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Background: Previous studies have suggested benefits of sodium glucose co-transporter 2 (SGLT2) inhibitors
including improving glycemic control, lower body weight, uric acid-lowering effect and decreasing blood
pressure. The aim of this study was to evaluate the effects of SGLT2 inhibitors on hematocrit (Hct) levels in
patients with type 2 diabetes mellitus.

Methods: Embase, CENTRAL, PubMed and other databases were searched from the establishment of the
database through to July 2020. Randomized controlled trials (RCTs) involving patients with type 2 diabetes
mellitus who were treated with SGLT2 inhibitors were analyzed using the random effects model. Stata 12.0
statistical software was used to estimate the weighted mean difference (WMD) and the 95% confidence
intervals (CIs).

Results: A total of 40 RCTs were included, comprising 21,050 patients. SGLT?2 inhibitors resulted in a
significant increase in Hct levels compared to patients treated with a placebo (WMD 2.67%, 95% CI, 2.53
to 2.82; P<0.001). Treatment with 2.5, 5, and 10 mg of dapagliflozin significantly increased Hct levels (WMD
1.96%, 2.27%, and 2.47%, respectively; P<0.001). Administration of 100 and 300 mg of canagliflozin
also resulted in a significant increase in Het (WMD 2.91% and 2.94%, respectively; P<0.001). Similarly,
empagliflozin, at concentrations of 10 and 25 mg, caused a significant increase in Het (WMD 3.39% and
3.44%, respectively; P<0.001). However, treatment with ipragliflozin (12.5 and 50 mg) and ertugliflozin (5
and 15 mg) only resulted in a slight increase in patient Het levels (WMD 1.26% and 1.98%, respectively for
ipragliflozin, P>0.05; WMD 2.24% and 2.64%, respectively for ertugliflozin; P>0.05).

Discussion: SGLT?2 inhibitors, as a class of drugs, increased Hct levels in patients with type 2 diabetes,
and this increase was slightly more pronounced at higher doses compared to lower doses.

Trial registration: The protocol of this study has been submitted to the PROSPERO platform (https://
www.crd.york.ac.uk/PROSPEROY), and the registration number is CRD42020200699.
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Introduction

Type 2 diabetes mellitus is a progressive disease
characterized by high glucose levels. It is associated with an
increased risk of cardiovascular death, myocardial infarction,
stroke, and heart failure (HF) (1,2).

Sodium glucose co-transporter (SGLT) 2 inhibitors
reduce blood glucose levels by inhibiting the reabsorption
of glucose through the SGLT?2 receptors in the proximal
tubule of the kidneys (3,4). Large-scale randomized
controlled trials (RCTs) including EMPA-REG
OUTCOME, CANVAS, DECLARE-TIMI5S8, DAPA-HE,
and CREDENCE, have shown that SGLT2 inhibitors can
exert cardiorenal benefits (5).

Hematocrit (Hct) is the volume percentage of red
cells in total blood and it may be related to mortality
and coronary heart disease (6,7). Previous studies have
indicated a dual effect of Het on all-cause mortality and
morbidity from cardiovascular diseases (CVDs), and the
effects tend to be J- or U- shaped. Furthermore, Het was
significantly related to the incidence of CVD, myocardial
infarction, stroke, and coronary heart disease in younger
patients, suggesting that Hct is an important risk factor
associated with some CVD events (8). Lowe et al. (9)
reported that a 3.8% elevation in Het was associated with
a 39% increased risk for stroke, suggesting that high Het
levels are related to an increased risk of cardiovascular
outcomes. While the upper limit of Hct level varys, the
conclusion is consistently that high hematocrit increases
the risk of some cardiovascular disease. In addition, Hct
has also been shown to play an important role in blood
viscosity and oxygen delivery dynamics. An increased
Hct level within normal ranges may be beneficial to the
vasculature (8,10-13). This meta-analysis of RCTs was
conducted to determine the effects of SGLT?2 inhibitors
on Hect levels in patients with type 2 diabetes mellitus.
We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-1022).

