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Aims: To study the dose effect relationship of sodium-glucose cotransporter-2 inhibitor (SGLT-2i) in reducing
blood glucose and blood pressure in type 2 diabetes mellitus (T2DM).

Materials and methods: We searched PubMed, Embase, Web of Science, Cochrane Library, and clinicaltrials.gov for
related literature, with the search period spanning from the establishment of each platform to May 1, 2024. The
main analysis method used is model-based network meta-analysis.

Results: A total of 192 RCTs involving 67,677 patients with T2DM were included in this study. The results showed
that SGLT-2i reduced glycated hemoglobin Alc (HbAlc) in T2DM by 0.50 % (95 % CI: 0.49 % ~ 0.50 %)
compared with placebo. The hypoglycemic effects of Luseogliflozin and Henagliflozin on HbAlc ranked first and
second, with values of 0.92 % (95 % CI: 0.61 % ~ 1.28 %) and 0.91 % (95 % CI: 0.61 % ~ 1.36 %), respectively.
Compared with placebo, the results showed that SGLT-2i lowered systolic blood pressure (SBP) by 3.23 mmHg
(95 % CI: 3.19 mmHg ~ 3.26 mmHg) and diastolic blood pressure (DBP) by 4.16 mmHg (95 % CI: 4.13 mmHg ~
4.18 mmHg) in patients with T2DM, respectively. Canagliflozin showed the greatest reduction in SBP and
Luseogliflozin showed the greatest reduction in DBP, respectively.

Conclusions: The effect of SGLT-2i in reducing HbAlc in patients with T2DM increased with increasing daily dose,
with Luseogliflozin and Henagliflozin being the most effective. SGLT-2i significantly reduced both SBP and DBP in
T2DM, but there was no significant dose-response relationship. Among the SGLT-2i, Canagliflozin and Luseo-
gliflozin exhibited better antihypertensive effects.

1. Introduction important role in lowering blood glucose, lowering blood pressure,

improving endothelial function, and reducing systemic inflammation.®

Sodium-glucose cotransporter-2 inhibitor (SGLT-2i) is a novel type of
glucose-lowering drugs for type 2 diabetes mellitus (T2DM) which have
been approved and marketed in various countries in recent years.!
SGLT-2i inhibit the reabsorption of glucose in the kidneys, causing excess
glucose to be excreted from the urine, thereby lowering blood glucose.?
Previously published randomized controlled trials (RCTs) and
meta-analysis showed that SGLT2i reduced cardiovascular and renal
outcomes.>” The exact mechanism by which SGLT2i improves cardio-
vascular and renal outcomes is still unclear, and SGLT-2i plays an

Systematic reviews and network meta-analyses (NMA) have shown that
SGLT2i has obvious antihypertensive effect on patients with T2DM in
addition to lowering blood glucose.”!? However, there is still a lack of
comprehensive evaluation on the effectiveness of all SGLT2i in reducing
glycated hemoglobin Alc (HbAlc) and lowering blood pressure.

NMA enables comparison of multiple interventions, but different
dosing regimens and different dose groups of one drug are often com-
bined into a single group. This not only may obscure the true dos-
e-response effects because the method treats all interventions within a
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category as equivalent, but may also reduces the accuracy and precision
of efficacy comparisons between drugs by not taking dose effects into
account. In order to objectively evaluate the hypoglycemic and hypo-
tensive efficacy of SGLT-2i, we adopted a new method based on NMA,
which was model-based network meta-analysis (MBNMA).!! This
method can group all different doses of SGLT-2i and construct dos-
e-response curves for these drugs through fitting models. Therefore, we
can objectively compare the hypoglycemic and hypotensive effects of
SGLT-2i with other hypoglycemic drugs.

2. Materials and Methods

The study was conducted according to the Preferred Reporting Items
for Systematic Reviews and Network Meta-Analyses (PRISMA-
NMA),lz’13 and has been registered with PROSPERO (Registration ID:
CRD42024566834).

