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Summary

Aims: To evaluate the efficacy and safety of combined therapy with sodium-glucose
cotransporter 2 (SGLT-2) inhibitors plus pioglitazone versus pioglitazone alone in
type 2 diabetic patients.

Materials and Methods: Systematic literature searches were performed across
PubMed, EMBASE, Cochrane Central Register of Controlled Trials, and clinicaltrials.
gov from 1966 to September 2018 to identify randomized, controlled trials. Mean
difference (MD) or odds ratio (OR) was used to evaluate efficacy and safety
end-points (active group vs control group), wherever appropriate. Heterogeneity was
assessed by P value of y? statistics and I%.

Results: Four randomized controlled trials with 1411 diabetic patients were included.
Pooling data from included trials showed that HbAlc change was significantly larger
in both low-dose SGLT-2 inhibitors (MD: -0.59%, 95% ClI: -0.77 to -0.41%) and high-
dose SGLT-2 inhibitors (MD: -0.65%, 95% Cl: -0.78 to -0.53%) plus pioglitazone than
pioglitazone alone in 24-26 weeks. Favourable outcomes were also found in fasting
blood glucose level reduction and more patients achieving HbAlc <7% in SGLT-2 in-
hibitor plus pioglitazone (OR: 3.21, 95% CI: 1.99 to 5.16). Also, SGLT-2 inhibitor plus
pioglitazone vs pioglitazone, reduced weight and blood pressure. The risks of death,
heart failure, hypoglycaemia and urinary tract infection were not different between
active and control groups although genital tract infection was more frequently seen
in SGLT-2 inhibitor group.

Conclusions: Compared to pioglitazone alone, SGLT-2 inhibitor plus pioglitazone im-
proved glycaemic control, reduced body weight and lowered blood pressure, but in-

creased genital tract infection.

KEYWORDS
add-on treatment, meta-analysis, pioglitazone, sodium-glucose cotransporter 2 inhibitor, type

2 diabetes mellitus
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1 | INTRODUCTION

Open Access

Type 2 diabetes mellitus is a progressive disease characterized by
insulin resistance, deterioration of $-cell function and impaired glu-
cose tolerance.! In the United Kingdom Prospective Diabetes Study
(UKPDS), roughly 50% of newly diagnosed type 2 diabetic patients
were adequately controlled with monotherapy after 3 years, which
declined to only about 25% after 9 years.? Combination therapy of
oral anti-hyperglycaemic agents appears to be a more viable strat-
egy for improving glycaemic control.

Multiple classes of oral anti-hyperglycaemic agents are avail-
able.® Pioglitazone, a thiazolidinedione, increases insulin sensitivity
and decreases hepatic gluconeogenesis.* Pioglitazone reduces the
risk of cardiovascular events,>® which is important because type 2
diabetic patients are greatly burdened by cardiovascular disease.’
However, pioglitazone has adverse effects of fluid retention, body
weight gain and heart failure.®? Sodium-glucose cotransporter 2
(SGLT-2) inhibitor, a new class of oral anti-hyperglycaemic agent,
increases urinary glucose excretion by inhibiting renal glucose re-
absorption and facilitating net calorie loss.*® Moreover, the mild os-
motic diuresis'® and caloric loss caused by SGLT-2 inhibitors reduce
body weight, oedema and risk of heart failure.***3

Combining pioglitazone with an SGLT-2 inhibitor to balance fluid
status and body weight might enhance glycaemic and other vascular
risk factor control, while reducing side effects among type 2 dia-
betics. To better assess this notion, we conducted a systematic re-
view and meta-analysis of randomized controlled trials to evaluate
the efficacy (eg, glycaemic control) and safety (eg, hypoglycaemia,
weight change, urinary/genital tract infection) of combined therapy
with pioglitazone plus SGLT-2 inhibitors versus pioglitazone alone, in
type 2 diabetic patients.

2 | METHODS

The current study was conducted in accordance with the recom-
mendations of the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis: the PRISMA Statement.'* This study is exempted

from IRB approval and contains no patient-level data.

2.1 | Search strategy

A systematic search was performed of PubMed, EMBASE, MEDLINE,
the Cochrane Central Register of Controlled Trials, Scopus, and Web
of Science and the clinical trial registry maintained at clinicaltrials.
gov from 1966 to September 2018 with the terms: pioglitazone or
actos AND gliflozin or sodium-glucose cotransporter 2 inhibitor or em-
pagliflozin or dapagliflozin or canagliflozin or ipragliflozin or tofogliflozin
or remogliflozin AND glucose or Hbalc or blood pressure or mortality or
death or heart failure or cancer or infection or hypoglycaemia or oedema
or weight or side effect. We restricted the search to studies in humans
and clinical trials. There was no language restriction. We retrieved
further information by a manual search of references from recent

reviews and relevant published original studies. Two investigators
(HWL and ML) independently conducted the literature search,
screen of abstracts and selection of included trials.