Methods
Search strategy

This meta-analysis was performed according to the
Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) Statement and was registered
with the International Prospective Register of Systematic
Reviews (CRD42020200699) (14). The following
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electronic databases were searched from inception to July
2020: Embase, Cochrane Central Register of Controlled
Trials (CENTRAL), PubMed, ScienceDirect, Wiley,
SpringerLink, and ClinicalTrials.gov. The search terms
were as follows: dapagliflozin, canagliflozin, empagliflozin,
sotagliflozin, ertugliflozin, ipragliflozin, luseogliflozin,
tofogliflozin, SGL'T2 inhibitors, and Het.

Selection criteria

The literature was selected according to the following
inclusion criteria: (I) RCTs involving patients with type 2
diabetes mellitus; (II) the study intervention was SGLT?2
inhibitor alone or in combination with other antidiabetic
drugs (OAD); (III) the study compared SGLT?2 inhibitors
with OAD or placebo; and (IV) the study measured changes
in Hct levels from baseline. Observational studies, cohort
studies, trials with less than 4 weeks duration, and trials and
with no comparison data were excluded.

Data extraction

Two investigators independently reviewed the titles,
abstracts, and full text articles. The following information
was collated: first author, year of publication, drug
of dosage, intervention drug, comparison (OAD or
placebo), total number, baseline Hct, baseline age,
baseline hemoglobin (Hb)Alc , baseline body mass index
(BMI), duration of therapy, and add-on OAD regimens.
Any discrepancies between the two investigators were
resolved through discussion and consultation with a third
investigator.

Quality assessment

Risk of bias were independently assessed by two
investigators according to the Cochrane collaboration
tools, and any disagreements were solved by
discussion (15). This tool captures six main sources of
bias, including random sequence generation, allocation
concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
and selective reporting. Each item was defined as low risk,
high risk, or unclear risk.

Statistical analysis

For continuous variables (such as Hct), pooled weighted
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Figure 1 A flowchart summarizing the selection process to identify randomized controlled trials (RCTs) to be included in this meta-analysis.

mean difference (WMD) and 95% confidence interval
(CI) between treatment groups were calculated.
Heterogeneity between studies was assessed using I’
statistics. The fixed-effects model was used for analysis if
there was no statistical heterogeneity (I'<50%), otherwise,
the random-effects model was used for analysis. Pre-
specified subgroup analysis was stratified by type and
dosage of SGLT?2 inhibitor. The WMD and 95% CI was
used to assess the changes in Het levels from baseline in
patients treated with each SGLT2 inhibitor and compared
with patients treated with a placebo.

Leave-one-out studies were performed for sensitivity
analysis. Meta-regression analyses were performed to
evaluate whether the pre-specified covariates of dosage,
duration of therapy, add-on therapy, baseline HbAlc,
baseline age, and baseline BMI were associated with Het
changes from baseline, corrected for placebo, for each
SGLT?2 inhibitor. Publication bias was evaluated using
Begg’s test and Egger’s regression analysis. All statistical
analyses were conducted with Stata software package
(version 12.0; Stata Corp LP, College Station, Texas). The
significance level was set at 0=0.05.
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Results
Summary of the included literature

Figure 1 summarizes the flowchart of the study selection
process. A total of 350 articles were identified and 40 RCTs
published from 2009 to 2020 were considered appropriate
based on the inclusion criteria. Of these, 10 studies
compared dapagliflozin with a placebo as monotherapy
or add-on OAD, 6 studies compared canagliflozin with a
placebo, 14 studies compared empagliflozin with a placebo,
8 studies compared ipragliflozin with a placebo, and 2
studies compared ertugliflozin with a placebo.

The characteristics of the selected trials are shown in
Tuble 1. The sample size ranged from 36 to 7,020, totaling
21,050 patients with type 2 diabetes mellitus. The duration
of therapy ranged from 4 to 206 weeks. The selected trials
enrolled subjects with type 2 diabetes mellitus, hypertension
(HP), HE, and chronic kidney disease (CKD).