2.1. Data sources and search strategies

The literature repositories and websites searched for this study
included PubMed, Embase, Web of Science, Cochrane Library, and clin-
icaltrials.gov, and Chinese literature libraries including CNKI, WanFang,
VIP and China Biology Medicine disc(CMB) were also comprehensively
searched. The search covered the period from the establishment of each
platform to May 01, 2024. The search was conducted using “SGLT-2 in-
hibitors”, other common names of this new drug, all names of marketed
drugs (Dapagliflozin, Canagliflozin, Empagliflozin, Ertugliflozin, Hena-
gliflozin, Tofogliflozin, Luseogliflozin, Ipragliflozin, Rongliflozin, Sota-
gliflozin, Janagliflozin, Bexagliflozin, Remogliflozin, Tianagliflozin, etc.)
and their trade names as keywords, Mesh terms, EMTREE terms, or free
words, respectively. Studies were limited to those RCTs that had been
registered in clinical trial public registration platforms with unique
identification registration code. The detailed search strategy is showed in
Supplementary Appendix 1.

2.2. Study outcomes

The outcome of the hypoglycemic efficacy of SGLT-2i selected in this
study were: the change in HbAlc before and after drug administration,
expressed as a percentage. The outcomes of the hypotensive efficacy of
SGLT-2i were: the change in systolic blood pressure (SBP) and diastolic
blood pressure (DBP) levels before and after drug administration,
measured in mmHg. The above three outcomes were all continuous
outcome indexes, recorded as mean = SD of the difference between the
endpoint value and the baseline value.

2.3. Selection criteria

The retrieved literature from each library was imported into Endnote
(version 20) for unified management. After the software automatically
removed duplicates, 2 researchers (FQL and SBC), both with a certain
level of evidence-based medical knowledge and training, independently
screened the literature by reviewing the titles, abstracts, and keywords
based on the pre-defined inclusion and exclusion criteria. The screening
process was performed independently by both researchers, and the re-
sults were compared and verified upon completion. When there was a
discrepancy between their conclusions, the decision was made by dis-
cussion or by consulting a third experienced expert. After determining
the literature to be included in the initial screening, the full text of all
included literature was downloaded and re-screened, which was still
performed independently by 2 researchers, and the verification and
dispute resolution after completion was the same as the initial screening.
The inclusion and exclusion criteria were as follows.

Inclusion criteria: (1) The language of the literature was limited to
English; (2) The study was limited to RCTs registered in a clinical trial
public registry platform; (3) The study subjects were T2DM patients aged
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18 years or older; (4) The study intervention included at least 1 SGLT-2i
drug; (5) The control group was placebo or other SGLT-2i; (6) At least 1
outcomes of interest in this study (HbAlc, SBP or DBP) was reported in
the literature. Studies that were repeatedly published, irrelevant, or for
which full text was not available were excluded, as well as RCTs that
were ongoing, not yet completed, terminated, not publicly registered,
completed but not reporting results, lacking relevant information, or of
poor quality.

2.4. Data extraction

After the literature screening, the following basic information was
first extracted from the final included literature by Excel (Microsoft Of-
fice 2016): (1) Basic information of the literature: first author, title,
publication date, etc.; (2) Study characteristics: dose and frequency of
intervention, dose and frequency of control, sample size of each group,
background medication use, and trial period, etc.; (3) Outcome data:
changes in HbAlc, SBP or DBP in each group of each RCTs; (4) Quality
assessment information: whether blinding was performed, randomiza-
tion, and conflict of interest, etc. The data extraction process was per-
formed and cross-checked by 2 researchers (FQL and SBC) with
experience in evidence-based medicine and in software operation.