2.2 | Study selection and data abstraction

We selected studies using the following entry criteria: (a) the study
was randomized controlled trial; (b) patients had a history of type 2
diabetes mellitus; (c) the comparison treatment was SGLT-2 inhibitor
plus pioglitazone (active group) vs pioglitazone (control group); (d)
reported at least one measure of the following: mean and standard
deviation (SD) or standard error (SE) were reported for change from
baseline in HbA1c, fasting glucose, and body weight, in active and
control groups; (e) intended follow-up of at least 24 weeks for all
participants. All data from eligible studies were abstracted by two
independent investigators (HWL and ML) according to standard
protocol. Discrepancies were resolved by joint discussion. Recorded
data variables were trial name, year of publication, study area, treat-
ment regimens and daily dose for each group, mean age, number of
participants, number of events/participants in certain end-points
(eg, people who achieved Hbalc <7.0, hypoglycaemia, death, heart
failure, urinary tract infection, genital tract infection), percentage of
women, duration of follow-up and mean and SD or SE of the inter-
ested variables or event of each groups.

2.3 | Quality assessment

All the included studies were randomized controlled trials. Risk of
bias (eg, selection bias, performance bias, detection bias, attrition
bias and reporting bias) of the included trials was assessed according
to the Cochrane risk of bias algorithm (https://www.cochrane.org/

training/cochrane-handbook).*®

2.4 | Data synthesis and analysis

The efficacy end-points were HbAlc change and fasting glucose
change from baseline and patients achieving HbalC <7.0% in active
vs control groups. The safety end-points were patients with hypo-
glycaemia, heart failure, urinary tract infection, genital tract infec-
tion and death in active vs control groups. Additional end-points
were body weight change, systolic and diastolic blood pressure
change from baseline. Study analyses were conducted according
to dose of SGLT-2 inhibitors (high-dose and low-dose). All analyses
were based on the intention-to-treat principle. Mean difference with
standard deviation or odds ratio (OR) with 95% confidence interval
(Cl) was used to estimate the results between the active group and
control group. We used a random effect model to estimate mean dif-
ference between active and control group based on an assumption
that the different trials were estimating different, yet related, inter-

vention effect.?

Adverse effects of the treatment were reported
as events and total number of participants in each trial. A random
effect model based on Mantel-Haenszel method was used when

odds ratio was used. Heterogeneity was assessed by P value of ;(2
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TABLE 1 Continued

SPOTLIGHTY

Rosenstock!®

Forst®’

EMPA-REG P101%20

Study

Placebo: 8.39 + 0.64

Placebo: 8.34 + 1.00

Placebo: 8.0 + 1.0

Placebo: 8.2 + 0.92

Baseline

Endocrinology, Diabetes
I LEY—& Metabolism

Ipra (50 mg): 8.24 + 0.67

Dapa (5 mg): 8.4 + 1.03

Cana (100 mg): 8.0 £ 0.9

Empa (10 mg): 8.1+ .89

HbA1lc, %

Dapa (10 mg): 8.37 + 0.96

Cana (300 mg): 7.9 £ 0.9

Empa (25 mg): 8.1+ .82

Placebo: 170.0 + 29.18 mg/dL

Placebo: 8.92 + 2.61 (mmol/L) (160.7 + 47.0 mg/dL)

Dapa (5 mg): 9.36 + 2.89 (168.6 + 52.1)
Dapa (10 mg): 9.15 + 2.57 (164.9 + 46.3)

Placebo: 9.1 + 2.2 mmol/L
(164 + 39.6 mg/dL)

Placebo: 8.43 + 2.24 (mmol/L)
Empa (10 mg): 8.44 +2.12

Baseline

Ipra (50 mg): 172.9 + 36.8 mg/dL

Fasting
blood

Cana (100 mg): 9.4 + 2.2

(169.4 + 39.6)

Empa (25 mg):8.43 + 2.05

glucose

Cana (300): 9.1 +2.3

(164.0 £ 41.4)

Open Access
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Cana, canagliflozin; Dapa, dapagliflozin; Empa, empagliflozin; Ipra, Ipragliflozin; tx, treatment.

and 2 statistics. Heterogeneity was considered if either the ;{2 test
was significant with the P = 0.05 level or the I? statistic was >70%.
Publication bias was assessed by funnel plot if more than 10 stud-
ies were included. Sensitivity analysis was also performed to further
explore the robustness of our analysis. We evaluated the quality of
evidence for primary and secondary outcomes with the GRADE sys-
tem.'® We used the software, Review Manager Software Package
(RevMan version 5.3, The Cochrane Collaboration, London, UK), for

meta-analysis.