Risk of bias

Details for the risk of bias assessment are displayed in Zible 2.
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Table 2 Risk of bias assessment of the included studies according to the Cochrane guideline

Blinding of Selective

S Allocati Out | let
Study equen.ce ocation participants, utcome neomplete outcome Other bias
generation concealment assessors outcome data .
personnel reporting
List JF 2009 L
Singh JSS 2020

Strojek K 2010
Bailey CJ 2010
Bailey CJ 2012
Wilding JPH 2012
JiL 2014

Schumm-Draeger PM 2015

Araki E 2016
Bolinder J 2012
Inagaki N 2014
Inagaki N 2016
Sha S 2014
Rosenstock J 2012
Yale JF 2013
Forst T 2014
Haering HU 2015
Kovacs CS 2015
Merker L 2015
Rosenstock J 2015
Softeland E 2017
Roden M 2015
Zinman B 2015
Kadowaki T 2014
Ridderstrale M 2014
Barnett AH 2014
Araki E 2015
Defronzo RA 2015
Nishimura R 2015
Tikkanen 1 2015
Kashiwagi A 2014
Lu CH 2016
Kashiwagi A 2014
Kashiwagi A 2015
Kashiwagi A 2015
Wilding JPH 2012
Han KH 2018
Kashiwagi A 2014
Aronson R 2018
Gallo S 2019

rr mI*~r-rrCcrrcrrrrrrrrrc¢&Errr.Q]rrcrrrcrrmrOcrrrrrrr c_c

-

rrrccrnmrc¢crcrnrrrr-rrrcrrrrcrrcrmCccrrrrr Ccrr - cCc c

-

rrrrrrrrrrF"r—Fr—~Hr~—'‘rrrrr-rr- - rrrr - -- - - - - r-r-r*-C

rrr—rr~crrr-rr~c-ccccrrcccrcccrrrmcrrDccrcrrr-cC C
rccrrrO OO CI>»r T " OO OO TIrOOrOrOCOOOCbCCCf KD -K-Korrr
r-rrrr—r—r-'r-r-rrrr----~-r~r~~ ™~ - - -~~~ ~"rr-r-- - - - - " -
r—rcrm—rCcrrrrcrrcrrrnr-rrnr-rcrrrcrcrmrccoccocrrbCcrh b cCc

L, low risks of bias; H, high risks of bias; U, unclear risks of bias.
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The majority of included studies had a low risk of bias
for random sequence generation, allocation concealment,
and blinding of participants and personnel. However, 17
included studies showed insufficient information regarding
blinding of outcome assessment. Additionally, 3 clinical
trials showed a high risk of bias for incomplete outcome
data, and 3 clinical trials had an uncleared risk of bias.
Finally, all studies showed a low risk of bias for selective
outcome reporting. There was no evidence of publication
bias, as demonstrated by Begg’s test (P=0.898) and Egger’s
regression analysis (P=0.162).

The effect of SGLT2 inbibitors on Hct levels

This meta-analysis demonstrated that overall, the SGLT2
inhibitors caused a significant increase in Het levels
(WMD 2.67%, 95% CI, 2.53 to 2.82, I'=98.5%, P<0.001).
Furthermore, each of the following SGLT?2 inhibitors
significantly increased Hct levels, including dapagliflozin
(WMD 2.25%, 95% CI, 2.02 to 2.48, 1'=99.5%, P<0.001),
canagliflozin (WMD 2.63%, 95% CI, 2.30 to 2.96,
I’'=83.7%, P<0.001), and empagliflozin (WMD 3.42%,
95% CI, 3.09 to 3.75, '=86.8%, P<0.001). Ipragliflozin
(WMD 1.85%, 95% CI, 1.62 to 2.07, I’=0%, P>0.05), and
ertugliflozin (WMD 2.45%, 95% CI, 2.14 to 2.76, '=0%,
P>0.05) only slightly increased Hct levels. Details are
presented in Figure 2.