2.5. Statistical analysis

2.5.1. Meta-analysis

First, we conducted Meta-analysis to compared the hypoglycemic and
hypotensive efficacy of all SGLT-2i with placebo. A standard pairwise
meta-analysis was performed using the DerSimonian-Laird random-ef-
fects model. The mean difference (MD) with 95 % confidence interval
(CD for the three continuous outcomes of interest in this study was
calculated as the effect measure. Meta-analysis and graphing of the re-
sults were performed using Stata (version 17).14

2.5.2. MBNMA

Comparisons of efficacy were more detailed and included the infor-
mation on dose by conducting MBNMA. The interventions in the RCTs
were extracted as the name and total daily dose of each SGLT-2i, while
the dose of control groups was set to a certain value. First, we initially
drew rough dose-effect curves for each outcome according to the
observed data in the included study, and determined the model to be
fitted according to the trend of the curves. Models that can be fitted
include Emax model, which is most commonly used in the field of drug
efficacy evaluation,'® as well as linear model, log-linear model, Expo-
nential model, non-parametric model, etc. The model fitting parameters
was calculated for every selected model. The optimal model was selected
according to the goodness of model fitting and the complexity of the
model. In the final selected model, we plotted the dose-effect curve of
each SGLT-2i, conducted pairwise comparison and efficacy ranking. The
mean ranks of treatments were calculated by surface under the cumula-
tive ranking curve (SUCRA). Those analyses were performed with R 4.2.3
(R Core Team). We used the ‘MBNMAdose’ package for MBNMA, and the
‘ggplot2’ package for dose-response curves plotting and visualization.'®

2.5.3. Publication bias and key assumptions of NMA

This study assessed the presence of publication bias by plotting funnel
plots. The inconsistency of the NMA was tested by the P-value when
fitting the inconsistency model, when P-value>0.05, it is considered that
the inconsistency is not significant, and then the consistency model is
fitted.'® Prediction intervals were also plotted separately for each
outcome, If the prediction interval crossed the null line, heterogeneity
between studies was considered, and a random-effects model was
selected for the NMA. If there was no significant heterogeneity, a
fixed-effects model was chosen for the analysis.'* The baseline age,
HbAlc, duration of T2DM, RCT sample size and trial duration of the
studies in each comparison pair were drawn into box plots to detect the
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transitivity of NMA. P<0.05 was considered a statistically significant
difference.

2.6. Quality evaluation of evidence

Each included literature was evaluated for risk of bias according to
the Cochrane Risk of Bias Assessment Tool 1.0, which included: random
sequence generation, allocation concealment, blinding of study subjects,
blinding of outcome assessment, follow-up bias, completeness of
outcome data and whether there was corporate sponsorship. Each
domain was judged as low, unclear, or high according to the risk from
low to high.!” Finally, the risk level for each domain was statistically
summarized and visualized in a plot.

The GRADE (Grading of Recommendations Assessment, Development
and Evalution) of the network body of evidence in each outcome was
performed by CINeMA (confidence in NMA, cinema.ispm.unibe.ch). A
comprehensive evaluation of the network body of evidence was made by
considering the risk of bias, inconsistency, indirectness, imprecision, and
publication bias,'® which was classified as very low, low, moderate, or
high according to the quality of evidence from low to high.

Intelligent Pharmacy 3 (2025) 150-158
3. Results
3.1. Search results and study characteristics

The PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-analyses) flow chart for the literature selection is shown in Fig. 1.
When searching Chinese literature databases, we found that the quality
of studies meeting the inclusion criteria for this study was very low. All of
these studies had issues such as unknown random allocation methods,
lack of registration on open platforms, and unreasonable intervention
allocation. Therefore, Chinese literature was excluded from this study,
and all subsequent analyses were conducted using English-language
literature. Of the 10554 studies screened after searching and de-
duplicating, a total of 192 RCTs were finally included in this study
with the median trial duration of 24 weeks. A total of 67,677 patients
with T2DM were included in the 193 studies with a mean age of 57.62 +
5.54years, a mean baseline HbAlc of 8.23 + 0.76 %, and a mean duration
of T2DM of 8.55 + 5.12 years. The basic characteristics of the included
studies is shown in Supplementary Appendix 2.

