012 2 68 2 68 122%  1.00[0.15,6.90] - 1
E LE F ERRANNINI (evening)2010 3 68 1 75 58% 3.31[0.35 31.06] -
E LE F ERRANNINI (morning)2010 5 64 1 75 56% 5.86[0.70,48.86] 0
K. Kaku 2013 1 58 0 54 32% 280[0.12,67.21]
Linong Ji 2014 4 128 1 132 6.0% 4.13[047,36.41] - -
List JF 2009 1 58 0 54 32% 280[0.12,67.21]
Subtotal (95% C) 444 458 36.0%  2.97[1.19,7.42] -
Total events 16 5
Heterogeneity: Chi? = 1.71, df = 5 (P = 0.89); I*= 0%
Test for overall effect: Z=2.33 (P = 0.02)
1.8.4 dapagliflozin 10mg
E LE F ERRANNINI (evening)2010 2 76 175 61% 197[0.18,21.31]
E LE F ERRANNINI (morning)2010 9 70 175 59% 9.64[1.25 74.17] -
K. Kaku 2013 0 52 0 54 Not estimable
Linong Ji 2014 6 133 1 132 6.1% 5.95[0.73,48.79] | -
List JF 2009 1 47 0 54 28% 344[0.14,8242]
Subtotal (95% CI) 378 390 21.0% 5.48[1.77,16.96] .
Total events 18 3
Heterogeneity: Chi? = 1.09, df =3 (P = 0.78); I*= 0%
Test for overall effect: Z=2.95 (P = 0.003)
Total (95% Cl) 1274 1296 100.0%  3.52[2.06, 6.03] <
Total events 54 14
Heterogeneity: Chi? = 6.96, df = 15 (P = 0.96); I = 0% ‘0_0 1 0 1 ! 1‘0 1 00‘

Test for overall effect: Z = 4.59 (P < 0.00001)
Test for subaroun differences: Chi? = 3.56. df =3 (P =0.31). 2= 15.6%

Figure 6. Genital infections: dapagliflozin versus placebo.

dapaglifiozin - placebo

glucose reabsorption.!®! Dapagliflozin, a novel inhibitor of renal Some studies have shown that dapagliflozin was well tolerated
sodium-glucose cotransporter 2, reduces renal glucose reabsorp-  and effective as combination therapy, the drug can significantly
tion, leading to urinary glucose excretion and a reduction in  reduce HbAlc, FPG and body weight without increase risk of
blood glucose levels. hypoglycemia in patients with T2DM,!”-*¢728! furthermore, it can
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reduce blood pressure levels through weight loss and its action as
osmotic diuretic.?*3!1 However, there are few reviews on
dapagliflozin as monotherapy for type 2 diabetes, the aim of this
study was to systematically evaluate the efficacy and safety of
different doses of dapagliflozin monotherapy in the treatment of
type 2 diabetes. The result of this study showed that dapagliflozin
was associated with a significant decrease in HbAlc (P <.00001),
FPG (P <.00001), and body weight (P <.00001) compared with
placebo, it is consistent with previous clinical trials. In the case of
dapagliflozin lowering blood pressure, no meta-analysis was
performed in this study due to limited data. In terms of drug
safety, this study showed that dapagliflozin increased the risk of
UTI (P=.003) and genital infections (P <.00001), the mechanism
by which dapagliflozin increase UTI and genital infections is
unclear, it may be related to the increase in urine sugar, which
provides a growth environment for bacteria and microorganisms.
These studies showed that infections are usually mild to moderate
and respond to standard antimicrobial treatment. While
dapagliflozin was similar to placebo in increasing the risk of
other adverse events including hypoglycemia (P=.68), headache
(P=.83), nasopharyngitis (P=.97), diarrhea (P=.31), and
hypovolaemia (P=.47). It has been reported that patients
experienced a higher rate of hypoglycemic episodes when
receiving dapagliflozin added to glimepiride or insulin versus
placebo added to them,”3?! but no patient discontinued study
treatment as a result of hypoglycaemia. However, our study
showed that dapagliflozin monotherapy does not increase the risk
of hypoglycemic. It is considered that the increased risk of
hypoglycemia may be related to insulin and glimepiride itself
when dapagliflozin is combined with these drugs. Some studies
have shown that patients with dapagliflozin have developed
bladder cancer and breast cancer,>*3* but this conclusion still
needs further clinical trials to evaluate.

However, the literatures searched in this study were limited to
Chinese and English, which leads to publication bias in the
included studies. Since dapagliflozin is a new type of hypoglyce-
mic agent, there are few studies on dapagliflozin monotherapy for
type 2 diabetes, a total of 6 RCTs were included in the meta-
analysis, and the sample size was small, the follow-up time was
shorter, and the probability of bias was higher. The above
conclusions still need more large-sample, long-course, multi-
center clinical randomized controlled trials to evaluate.

5. Conclusion

Our meta-analysis indicates that dapagliflozin was well tolerated
and significantly lowered HbAlc, FPG, and body weight as
monotherapy in patients with T2DM for the first time. Patients
with T2DM take a higher risk of genital infection, treatment with
dapagliflozin increased urine glucose excretion, and increased the
risk of genitourinary infections. However, considering the
limitations of this study, further high quality clinical trials are
needed to evaluate the relevance of adverse events and the safety
of application in specific populations.
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