3 | RESULTS

The literature review identified 14 full articles for detailed assess-
ment, of which nine were excluded for comparison between SGLT-2
and pioglitazone (k = 2), comparison between SGLT-2 and placebo
(k = 6) or comparison between GLP-1 receptor agonist plus piogl-
itazone and insulin (k = 1). Our final analysis included five articles
derived from four randomized controlled trials (Figure 51).1620 The
SGLT-2 inhibitors used in the included trials were four different
SGLT-2 inhibitors.***? All included studies had run-in period before
the experiment started, and finally, a total of 1411 individuals were
enrolled. The mean age was 55.2 years old and 44.9% were women.
The baseline characteristics of the included studies are summarized
in Table 1. About 938 participants were randomly assigned to the
active group which received SGLT-2 inhibitor and background treat-
ment with pioglitazone with or without metformin while 473 were
randomly assigned to control group which received pioglitazone
with or without metformin. The 4 included trials had short-term,
core period about half a year (24-26 weeks), and long-term, exten-
sion period (48-76 weeks). In core period, the active group received
add-on treatment with SGLT-2 inhibitor under the background
treatment with pioglitazone with or without metformin and was
compared with control group which received only background treat-
ment. Referring to extension period, study designs were different

among the included trials. Three trials”1820

maintained comparable
groups between SGLT-2 inhibitor plus pioglitazone versus pioglita-
zone in extension period while one trial*’ allowed ipragliflozin use
in a controlled group, and data from this trial were not included for
analysis of extension period. Risk of bias for included trials is pre-

sented in Table S1.

3.1 | Efficacy end-points

The assessment of the quality of a body of evidence for all
end-points is shown in Table S2.

Pooling data from included trials showed that HbalC reduction
was larger in both low-dose SGLT-2 inhibitors plus pioglitazone
(mean difference: -0.59%, 95% Cl: -0.77 to -0.41%, P < 0.001) and
high- dose SGLT-2 inhibitors plus pioglitazone (mean difference:
-0.65%,95% Cl: -0.78 to -0.53%, P < 0.001) than pioglitazone alone
in 24-26 weeks (Figure 1A). The quality of a body of evidence was
found to be low (low-dose) to moderate (high-dose). We conducted
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sensitivity analysis and heterogeneity was not noted after excluding
SPOTLIGHT trial, which related to more substantial HbA1c reduc-
tion. There was no substantial publication bias on funnel plot (Figure
S2). The efficacy of Hbalc reduction was sustained to extension pe-
riod (48-76 weeks; Figure S2A).

Pooling data from included trials showed that more patients with
use of SGLT-2 inhibitor plus pioglitazone than use of pioglitazone
in achieving HbalC <7% (37.5% vs 17.5%; OR: 3.21, 95% Cl: 1.99
to 5.16, P < 0.001), and there was no heterogeneity among trials
(P =0.22; Figure 1B). The quality of a body of evidence was found to
be moderate and additional 230 per 1000 diabetic patients treated

Endocrinology, Diabetes 50f 10
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with SGLT-2 inhibitor plus pioglitazone compared with pioglitazone
alone would achieve Hbalc <7%.

Pooling data from included trials showed fasting glucose reduc-
tion was larger in both low-dose SGLT-2 inhibitor plus pioglitazone
(mean difference: -28.23 mg/dL, 95% Cl: -36.57 to -19.89 mg/
dL, P <0.001) and high-dose SGLT-2 inhibitor plus pioglitazone
(mean difference: -29.46 mg/dL, 95% CI: -35.58 to -23.34 mg/
dL, P < 0.001) than pioglitazone alone (Figure 1C). The quality of
a body of evidence was found to be low. The efficacy of fasting
glucose reduction was sustained to extension period (48-76 weeks;
Figure S2B).