Records excluded: n= 9585
(Observational studies: 1645;
Descriptive researches: 96;

Casereportsor case series studies: 197;
Animal, cell ormolecular level research: 754;
Conference abstracts: 785;

Full-text articles excluded:n= 519
(Researches with unpublished results: 29;
Research protocols: 162;
Pharmacokinetic studies: 107;
Irrelevant research or other non-eligible studies: 221)

Studies without related outcome
n= 258

—
Records identified through
c database searching Additional records identified
=° n = 16067 through other sources
3 (PubMed: 5980; Embase: 6838; n=284
= Web of Science: 2863; (clinicaltrial.gov: 284)
_§ Cochrane Library: 386)
S
) :
Records after duplicates removed
n= 10554
w
=
=
[
g
A -
[ Reviews: 5146;
Records screened
n= 10554 »
—/
others: 962)
)
A
£
= Full-textarticles assessed
=) for eligibility >
= n= 969
—
A
) Studiesincludedin
database >
n= 450
o
]
o
3
© Y
£
Studiesincludedin
meta-analysis
— n= 192

Fig. 1. PRISMA flow chart illustrating study selection process.
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3.2. Meta-analysis

First, we conducted Meta-analysis of three hypoglycemic and hypo-
tensive outcomes. In hypoglycemic efficacy, Meta-analysis results
showed that SGLT-2i reduced HbA1lc in T2DM patients by 0.50 % (95 %
CIL: 0.49 % ~ 0.50 %)compared with placebo. In terms of blood pressure
lowering efficacy, NMA results showed that SGLT-2i lowered SBP by
3.23 mmHg (95 % CI: 3.19 mmHg to 3.26 mmHg) and DBP by 4.16
mmHg (95 % CI: 4.13 mmHg to 4.18 mmHg) in patients with T2DM
compared with placebo. As the number of studies included in the three
outcomes of the above results was close to or more than 100, the forest
map of the meta-analysis was too long to display. All the included studies
and the pooled effect size tables of the above results were shown in
Supplementary Appendix 3.

3.3. Model-based network meta-analysis

3.3.1. MBNMA for HbAlc

A total of 160 RCTs reported the SGLT-2i drug-specific doses and
HbA1c changes in the included studies, comprising 61 dose groups across
13 SGLT-2i drugs. The network body of evidence was shown in Fig. 2.
The relationship between 13 SGLT-2i drugs and the control groups is
shown in Fig. 2A. All dose groups for all SGLT-2i drugs are shown in
Fig. 2B. Each color represents one drug, and each dot was labeled as
“drug number - total daily dose”. The thickness of the black line segment
in Fig. 2 indicates the number of studies directly compared between this
comparison group, the larger the number of studies, the thicker the line
segment.

First, we draw a rough plot of the dose-effect curve for each SGLT-2i
drug based on the observations in these included studies (Fig. S1). To
ensure the selection of the model with the best fit, linear, log-linear,
Emax, exponential, and non-parametric models were also fitted in this
study. The results showed that the Emax model was considered the
optimal choice after comparing the model DIC, residual deviance, and
model simplicity (Table S5).

The predicted effects for each drug were plotted based on the fitted
Emax model. As shown in Fig. 3, the solid line represents the expected
mean decrease in HbAlc levels at each dose for SGLT-2i drugs, and the
dashed line represents the upper and lower 95 % CI limits for that mean
value.For almost all SGLT-2i drugs, the extent to which they caused a
decrease in HbAlc levels compared to placebo in patients with T2DM
increased slightly with increasing daily doses of the drugs. The dots in the
figure represent actual observations included in this study, and the vast

A Empagliflozin Dapagliflozin B
Ertugliflozin ¥
2_300
2_600
i 31
Henagliflogin Bexagliflozin _
s
s
310
Tpragliflo .

Janagliflozin

}
Sotagliflozin
Licogliflozin

Luseogliflozin Remogliflozin
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majority of which were close to the predicted curves, demonstrating a
good model fit.