The Hect level increased slightly more in high-dose
patients compared to low-dose patients. Compared
with placebo, dapagliflozin at 2.5, 5, and 10 mg led to a
significant increase in Het levels (WMD 1.96%, 2.27%,
and 2.47%, respectively; P<0.001; Figure 3). Treatment
with canagliflozin 100 and 300 mg also resulted in a
notable increase in Hcet levels (WMD 2.91% and 2.94%,
respectively; P<0.001; Figure 4). Patients treated with
empagliflozin at 10 and 25 mg also demonstrated an
apparent increase in Hcet levels (WMD 3.39% and 3.44%,
respectively; P<0.001; Figure 5). However, treatment
with ipragliflozin at 12.5 and 50 mg (WMD 1.26% and
1.98%, respectively; P>0.05; Figure 6) and treatment with
ertugliflozin at 5 and 15 mg (WMD 2.24% and 2.64%,
respectively; P>0.05; Figure 7) only resulted in a slight
increase in Het levels.

Sensitivity analysis and meta-regressions

The sensitivity analysis demonstrated that all included trials
showed a similar consistent trend with the pooled analysis,
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and none of the studies were omitted. Several meta-
regression analyses were performed to evaluate whether the
pre-specified covariates of dosage, duration of therapy, add-
on therapy, baseline HbAlc, baseline age, and baseline BMI
were associated with Hct changes from baseline, corrected
for placebo, for each SGLT2 inhibitor. In patients who
received canagliflozin treatment, the increase in Het levels
was associated with the duration of therapy. In patients
who received empagliflozin treatment, elevated Het levels
were associated with add-on therapy. No other associations
were detected between each SGLT2 inhibitor and the
aforementioned factors. B coefficients and P values are
shown in Table 3.

Discussion

The present meta-analysis of 40 RCTs quantified the ability
of SGLI2 inhibitors to increase Hct levels in patients with
type 2 diabetes mellitus. Dapagliflozin, canagliflozin, and
empagliflozin significantly increased the levels of Hct,
while ipragliflozin and ertugliflozin led to a slight increase,
suggesting that SGLT2 inhibitors displayed a class effect.
The increase in Hct levels was slightly more pronounced at
high doses compared to low doses.

Previous studies have shown the ability of SGLT2
inhibitors to increase Hct levels from baseline (16). This
meta-analysis demonstrated that SGLT2 inhibitors may
have a class effect on Hct levels, with empagliflozin exerting
the largest increase in Hect levels, followed by canagliflozin,
ertugliflozin, dapagliflozin, and ipragliflozin.

There are several possible mechanisms by which SGLT2
inhibitors increase Hct levels. Sano er al. attributed the
Hect increase to diuretic effects (17). This latter study
demonstrated that SGLT?2 inhibitors increased urine
volume, reaching a peak at 24 hours and recovering to
baseline about 1 week later, while the Hct continued
to increase beyond 2 months (17). Lambers Heerspink
et al. (18) suggested that the increase in Hct was related
to erythropoiesis. Treatment with dapagliflozin increased
erythropoietin levels, reaching a peak range at 2 to 4 weeks
after treatment. Meanwhile, the number of reticulocytes
was elevated, followed by an increase in hemoglobin and
Hect levels. Under normal conditions, fibroblasts near the
proximal tubule in the kidneys produce erythropoietin.
When proximal tubular epithelial cells are selectively
injured, this induces the transdifferentiation of fibroblasts
into myofibroblasts, thereby reducing the production of
erythropoietin (13,17). SGLT?2 inhibitors improve ATP
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Study %
SGLT2 inhibitors WMD (95% Cl) Weight
Dapagliflozin !