(A) Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Low-dose SGLT2 inhibitor

EMPA-REG PIO (empa10) -0.59 0.8992 165 -0.1 08992 165 26.7% -0.49[-0.68,-0.30] e

Forst (cana 100) -0.89 07441 113 -0.26 0.7507 115 26.7% -0.63[-0.82,-0.44) —_—

Rosenstock (dapa 5) -0.82 08488 141 -0.42 0.9432 139 24.4% -0.40[-0.62,-0.18] —

SPOTLIGHT (ipra) -0.64 0.61 97 0.22 0.81 54 223% -086[-1.11,-0.61) +—=—

Subtotal (95% CI) 516 473 100.0% -0.59[-0.77,-0.41] i

Heterogeneity: Tau® = 0.02; Chi® =8.52,df = 3 (P = 0.04);F = 65%

Test for overall effect: Z = 6.42 (P < 0.00001)

1.1.2 High-dose SGLT2 inhibitor

EMPA-REG PIO (empa 25) -0.72 09073 168 -0.1 0.8992 165 358% -0.62[-0.81,-0.43] —

Forst (cana 300) -1.03 0.7474 114 -0.26 0.7507 115 35.8% -0.77[-0.96,-0.58) —&—

Rosenstock (dapa 10) -0.97 09466 140 -0.42 09432 139 28.4% -055[-0.77,-0.33] —

Subtotal (95% Cl) 422 419 100.0% -0.65[-0.78, -0.53] i

Heterogeneity: Tau® = 0.00; Chi® = 2.34,df = 2(P = 0.31);F = 14%

Test for overall effect: Z = 10.15 (P < 0.00001)

-1 -0.5 0 0.5 1

Test for subqroup differences: Chi® = 0.35,df = 1 (P = 0.56), F = 0% Favours SGLT-2 inhibitor Favours control
(B) Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

EMPA-REG PIO (empa) 84 333 12 165 40.2% 4.30[2.27,8.14] —
Forst (cana) 126 227 37 115 59.8% 2.63(1.64,4.21) ——

Total (95% CI) 560 280 100.0% 3.21[1.99, 5.16] —rRE—

Total events 210 48

Heterogeneity: Tau® = 0.04; Chi® = 1.50,df = 1 (P = 0.22);F = 34% L t t + + i
Test for overall efiect: Z = 4.79 (P < 0.00001) 0.1 0.2 0.5 1 2 5 10

Favours control Favours SGLT-2 inhibitor

(C) Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1Low dose

EMPA-REG PIO (empa 10) -16.93 34.6821 165 6.49 3237 165 26.2% -23.42[-30.66,-16.18] —

Forst (cana 100) -27.02 28.7014 113 25 193028 115 27.4% -29.52[-35.88,-23.16) GRS

Rosenstock (dapa 5) -249 344356 141 -55 341905 139 25.0% -19.40[-27.44,-11.36] i

SPOTLIGHT (ipra) -36.4 3335 97 64 3099 54 21.4% -42.80[-53.40,-32.20) +—=——

Subtotal (95% CI) 516 473 100.0% -28.23 [-36.57, -19.89] el

Heterogeneity: Tau® = 55.53; Chi® = 13.49, df = 3 (P = 0.004); F = 78%

Test for overall effect: Z = 6.63 (P < 0.00001)

1.3.2 High dose

EMPA-REG PIO (empa 25) -21.88 32.6629 168 6.49 3237 165 34.3% -28.47[-35.45,-21.49] ——

Forst (cana 300) -32.4 3075 114 25 193028 115 358% -34.90([-41.56,-28.24] ——

Rosenstock {dapa 10) -286 34.3133 140 -55 341905 139 29.8% -24.10[-32.14,-16.06) ——

Subtotal (95% Cl) 422 419 100.0% -29.46 [-35.58, -23.34] <

Heterogeneity: Tau® = 15.70; Chi® = 4.33,df =2 (P = 0.11); F = 54%

Test for overall effect: Z = 9.44 (P < 0.00001)

-50 =25 0 25 50

Testfor subaroun differences: Chi® = 0.05.df = 1 (P = 0.82).F = 0%

Favours SGLT-2 inhibitor Favours control

FIGURE 1 Glycaemic control efficacy: A, HbA1c change from baseline; B, participants achieved Hbalc <7%,; C, fasting glucose change
from baseline in an SGLT-2 inhibitor plus pioglitazone vs pioglitazone at 24-26 weeks
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plus pioglitazone vs pioglitazone in end-points of HbalC change
(I? = 65%) and fasting glucose change (I? = 78%), probably due to

(A)

Endocrinology, Diabetes
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Heterogeneity was observed among low-dose SGLT-2 inhibitor

stronger glucose reducing effect of ipragliflozin. Heterogeneity dis-
appeared when we excluded SPOTLIGHT study (I? = 18% for Hbalc

change, I? = 50% for fasting glucose change).