Based on the fitted Emax model, the effect compared to placebo for 13
SGLT-2i drugs and rank were seen in Table 1 and Fig. 4. Among the 13
SGLT-2i drugs, Luseogliflozin and Henagliflozin were the most effective
in reducing HbAlc, ranking 1st and 2nd with HbA1c reduction of 0.92 %
(95 % CIL: 0.61 % to 1.28 %) and 0.91 % (95 % CI: 0.61 % to 1.36 %),
respectively. The mean ranks calculated by SUCRA were shown in
Table S8, and the probability ranking curve plot and cumulative proba-
bility ranking plot of the above results are shown in Figs. S4 and S5.

3.3.2. MBNMA for SBP and DBP

Specific doses of SGLT-2i drugs and change in SBP or DBP values were
reported in 125 and 100 studies, respectively. The networks of dose
groups of SGLT-2i are shown in Figs. 5 and 6, and the meaning of the
graphics and text in A and B was the same as in Fig. 2.

Same as HbAlc, we also drew rough plots of the dose-effect curve for
each SGLT-2i drug based on actual observations (Figs. S2 and S3). Linear,
log-linear, Emax, exponential, and non-parametric models were also
fitted. After comparing DIC, residual deviance, and model simplicity
(Tables S6 and S7), we also chose Emax model for SBP and DBP.

The predicted efficacy curves for SGLT-2i drugs in reducing SBP and
DBP were plotted according to the fitted Emax model, as shown in Figs. 7
and 8. The meaning of the dots and lines in these figures is the same as in
Fig. 3. In both Figures, the dose-dependent trends in the efficacy of SGLT-
2i to reduce SBP and DBP were less pronounced.

The maximum effect of blood pressure reduction were also calculated
for each SGLT-2i. Results showed that in terms of SBP reduction, Cana-
gliflozin caused the largest reduction compared to placebo, ranking 1st
with a reduction in SBP of —4.53 mmHg (95% CL: —5.42 mmHg to —3.67
mmHg), followed by Luseogliflozin (—4.69 mmHg, 95% CI: —7.27
mmHg to —3.69 mmHg), Enavogliflozin (—4.47 mmHg, 95% CI: —9.35
mmHg to —1.99 mmHg), and Henagliflozin (—4.64 mmHg, 95% CL:
—7.99 mmHg to —1.43 mmHg). In terms of DBP reduction, Luseogliflozin
caused the largest value of reduction compared to placebo, ranking 1st
with a reduction in DBP of —2.93 mmHg (95% CI: —5.53 mmHg to
—1.23 mmHg), followed by Enavogliflozin and Bexagliflozin with rela-
tive effect of —2.97 mmHg (95% CI: —6.39 mmHg to —0.11 mmHg) and
—2.76 mmHg (95% CI: —5.20 mmHg to —0.49 mmHg), respectively. The
effects of SBP and DBP reduction for all SGLT-2i drugs and their 95% CIs
are shown in Table 1 and Fig. 4. The mean ranks calculated by SUCRA
were shown inTable S9 and Table S10, and the probability ranking plot
and cumulative probability ranking plot of SBP and DBP are shown in
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Fig. 2. Network plot for HbAlc in model-based network meta-analysis.
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Fig. 3. Predictive effects in HbAlc reduction.
Table 1
The maximum effect compared to placebo.
Treatment HbAlc SBP DBP
Rank SUCRA Effect Rank SUCRA Effect Rank SUCRA Effect
Luseogliflozin 1 10.7 —0.92(-1.28, —0.61) 2 9.53 ~4.69(-7.27, 3.69) 1 9.85 ~2.93(-5.53, —1.23)
Henagliflozin 2 10.7 —0.91(-1.36, —0.61) 4 9.09 —4.64(-7.99, —1.43) 6 6.72 -1.97(-4.71, 1.16)
Tofogliflozin 3 9.58 ~0.81(-1.13, —0.53) 10 4.9 ~2.77(-5.85, 6.27) 8 6.47 ~1.88(-4.16, 0.51)
Ipragliflozin 4 9.14 ~0.77(-0.97, —0.59) 11 4.63 —2.86(-4.51, —1.11) 5 7.27 ~2.07(-3.36, —0.83)
Canagliflozin 5 7.2 —0.67(-0.81, —0.55) 1 10.1 —4.53(-5.42, —3.67) 7 6.61 ~1.87(-2.69, —1.12)
Remogliflozin 6 6.38 —0.66(-0.95, —0.38) - - - - - -
Ertugliflozin 7 6.32 ~0.64(-0.87, —0.43) 6 7.21 ~3.67(-5.14, —2.24) 9 6.18 ~1.79(-2.97, —0.67)
Empagliflozin 8 5.51 —0.62(-0.72, —0.53) 8 5.88 —3.29(-4.59, —2.51) 10 5.8 ~1.68(-2.86, —0.99)
Janagliflozin 9 4.49 —0.53(-1.05, —0.08) 9 4.91 ~2.93(-4.72, —1.10) 12 2.75 —0.75(-2.29, 1.11)
Dapagliflozin 10 4.27 ~0.57(-0.70, —0.47) 7 6.64 ~3.51(-4.32, —2.76) 13 1.9 ~0.51(-1.49, 1.30)
Bexagliflozin 11 3.75 —0.53(-0.85, —0.28) 5 8 —3.93(-5.65, —2.31) 3 8.99 ~2.76(-5.2, —0.49)
Licogliflozin 12 3.2 —0.43(-0.96, —0.05) 13 1.44 —0.07(-4.33, 6.63) 11 3.46 —0.69(-3.95, 2.74)
Sotagliflozin 13 2.7 —0.50(-0.66, —0.34) 12 2.45 ~1.97(-3.42, —0.57) 4 8.59 ~2.79(-6.37, 0.32)
Enavogliflozin - - 3 9.2 ~4.47(-9.35, —1.99) 2 9.4 ~2.97(-6.39, —0.11)