List JF (2009) ——! 1.59 (0.80, 2.38) 1.23
Strojek K (2010) ¢ 2.54 (249, 2.59) 1.91
Bailey CJ (2010) ¢! 2.10(2.05,2.15) 1.91
Bailey CJ (2012) ® ! 2.05(1.95,2.15) 1.89
Wilding JPH (2012) el 1.80(1.29, 2.31) 1.55
Schumm-Draeger PM (2015) L 1.49 (1.42,1.56) 1.90
List JF (2009) —— 2.11(1.27,2.95) 1.18
Araki E (2016) » 2.82(2.76,2.88) 1.90
Strojek K (2010) ¢ 252 (2.46,2.58) 1.91
Bailey CJ (2010) L d 240 (2.35,2.45) 1.91
Bailey CJ (2012) hd 249 (2.39,2.59) 1.89
Wilding JPH (2012) - 227 (1.79,2.75) 1.59
Linong Ji (2013) L | 1.29 (1.24,1.34) 1.91
Schumm-Draeger PM (2015) L4l 2.22(2.15,2.29) 1.90
List JF (2009) —r 2.03(1.18,2.88) 1.16
Singh JSS (2020) - 4.00(2.15,5.85) 047
Strojek K (2010) » 279 (2.74,2.84) 1.91
Bailey CJ (2010) L4 2.80(2.75,2.85) 1.91
Bolinder J (2012) 1 2.98(2.90,3.06) 1.90
Wilding JPH (2012) - 2.51(1.98,3.04) 1.53
Linong Ji (2013) * 1.55(1.50, 1.60) 1.91
Schumm-Draeger PM (2015) ® 2.06(1.99,2.13) 1.90
Subtotal (I-squared = 99.5%, p = 0.000) O 2.25(2.02,2.48) 37.28
Canagliflozin :

Inagaki N (2014) - 2.31(1.68,2.94) 142
Rosenstock J (2012) * 2.37 (2.25,2.49) 1.89
Yale JF (2013) | —— 6.10 (3.21, 8.99) 0.23
Forst T (2014) | —_—— 6.90(4.62,9.18) 0.34
Inagaki N (2016) - 2.29(1.66,2.92) 1.41
Sha S (2014) * 2.30(2.03,2.57) 1.80
Rosenstock J (2012) . 241(2.28,2.54) 1.88
Yale JF (2013) -_—— 4.90 (2.15, 7.65) 0.25
Forst T (2014) —— 7.60(5.50,9.70) 0.39
Subtotal (I-squared = 83.7%, p = 0.000) 2.63(2.30,2.96) 9.61

Empagliflozin
Hafring HU (2015)
Kovacs CS (2015)
Merker L (2015)
Rosenstock J (2015)
S?fteland E (2017)
Roden M (2015)
Zinman B (2015)
Kadowaki T (2014)
Barnett AH (2014)
Araki E (2015)
DeFronzo RA (2015)
Nishimura R (2015)
Tikkanen 1 (2015)
Hafring HU (2015)
Kovacs CS (2015)
Merker L (2015)
Rosenstock J (2015)
S?fteland E (2017)
Roden M (2015)
Zinman B (2015)
Kadowaki T (2014)
Ridderstrale M (2014)
Barnett AH (2014)
Barnett AH (2014)
Araki E (2015)
DeFronzo RA (2015)
Nishimura R (2015)
Tikkanen 1 (2015)
Subtotal (I-squared = 86.8%, p = 0.000)

Ipragliflozin
Kashiwagi A (2014)
Wilding JPH (2012)
Kashiwagi A (2014)
LuCH (2016)
Kashiwagi A (2014)
Kashiwagi A (2015)
Kashiwagi A (2015)
Wilding JPH (2012)
Han KH (2018)
Kashiwagi A (2014)
Subtotal (I-squared =0.0%, p =0.451)

Ertugliflozin

Aronson R (2018)

Gallo S (2019)

Aronson R (2018)

Gallo S (2019)

Subtotal (I-squared =0.0%, p = 0.534)