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M.H, Random, 95% CI M-H, Random, 95% CI
EMPA-REG PIO (empa) B 333 3 165 841% 0.99 [0.24, 4.01)
SPOTLIGHT (ipra) q 97 0 54 15.9% 1.69(0.07,42.31) + +
Total (95% Cl) 430 219 100.0% 1.08 [0.30, 3.89]

Total events '8 3
Heterogeneity: Tau® = 0.00; Chi® =

0.09,df =1 (P = 0.76); F = 0%

1 1 1 1 Il

0.2 05 1 2 5

Test for overall effect. Z = 012 (P = 0.91) 0.1 10
Favours SGLT-2 inhibitor Favours control
(8) Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M.H, Random, 95% Cl| M-H, Random, 95% CI
EMPA-REG P10 (empa) 48 333 27 165 54.0% 0.86 [0.52, 1.44) ——
Forst (cana) 15 227 9 115 193% 0.83([0.35,1.97) —a——
Rosenstock (dapa) 19 281 11 139 23.9% 0.84[0.39,1.83] S
SPOTLIGHT (ipra) 3 97 1 54 2.7% 1.68[0.17,16.67) *
Total (95% Cl) 938 473 100.0% 0.87 [0.59, 1.26] -‘-
Total events 85 48
Heterogeneity: Tau® = 0.00; Chi* = 0.34, df =3 (P = 0.95); F =0% k ; t + + 1
Test for overall effect: Z = 0.74 (P = 0.46) 0.1 0.2 0.5 1 2 5 10
Favours SGLT-2 inhibitor Favours control
(€) Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
EMPA-REG PIO (ernpa) 20 333 4 165 36.7% 2.57 (0.86, 7.65) o
Forst (cana) 28 227 1 115 10.8% 16.04 [2.15,119.46) ST ra——
Rosenstock (dapa) 38 281 5 139 478% 4.32[1.66,11.22) = +
SPOTLIGHT (ipra) 2 97 0 54 47% 2.85(0.13, 60.52] >
Total (95% CI) 938 473 100.0% 4.04 [2.09,7.81] e
Total events 89 10
Heterogeneity: Tau® = 0.00; Chi® = 2.71, df =3 (P =0.44); F = 0% F t t 1 t i
Testfor overall effect: Z = 4.14 (P < 0.0001) 01 02 05 1 2 5 10
Favours SGLT-2 inhibitor Favours control
(D) Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M.H, Random, 95% CI M-H, Random, 95% ClI
EMPA-REG PIO (empa) 2 333 1 165 64.0% 0.99(0.09,11.01) + +
Forst (cana) i} 227 0 115 Not estimable
Rosenstock (dapa) 1 231 0 139 36.0% 1.48[0.06, 36.86) + el +
Total (95% CI) 841 419 100.0% 1.15[0.17, 7.88] ‘—*—'
Total events 3 1
Heterogeneity: Tau® = 0.00; Chi® = 0.04,df = 1 (P = 0.84);F = 0% ' t t t t 1
Test for overall effect: Z = 0.14 (P = 0.89) 01 02 05 1 2 5 10
Favours SGLT-2 inhibitor Favours control
(E) Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
EMPA-REG PIO (empa) 1 333 0 165 50.0% 1.49[0.06, 36.85] * = é
Rosenstock (dapa) 0 281 1 133 50.0% 0.16[0.01,4.05 &
Total (95% CI) 614 304 100.0% 0.50 [0.05, 4.78) = —
Total events 1 1
Heterogeneity: Tau® = 0.00; Chi® = 0.91,df = 1 (P = 0.34); F = 0% F t f t t 1
01 0.2 0.5 1 2 5 10

Test for overall effect: Z = 0.61 (P = 0.54)

Favours SGLT-2 inhibitor Favours control

FIGURE 2 Safety assessments: A, risk of hypoglycaemia; B, urinal tract infection; C, genital tract infection; D, death rate; E, heart failure;
in an SGLT-2 inhibitor plus pioglitazone vs pioglitazone
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(A) Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
3.1.1 Low dose
EMPA-REG PIO (empa10) -1.62 26975 165 0.34 26975 165 31.9% -1.96[-2.54,-1.38] ——
Forst (cana 100) -26 3183 113 -0.2 32171 115 205% -2.40[-3.23,-1.57) —_—
Rosenstock (dapa 5) -014 33248 141 164 33012 139 225% -1.78[-2.56,-1.00] S
SPOTLIGHT (ipra) -2.29 205 987 051 219 54 252% -2.80[-3.51,-2.09] —_—
Subtotal (95% CI) 516 473 100.0% -2.22[-2.67,-1.77] <

Heterogeneity; Tau® = 0.08; Chi* = 4.72,df = 3(P =0.19); IF = 36%
Test for overall effect: Z = 8.69 (P < 0.00001)