*The numbers in the table indicate the mean (95%CI) of the maximum effect of the drug in that row for the outcome in that column.

Figs. S6-S9.

3.4. Key assumptions of network meta-analysis

The predictive interval plots (Supplementary Appendix 8) showed
that there was little heterogeneity in 3 outcomes of this study. The test for
inconsistency showed all P > 0.05, meaning that none of the in-
consistencies were significant. The box plots of baseline characteristics
drawn according to the comparison pairs are shown in Supplementary
Appendix 9. The patients’ baseline age (years), baseline HbAlc (%),
baseline duration of T2DM (years), sample size, and trial duration
(weeks) did not show significant differences among different comparison
pairs, and there were few outliers, which indicated that the transitivity
assumption of the network evidence body was established.

indicates that the drug corresponding to that row was not involved in the outcome in that column.

3.5. Risk of bias and quality of evidence

As shown in Fig. 9, for the total 192 studies included in this analysis,
the vast majority of studies found no high risk in bias arising from the
randomization process (186/192, 96.88%), deviations from intended
interventions (191/192, 99.48%), missing outcome data(192/192, 100
%), and measurement of the outcome(186,/192, 96.88%), For bias in
selection of the reported result, 130 studies showed low risk(130/192,
67.71%) and 60 studies showed some concern(60/192, 31.25%). Over-
all, the risk of bias across evidence network was relatively low.

Funnel plots for 3 outcomes are shown in Supplementary Appendix
10, and no significant publication bias was found. According to the
GRADE system, the overall quality of the evidence was moderate in the
vast majority of comparisons for HbAlc, SBP and DBP, the results are
shown in Supplementary Appendix 11.
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Fig. 5. Network plot for systolic blood pressure in model-based network meta-analysis.
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4. Discussion

In the results, nearly all SGLT-2i showed a slight increase in their
ability to reduce HbAlc levels with higher daily doses. However, the
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Fig. 7. Predictive effects in systolic blood pressure reduction.
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SGLT-2i, Luseogliflozin and Henagliflozin were recommended for
reducing HbAlc, and Canagliflozinand Luseogliflozin for reducing blood
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Fig. 9. Bar chart for risk of bias for included studies.

pressure.