Overall (I-squared = 98.5%, p = 0.000)
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Figure 2 The weighted mean difference (WMD) and 95% confidence intervals (CI) for the effects of SGLT2 inhibitors on hematocrit
levels, stratified by dosage. SGLT2, sodium glucose co-transporter 2.
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Study %
Dapagliflozin WMD (95% Cl)  Weight
2.5mg :
List JF (2009) — 1.59(0.80,2.38) 3.23
Strojek K (2010) 3 254 (2.49,2.59) 5.14
Bailey CJ (2010) 0: 2.10(2.05,2.15) 5.14
Bailey CJ (2012) . 2.05(1.95,2.15) 5.10
Wilding JPH (2012) - 1.80(1.29,2.31) 4.12
Schumm-Draeger PM (2015) L 2 1.49 (1.42,1.56) 5.13
Subtotal (I-squared = 99.2%, p = 0.000) d 1.96 (1.58, 2.34) 27.87
1
5mg :
List JF (2009) —— 2.11(1.27,2.95) 3.09
Araki E (2016) e 2.82(2.76,2.88) 5.13
Strojek K (2010) :0 2.52(2.46,2.58) 5.14
Bailey CJ (2010) » 240 (2.35,2.45) 514
Bailey CJ (2012) . 2.49(2.39,259) 511
Wilding JPH (2012) —IO— 2.27 (1.79,2.75) 4.24
Linong Ji (2013) . 129 (1.24,1.34) 514
Schumm-Draeger PM (2015) ¢ 2.22(2.15,2.29) 5.13
Subtotal (I-squared = 99.6%, p = 0.000) <> 2.27(1.87,2.68) 38.12
I
10mg :
List JF (2009) — 2.03(1.18,2.88) 3.05
Singh JSS (2020) 4.00(2.15,5.85) 1.21
Strojek K (2010) L. 279 (2.74,2.84) 514
Bailey CJ (2010) e 2.80 (2.75,2.85) 5.14
Bolinder J (2012) . 2.98(2.90,3.06) 5.12
Wilding JPH (2012) —f—o— 2.51(1.98,3.04) 4.07
Linong Ji (2013) * 1.55(1.50, 1.60) 5.14
Schumm-Draeger PM (2015) 0: 2.06 (1.99,2.13) 5.13
Subtotal (I-squared = 99.6%, p = 0.000) <.O 247 (2.01,2.93) 34.01
|
Overall (I-squared = 99.5%, p = 0.000) Q 2.25(2.02,2.48) 100.00
;
T T
-5.85 0 5.85

Figure 3 The weighted mean difference (WMD) and 95% confidence intervals (CI) for the effects of dapagliflozin treatment on Het levels,

stratified by dosage.

Study

Canagliflozin

100mg

Inagaki N (2014)

Rosenstock J (2012)

Yale JF (2013)

Forst T (2014)

Inagaki N (2016)

Subtotal (l-squared = 81.5%, p = 0.000)

300mg

Sha S (2014)

Rosenstock J (2012)

Yale JF (2013)

Forst T (2014)

Subtotal (l-squared = 89.0%, p = 0.000)

Overall (I-squared = 83.7%, p = 0.000)

WMD (95% Cl)

—r 2.31(1.68, 2.94)
2.37 (2.25, 2.49)
6.10 (3.21, 8.99)
6.90 (4.62, 9.18)

2.29 (1.66, 2.92)
2.91(2.16, 3.67)

2.30 (2.03, 2.57)
2.41(2.28, 2.54)
4.90 (2.15, 7.65)

‘tfo

————— 7.60(5.50, 9.70)

2.94 (2.26, 3.62)

2.63 (2.30, 2.96)

oy

%
Weight

12.85
23.51
1.22
1.90
12.74
52.22

20.90
23.32
1.34
2.21
47.78

100.00

T
9.7

0 9.7

Figure 4 The weighted mean difference (WMD) and 95% confidence intervals (CI) for the effects of canagliflozin treatment on Hct levels,

stratified by dosage.
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Study
Empagliflozin