3.1.2 High dose

EMPA-REG PIO (empa 25) -1.47 27219 168 034 26975 165 353% -1.81[-2.39,-1.23) —a—
Forst (cana 300) -37 32031 114 -02 32171 115 32.0% -3.50[-4.33,-2.67] +=—
Rosenstock (dapa 10) 009 3313 140 164 33012 139 32.7% -1.55[-2.33,-0.77] —
Subtotal (95% Cl) 422 419 100.0% -2.27 [-3.36, -1.17] e

Heterogeneity: Tau® = 0.80; Chi® = 13.73,df = 2 (P = 0.001); F = 85%
Test for overall effect: Z = 4.05 (P < 0.0001)

L 1 I ]
T T 1

-4 -2 0 2 4
Test for subgroup differences: Chi* = 0.01,df = 1 (P =0.94), F = 0% Favours SGLT-2 inhibitor Favours control
(B) Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.2.1 Low dose
EMPA-REG PIO (empa 10) -31 11.5607 165 0.7 11.5607 165 37.7% -3.80[-6.29,-1.31) —
Forst (cana 100) -5.3 106301 113 -1.2 107238 115 306% -4.10[-6.87,-1.33] e —
Rosenstock (dapa 5) -34 142492 141 1.3 141478 138 21.2% -4.70[-8.03,-1.37) _—
SPOTLIGHT (ipra) -5.9 13.8 97 -25 14.5 54 10.4% -3.40[-8.14, 1.34)
Subtotal (95% CI) 516 473 100.0% -4.04 [-5.57,-2.51] ~=gfip-
Heterogeneity: Tau?= 0.00; Chi*= 0.26, df= 3 (P = 0.97); F= 0%
Test for overall effect: Z= 5.17 (P < 0.00001)
3.2.2 High dose
EMPA-REG PIO (empa 25) -4 103692 168 0.7 11.5607 165 44.9% -4.70(-7.06,-2.34] ——
Forst (cana 300) -47 106771 114 -1.2 107238 115 325% -3.50[-6.27,-0.73] ———
Rosenstock (dapa 10) -0.8 14.1986 140 1.3 141478 138 226% -2.10[-5.43,1.23] —_—
Subtotal (95% CI) 422 419 100.0% -3.72[-5.30,-2.14] s
Heterogeneity: Tau® = 0.00; Chi® = 1.60,df = 2(P = 0.45);F = 0%
Testfor overall effect: Z = 4.61 (P < 0.00001)

-10 -5 0 5 10

Test for subaroup differences: Chi® = 0.08,df = 1 (P = 0.78).F = 0% Favours SGLT-2 inhibitor  Favours control
(©) Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
3.3.1 Low dose
EMPA-REG PIO (empa 10) -1.5 6.4226 165 03 64226 165 351% -1.80[-3.19,-0.41] m=i—
Forst (cana 100) -3.3 74411 113 -09 7.5067 115 27.0% -2.40[-4.34,-0.46] Tl
Rosenstock (dapa 5) -31 94995 141 0.7 94319 139 236% -3.80[-6.02,-1.58] T
SPOTLIGHT (ipra) -4.1 8.4 97 1.7 10.7 54 142% -580[-9.11,-249 ————
Subtotal (95% CI) 516 473 100.0% -3.00 [-4.47,-1.54] B
Heterogeneity: Tau®= 1.10; Chi*= 6.03, df=3 (P=0.11); F=50%
Test for overall effect: Z= 4.01 (P < 0.0001)
3.3.2 High dose
EMPA-REG PIO (empa 25) -2.2 6.4807 168 03 6.4226 165 51.2% -2.50[-3.89,-1.11] —i—
Forst (cana 300) -35 7474 114 -09 75067 115 26.1% -2.60[-4.54,-0.66] —
Rosenstock (dapa 10) -1 8.2825 140 0.7 94319 139 227% -1.70[-3.78,0.39) —
Subtotal (95% CI) 422 419 100.0% -2.34[-3.34,-1.35] <
Heterogeneity: Tau® = 0.00; Chi® = 0.48,df = 2(P = 0.79); 1 =0%
Test for overall effect: Z = 4.63 (P < 0.00001)

-10 -5 0 5 10
Test for subaroup differences: Chi® = 0.53.df = 1 (P = 0.47).F =0% Favours SGLT-2 inhibitor Favours control