A total of 192 eligible RCTs were analyzed by both traditional meta-
analysis and MBNMA in this study, which not only assessed the hypo-
glycemic and antihypertensive effects of SGLT-2i, but also explored the
possible dose-effect relationships of all SGLT-2i included. The results of
the Meta-analysis in this study showed that SGLT-2i reduced HbAlc by
0.50 % (95 % CI: 0.49% ~ 0.50%) in patients with T2DM compared with
placebo, which is generally consistent with the results of previously
published RCTs and meta-analysis.' %22

This is the first study to construct HbAlc reducing dose-response
models for all SGLT-2i. In the Emax model fitting, Luseogliflozin and
Henagliflozin demonstrated the greatest maximal effect in reducing
HbA1lc. The dose-response relationship model constructed in this study
also showed that the efficacy of some SGLT-2i in reducing HbAlc slightly
increased with the increase of dose, which suggested that, clinicians may
select the optimal dose according to the actual HbAlc reduction target
and other baseline conditions of each T2DM patient. In subsequent
studies, we can also obtain the maximum effective dose of each SGLT-2i
by detailed comparison and ranking of different dose groups. Addition-
ally, this model could be refined to identify the minimum effective dose
for each SGLT-2i, enabling the development of cost-effective treatment
strategies through pharmacoeconomic evaluation.

In previous published studies, SGLT-2i demonstrated a reduction in
blood pressure in patients with T2DM that was significantly more
effective than DPP-4i, GLP-1RA, and other hypoglycemic agents. In a
NMA published in 2021 that included 424 studies, Empagliflozin, Can-
agliflozin, Dapagliflozin and Ertugliflozin conferred the greatest re-
ductions in SBP, and this effect remained significant in subgroup analyses
with trial periods >52 weeks.'? Patients with T2DM and hypertension
are at increased risk of developing cardiovascular disease. The American
Society of Hypertension/International Society of Hypertension guide-
lines from 2014 suggest a BP goal of <140/90 mmHg in patients with
diabetes.”> A meta-analysis of 13 RCTs including over 37,000 diabetic
hypertensive patients has shown that intensive SBP control to less than
130 mmHg was associated with a 10 % reduction in all-cause mortality.
Intensive blood pressure reduction has led to a 17 % risk reduction of
stroke, accompanied by an additional risk reduction with further
lowering SBP to <120 mmHg.?* A 5 mmHg reduction in mean nocturnal
SBP was independently associated with a 20 % reduction in cardiovas-
cular risk, so the magnitude of SGLT-2i reduction from baseline may have
important clinical significance.”> A meta-analysis of 5 RCTs related to
SGLT-2i showed that the risk of HF and CKD, but not MACE, decreased
with more blood pressure lowering.2° Therefore, the comparison of the
hypotensive effect of SGLT2i in this study can provide recommendations
for the drug selection in clinical practice and may help patients reduce
the risk of HF and CKD.

There were some existing meta-analysis exploring the influence of the
dose of antidiabetic drugs on its effect, but most of them were achieved
by subgroup analysis, which is setting the cut-off values and dividing the
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included studies into subgroups for separate meta-analysis. In subgroup
analysis, not only the number of studies per subgroup be less, but the
high dose was treated as an unrelated comparison group to the low dose,
and a complete dose-effect curve could not be constructed. In this study,
an Emax model was constructed for all SGLT-2i drugs by MBNMA, which
not only combined the information from all included studies to construct
a dose-effect curve for each drug, but also enabled the prediction of ef-
ficacy of different dose groups in this dose-effect relationship. The
investigation of the dose-effect relationship of SGLT-2i can help to
optimize clinical dosing regimens. SGLT-2i is mostly recommended for
patients with T2DM combined with cardiovascular disease or high-risk
factors or chronic kidney disease in T2DM treatment guidelines. Based
on the dose-effect findings of this study, clinicians can select the lowest
effective dose to achieve the desired therapeutic effect, thereby mini-
mizing metabolic stress on the kidneys in patients with these underlying
conditions.