10mg

Hafring HU (2015)
Kovacs CS (2015)
Merker L (2015)
Rosenstock J (2015)
S?fteland E (2017)
Roden M (2015)
Zinman B (2015)
Kadowaki T (2014)
Barnett AH (2014)
Araki E (2015)
DeFronzo RA (2015)

Nishimura R (2015) -

Tikkanen | (2015)
Subtotal (I-squared = 79.2%, p = 0.000)

25mg

Hafring HU (2015)
Kovacs CS (2015)
Merker L (2015)
Rosenstock J (2015)
S?fteland E (2017)
Roden M (2015)
Zinman B (2015)
Kadowaki T (2014)
Ridderstrale M (2014)
Barnett AH (2014)

—— 1.30

Wang et al. Effects of SGLT2 inhibitors on Hct

%

, —— 5.20(4.23,6.17) 3.32
2.90 (1.89, 3.91) 3.23
-0.29,2.89) 224
- 3.00 (2.66, 3.34) 4.43

WMD (95% Cl) Weight
|
Lo 3.90(3.25,455) 3.94
—— 3.70 (2.84,4.56)  3.54
— 4.00(3.30,4.70)  3.85
—— 240 (1.73,3.07)  3.89
—— 3.10(2.11,4.09)  3.28
—— 3.40(2.73,4.07)  3.90
L. 390 (361,4.19) 447
— 250 (1.73,3.27)  3.70
—_— 3.90 (2.91,4.89)  3.27
(
(
(
(
<> 3.39(2.98,3.79)  47.06
|
1
—— 4.10(3.40,4.80)  3.85
—— 400(3.17,4.83) 359
—— 410(3.43,477)  3.90
— 3.10(2.44,376)  3.91
—_— 4.00(3.01,4.99) 3.28
—— 340 (2.74,4.06)  3.92

|- 4.10(3.81,4.39)  4.48
—_— 2.30

162,298) 3.88
|—— 4.30(3.55,5.05) 3.74

Barnett AH (2014)

Araki E (2015)

DeFronzo RA (2015)

Nishimura R (2015)

Tikkanen |(2015)

Subtotal (I-squared = 90.4%, p = 0.000)

Overall (I-squared = 86.8%, p = 0.000)

+ + 140 (-1.77,4.57) 0.88
——— 540 (4.39,6.41) 3.23

—_— 2.30(1.37,323)  3.39
! 1.60(-0.05,3.25) 2.16
- 200 (1.66,2.34)  4.43

(
(
(
(
(
(
(
(
—— 3.70(3.28,4.12)  4.31
(
(-
(
(
(-
(
(

3.42(3.09, 3.75) 100.00

1
Q 3.44 (2.91,3.97) 52.94
1
1
1

-6.41 0

6.41

Figure 5 The weighted mean difference (WMD) and 95% confidence intervals (CI) for the effects of empagliflozin treatment on Het levels,

stratified by dosage.

consumption via the sodium/potassium (Na'/K") pump and
mitigate metabolic stress to the proximal tubular epithelial
cells, which may reverse the transdifferentiating fibroblasts
into erythropoietin-producing fibroblasts, thereby
increasing Het levels (19-21).

Several limitations of this meta-analysis should be
considered. First, the inclusion criteria and the baseline
characteristics, such as ethnicity, age, BMI, HbAlc, baseline
Hct, duration of therapy, and add-on therapy, may vary
across studies resulting in a high level of heterogeneity.
While the random-effects model, sensitivity analyses, and
several meta-regression analyses were performed, these
results should be interpreted with caution. The inter-
study heterogeneity of ipragliflozin and ertugliflozin were
low , and thus the related meta-regressions could not be

© Annals of Palliative Medicine. All rights reserved.

conducted. Second, the complete data set was not available
for all studies. For example, in the study by Yale and
colleagues (5), 100 and 300 mg canagliflozin were compared
with the same placebo group. Finally, ertugliflozin was only
included in two studies. Therefore, future clinical trials
are warranted to comprehensively determine the effects of
ertugliflozin treatment on Het levels.