FIGURE 3 Body weight and blood pressure change from baseline: A, body weight change; B, systolic blood pressure change; C, diastolic
blood pressure change in an SGLT-2 inhibitor plus pioglitazone vs pioglitazone

hypoglycaemia (OR: 1.08, 95% Cl: 0.30 to 3.89, P = 0.91; Figure 2A)
or urinal tract infection (OR: 0.87, 95% Cl: 0.59 to 1.26, P = 0.46;
Pooling results from the included trials showed that SGLT-2 inhibitor Figure 2B) but did increase genital tract infection (OR: 4.04, 95%
plus pioglitazone compared with pioglitazone did not increase risk of Cl: 2.09 to 7.81, P <0.001; Figure 2C). The death rate was not

3.2 | Safety end-points
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significantly different between active group and control group (OR:
1.15,95% Cl: 0.17 to 7.88, P = 0.89; Figure 2D). The heart failure was
not significantly different between active group and control group
(OR:0.50, 95% Cl: 0.05 to 4.78, P = 0.54; Figure 2E). The quality of a
body of evidence was found to be low to moderate.

3.3 | Body weight and blood pressure change

At the short-term core period, pooling data from included trials
showed that both low-dose and high-dose SGLT-2 inhibitors plus
pioglitazone were associated with larger weight change than piogl-
itazone alone (low-dose: mean difference: -2.22 kg, 95% Cl -2.67 to
-1.77 kg, P < 0.001; high-dose: mean difference: -2.27 kg, 95% Cl
-3.36 to -1.17 kg, P < 0.001; Figure 3A). Heterogeneity was noted
in high-dose SGLT-2 inhibitors (P = 0.001). The quality of a body of
evidence was found to be low. The body weight reduction was sus-
tained to extension period (Figure S3A).

Pooling data from included trials showed that both low-dose
(mean difference: -4.04 mm Hg, 95% Cl: -5.57 to -2.51 mm Hg,
P < 0.001) and high-dose (mean difference: -3.72 mm Hg, 95% ClI:
-5.30 to -2.14 mm Hg, P < 0.001) SGLT-2 inhibitors combined with
pioglitazone had a better systolic blood pressure control than piogl-
itazone at the end of core period (Figure 3B). Pooling data from in-
cluded trials showed that both low-dose (mean difference: =3.00 mm
Hg, 95% Cl: -4.47 to -1.54 mm Hg, P < 0.001) and high-dose (mean
difference: -2.34 mm Hg, 95% CI: -3.34 to -1.35 mm Hg, P < 0.001)
SGLT-2 inhibitors combined with pioglitazone had a better diastolic
blood pressure control than pioglitazone at the end of core period
(Figure 3C). The quality of a body of evidence was found to be mod-
erate to high. Similar results were found at the end of 48-72 weeks
(Figure S3B,C).

4 | DISCUSSION

In this meta-analysis comprising 4 randomized controlled trials with
more than 1400 type 2 diabetic patients, we found SGLT-2 inhibi-
tors added on to pioglitazone were more efficacious in controlling
blood glucose than pioglitazone alone, as shown with several indices
of better glycaemic control such as HbAlc reduction, lower fasting
glucose and percentage of participants achieving HbAlc <7%. Also,
SGLT-2 inhibitor as add-on therapy to pioglitazone vs pioglitazone,
reduced weight and blood pressure. The risks of death, heart fail-
ure, hypoglycaemia and urinary tract infection were not different
between active and control groups, although genital tract infection
was more frequently seen in active group. These results were con-
sistent at 24-26 weeks and 48-72 weeks.

Although metformin is widely accepted as the first line of oral
hypoglycaemic drug for type 2 diabetes mellitus,?! the number of
patients who achieve the target glucose level with a single oral anti-
hyperglycaemic agent decreases as type 2 diabetes mellitus pro-
gresses.2 Combination therapy of anti-hyperglycaemic drugs is often
necessary to achieve glycaemic goal.

Our meta-analysis showed that compared to pioglitazone
alone, SGLT-2 inhibitor plus pioglitazone was associated with sus-
tained glycaemic control, without increasing risk of hypoglycaemia.
Hypoglycaemia due to anti-hyperglycaemic drugs causes significant
morbidity and occasional mortality, limiting maintenance of euglycae-
mia.?? A meta-regression analysis suggested that HbAlc reduction
was significantly associated with a decreased risk of major cardio-
vascular events.?® Furthermore, an anti-hyperglycaemic drug, which
improves cardiovascular outcomes, is considered to be the therapeu-
tic agent of choice.?*?® Both pioglitazone and SGLT-2 are associated
with reduction of major cardiovascular events.®*32% Pioglitazone,
an insulin sensitizer agent, might slow down, or even reverse, the
atherosclerotic process, thus reducing myocardial infarction and