In addition to the dose-effect relationship of SGLT-2i, we also need to
consider its safety to decide whether to use it. According to the Standards
of Care in Diabetes-2024 published by the American Diabetes Associa-
tion, the new guidelines recommend SGLT-2i for patients with T2DM
who have been diagnosed with atherosclerotic cardiovascular disease,
heart failure, chronic kidney disease, or their risk factors, because they
have been shown to reduce the risk of cardio-renal events; Adding SGLT-
2i to insulin therapy did not significantly increase the risk of overall or
severe hypoglycemia. However, blood glucose levels should still be
closely monitored during treatment. SGLT-2i combined with insulin did
not increase the risk of urinary tract infection, but the risk of reproductive
system infection was slightly increased. Attention should be paid to
diabetic ketoacidosis (DKA) during SGLT2i combined with insulin ther-
apy to avoid the occurrence of DKA caused by inappropriate insulin
reduction or sudden interruption of treatment. For elderly patients,
SGLT2i is effective and well tolerated in the elderly population, but close
attention should be paid to signs and symptoms associated with hypo-
tension during treatment. Initiation of SGLT2i therapy is not recom-
mended in patients with severe hepatic and renal insufficiency.
Combined with the results of this study, clinicians should first determine
whether patients are suitable for the use of SGLT-2i in terms of safety,
and then determine the type and dosage of SGLT-2i according to the
actual situation of patients and treatment goals.

This study is the most comprehensive study on the dose-response
relationship of all SGLT-2i in reducing blood glucose and blood pressure,
which can provide important reference for the clinical decision making of
SGLT-2i for T2DM patients. Studies show that MBNMA can provide more
precise relative effect estimates than NMA in connected networks, and is
one of the most important solutions to solve the discontinuous problem in
discontinuous networks.?” Compared to NMA, MBNMA combines evi-
dence from RCTs comparing treatments (agent and dose combinations),
respects randomization in the included RCTs, allows estimation and
prediction of relative effects for multiple agents across a range of doses,
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uses plausible dose-response models, and allows assessment of model fit
and evidence consistency. Because of the precision of its results and its
ability to make predictions, MBNMA can provide some indirect basis for
pharmacoeconomic decisions, and therefore has a valuable role in drug
development and reimbursement decisions.

This study also has some limitations. First of all, SGLT-2i are often
used as monotherapy or in combination with metformin and other drugs
in clinical practice, this study did not deeply analyze whether there are
differences in efficacy between monotherapy and combination. The
study also did not explore the effect of drug administration duration and
patient baseline characteristics on efficacy. The main reason for the lack
of in-depth analysis of the above levels is that this study focuses on the
dose-response relationship of SGLT-2i. Stratified analysis of the above
factors may lead to thin network evidence structure in each layer, and
even a large number of drug dose groups may be missing in the layer,
which is detrimental to the purpose of this study. Most of the included
RCTs were conducted in Western countries; whether they are suitable for
other regions, such as Asian populations, remains to be discussed. In
addition, in the studies included in this study, RCTs associated with some
of the top-ranked drugs were rare, and some RCTs of SGLT-2i have only
been conducted in limited specific populations. We hope that further
research will be conducted to validate these findings in the future. The
findings of this study need further validation, particularly with regard to
the mechanisms of action of the drugs, and should be confirmed through
real-world studies and large observational trials. Additionally, this study
did not assess safety outcomes, and the potential dose-response rela-
tionship between the safety of SGLT-2 inhibitors (SGLT-2i) and dosage
remains to be explored in future research."

In conclusion, SGLT-2i reduces HbAlc levels and is dose-dependent,
while the antihypertensive effect of SGLT-2 has no dose effect relation-
ship. After comparing the maximum effects achieved by different SGLT-
2i, Luseogliflozin and Henagliflozin were recommended for reducing
HbA1lc, and Canagliflozin and Luseogliflozin for reducing blood pressure.
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