In conclusion, SGLT?2 inhibitors demonstrated a class
effect by increasing Hect levels. Empagliflozin had the most
significantly effect on Hct levels, followed by canagliflozin,
ertugliflozin, dapagliflozin, and ipragliflozin. Hence, it
can be suggested that patients with high baseline Het or
excessive Hct elevation should be carefully treated with
SGLT?2 inhibitors. However, further clinical trials are
necessary to clarify these results.
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Study %
Ipragliflozin WMD (95% Cl) Weight
1
12.5mg '
|
Kashiwagi A (2014) —_— 1.55 (0.79, 2.31) 8.73
Wilding JPH (2012) —_— 1.00 (0.27, 1.73) 9.45
|
Subtotal (I-squared = 4.1%, p = 0.307) O; 1.26 (0.73, 1.80) 18.18
|
'
50mg i
1

Kashiwagi A (2014)
LuCH (2016)
Kashiwagi A (2014)

2.06 (1.28, 2.84)
2.05 (1.47, 2.63)
1.91(1.32,2.50)  14.75

Kashiwagi A (2015) 1.83(1.14,252)  10.71

Kashiwagi A (2015) 167(0.92,242) 889

)
)
)
)

—_— 8.26
—_—
_—
1
_.:_
Wilding JPH (2012) —E—o— 2.00 (1.27,2.73
'
—_—
'
—:—OH
&
1
1
<&
1
1
1
L

15.03

9.59
Han KH (2018) 1.99 (1.18, 2.80
Kashiwagi A (2014) 2.44 (1.58, 3.30
Subtotal (I-squared = 0.0%, p = 0.955) 1.98 (1.73,2.23

7.75
6.82
81.82

Overall (I-squared = 0.0%, p = 0.451) 1.85(1.62,2.07)  100.00

T T
-3.3 0 3.3

Figure 6 The weighted mean difference (WMD) and 95% confidence intervals (CI) for the effects of ipragliflozin treatment on Hct levels,
stratified by dosage.

Study %
Ertugliflozin WMD (95% Cl) Weight
!
5mg E
Aronson R (2018) —d:— 2.41(1.80, 3.02) 25.22
i
Gallo S (2019) —0—:— 2.06 (1.42, 2.70) 23.05
Subtotal (I-squared = 0.0%, p = 0.440) <> 2.24 (1.80, 2.69) 48.27
i
i
|
15mg i
!
Aronson R (2018) —E—o— 2.64 (2.05, 3.23) 27.73
Gallo S (2019) —Eo— 2.64 (2.01, 3.27) 24.00
1
Subtotal (I-squared = 0.0%, p = 1.000) <> 2.64 (2.21, 3.07) 51.73
i
1
|
Overall (I-squared = 0.0%, p = 0.534) <> 2.45(2.14, 2.76) 100.00
Y
1
i
1
1
! T

T
-3.27 0 3.27

Figure 7 The weighted mean difference (WMD) and 95% confidence intervals (CI) for the effects of ertugliflozin treatment on Hect levels,
stratified by dosage.
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Table 3 Meta-regression analysis of the association between changes in hematocrit (Hcet), corrected for placebo, and dosage, duration of therapy,

add-on therapy, baseline HbAlc, baseline age, and baseline body mass index (BMI) for a specific sodium glucose co-transporter (SGLT) 2

inhibitor (B coefficient values and P values are displayed)

Variables Dapagliflozin Canagliflozin Empagliflozin
Dosage 0.07 (0.068) 0.002 (0.827) 0.005 (0.839)
Duration of therapy 0.88 (0.116) 2.53 (0.001) 0.28 (0.053)
Add-on therapy -0.15 (0.57) 1.14 (0.476) 0.89 (0.009)
Baseline HbA1c ~0.12 (0.642) 0.90 (0.603) 0.34 (0.359)
Baseline age 0.69 (0.057) 0.41 (0.817) 0.47 (0.229)
Baseline BMI 0.09 (0.738) 2.4 (0.113) ~0.38 (0.294)
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