27-29

stroke, and the benefits of pioglitazone are most prominent in di-

abetic patients with established cardiovascular disease or stroke.3031
On the other hand, SGLT-2 inhibitors reduce major cardiovascular
events, mainly through reducing cardiovascular death.’®2% SGLT-2
inhibitors also substantially reduced heart failure.*®?° Heart failure
may play a role in the mortality of patients with coronary artery dis-
ease, and reduced risk of death through heart failure may provide at
least one mechanism to explain the reduced risk of cardiovascular
death with SGLT-2 inhibitors.?? Also, our meta-analysis showed that
SGLT-2 inhibitors plus pioglitazone vs pioglitazone reduced systolic/
diastolic blood pressure by 3-4/2-3 mm Hg which might also be ben-
eficial for diabetic patients. Taking all of this together raises the pos-
sibility that the combination of metformin, pioglitazone and a SGLT-2
inhibitor might be additive, with regard to reducing, cardiovascular
risk in people with diabetes at high cardiovascular risk.?’

Pioglitazone was found to increase the risk of heart failure,
probably due to fluid retention, and increased body weight.®?
On the other hand, osmotic diuresis caused by SGLT-2 inhibitors
leads to mild volume depletion and total caloric loss related to uri-
nary glucose excretion participates.11 Our study suggested that
combination therapy with SGLT-2 inhibitor and pioglitazone sig-
nificantly reverses the side effect of body weight gain caused by
pioglitazone. Also, moderate weight loss has been shown to help
fasting blood glucose control,®® and such benefits can be achieved
through long-term combination therapy with SGLT-2 inhibitor
and pioglitazone. Moreover, since main composition of reduced
body weight caused by SGLT-2 inhibitor was fat mass, rather than
muscle mass,** it would not cause additional problem of fragility.
Although the current meta-analysis did not assess end-point of
heart failure due to such information not provided by included
trials, it is plausible that combination of SGLT-2 inhibitor and pi-
oglitazone would have fewer heart failure than pioglitazone since
SGLT-2 inhibitors have been shown to substantially reduce heart
failure in large clinical trials.?®2¢3% From the perspective of safety,
combination therapy with SGLT-2 inhibitor plus pioglitazone might
be a better choice than pioglitazone for the treatment of type 2
diabetes mellitus in most clinical scenarios if patients can follow
good hygiene to avoid genital tract infection, and there are no con-
traindications, such as severe chronic kidney disease, for use of
SGLT-2 inhibitors.
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When the first-line anti-hyperglycaemic drug metformin is in-
adequate for blood glucose control, we argue that adding pioglita-
zone and an SGLT-2 inhibitor simultaneously might be an attractive
strategy compared with other combination of anti-hyperglycaemic
drugs. For example, although combination therapy with an SGLT-2
inhibitor and a glucagon-like peptide-1 receptor agonist may pro-
duce additive cardiovascular benefits,®® cost concerns make some
countries, such as Taiwan, not to allow national health insurance
to reimburse for doing so. Also, combination therapy with gluca-
gon-like peptide-1 receptor agonist, exenatide and pioglitazone is a
very effective and safe therapeutic option in diabetic patients with
poorly controlled by metformin plus a sulfonylurea,®” but some peo-
ple may hesitate to receive regular injection if they have an option
for diabetic control by only through oral anti-hyperglycaemic drugs.

Our study has limitations. First, meta-analysis may be biased when
the literature search fails to identify all relevant trials. To minimize
these risks, we performed thorough searches across multiple litera-
ture and trial databases and used explicit criteria for study selection,
data abstraction and data analysis. Second, sample size was moderate
in all included trials, and no end-point of major cardiovascular events
was assessed. Also, the individuals with previous cardiovascular dis-
ease were excluded from included trials. Whether combination of
SGLT-2 inhibitor and pioglitazone has beneficial effects on cardiovas-
cular outcomes, especially in patients with high cardiovascular risk,
was not known in the current meta-analysis. Third, the quality of a
body of evidence was found to be low to moderate in most end-points.

In conclusion, in this meta-analysis of randomized controlled trials
comparing an SGLT-2 inhibitor plus pioglitazone vs pioglitazone, we
found that an SGLT-2 inhibitor plus pioglitazone was associated with
better glycaemic control, and reduced body weight and blood pres-
sure, without any increase in hypoglycaemia, death or urinary tract
infection. However, genital tract infection increased with combina-
tion therapy. Large randomized controlled trials might be warranted
to evaluate whether such combination therapy is beneficial for cardio-

vascular outcomes in diabetic patients with high cardiovascular risks.
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