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Abstract
Reduction in blood pressure (BP) contributes to the cardiovascular and renal protective effects of sodium-glucose
co-transporter 2 inhibitors (SGLT-2is) and glucagon-like peptide 1 receptor agonists (GLP-1Ras). However, there
has been no direct comparison in terms of BP-lowering e�cacies. We compared the rates of achieving a target BP
with SGLT-2i and GLP-1Ra treatments administered to Japanese patients with type 2 diabetes mellitus (T2DM).
This retrospective study included 384 SGLT-2i- and 160 GLP-1Ra-treated patients with a BP > 130/80 mmHg
before treatment. Inverse probability weighting methods using propensity scores were applied in this study. The
integrated odds ratios (OR) for BP control rates were calculated and clinical changes were analyzed using a
generalized linear model. SGLT-2i treatment resulted in signi�cantly higher BP control rates than the GLP1Ra
treatment (integrated OR = 2.09 [1.80, 2.43]). Compared with GLP-1Ra, SGLT-2i treatment determined signi�cantly
larger decreases in diastolic BP, mean arterial pressure, and body weight (-3.8 mmHg, P = 0.006; -4.1 mmHg, P =
0.01; and -1.5 kg, P = 0.008, respectively) and increased annual estimated glomerular �ltration rate (eGFR; 1.5
mL/min/1.73 m2/year, P = 0.04). In T2DM patients with poorly controlled BP, compared with GLP-1Ra, SGLT-2i
treatment signi�cantly improved BP management along with increasing eGFR.

1 | Introduction
After rosiglitazone treatment was associated with increased cardiovascular risk, especially heart failure and
myocardial infarction (1), the United States Food and Drug Administration (FDA) requires non-inferiority
randomized placebo-controlled trials, known as cardiovascular outcome trials (CVOT), to assess the
cardiovascular risk of new types of drugs used for treating type 2 diabetes mellitus (T2DM). (2) Compared to
placebo, treatment with dipeptidyl peptidase-4 inhibitors (DPP4is) demonstrated non-inferiority for major adverse
cardiac outcomes (3–6), however, treatment with saxagliptin was associated with an increased risk of heart
failure (5). In contrast several CVOTs demonstrated the superiority of sodium-glucose co-transporter inhibitors
(SGLT-2is) (7–9) and glucagon-like peptide-1 receptor agonists (GLP-1Ra) in preventing major cardiovascular
events compared with placebo (10–13). Furthermore, in several CVOTs, both SGLT-2i and GLP-1Ra treatments
have been found to be associated with superior renal outcomes (7–9, 14). Based on these �ndings, which support
the cardiovascular and renal protective effects of SGLT-2i and GLP-1Ra, these two types of antidiabetics are highly
recommended by guidelines (15, 16). The mechanisms involved in the cardiovascular and renal protective effects
are not completely understood. It seems that not only their hypoglycemic effect, but also other effects such as
lowering blood pressure (BP), body weight (BW) loss, and improvement of insulin resistance or lipid pro�le are
involved thereof. The hypoglycemic effects of SGLT-2i are not essential for its organ-protective effects. A DAPA-HF
study investigating dapagli�ozin (17) and EMPEROR-reduced clinical trials investigating empagli�ozin (18)
demonstrated their superiority in cardiovascular outcomes, while a DAPA-CKD trial showed their superiority in
renal outcomes in patients with or without diabetes compared to placebo (19).

We previously performed a retrospective observational survey of 624 T2DM patients with chronic kidney disease
(CKD) and demonstrated that SGLT2i treatment decreased the urine albumin-to-creatinine ratio (ACR) in clinical
practice (20). We observed that the BP-lowering effect correlated with the renoprotective effect of SGLT-2i
treatment(21) (22) (23) (24). We also performed a retrospective observational survey which included 547 GLP-
1Ra-treated T2DM patients (data not published). Using these two reports, we directly compared the renal and
cardioprotective effects of SGLT-2i and GLP-1Ra using the propensity score (PS) matching method (25). This
analysis demonstrated the signi�cant superiority of SGLT-2i versus GLP-1Ra on the renal composite outcome in
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T2DM patients and that, in SGLT2i-treated patients, the decrease in BP is signi�cantly correlated with the decrease
in ACR (P = 0.04) (25).

Using actual clinical databases, we posit that appropriate BP control is an important mechanism underlying the
renoprotective effects of these new antidiabetics. However, a direct comparison between the BP-lowering effects
of these two types of antidiabetic drugs has not been su�ciently reported. Therefore, this study aimed to compare
the differences in BP control rates induced by SGLT-2i and GLP-1Ra treatment in Japanese T2DM patients.

2 | Results
2.1 | Clinical characteristics of SGLT-2i- and GLP-1Ra-treated patients at baseline

Supplementary Fig. S1 shows a schematic of the subject selection procedure. We included 384 SGLT-2i - and 160
GLP-1Ra-treated patients in the comparative analysis. The median duration of treatment was 32 months (range,
12–55 months) for the SGLT-2 group and 48.5 (range, 12–123 months) for the GLP-1Ra group. Table 1
presents the clinical characteristics of the SGLT-2i- and GLP-1Ra-treated patients at baseline. No signi�cant
differences were observed between the groups in terms of SBP and ACR values, logarithmic value of ACR (LnACR),
and concomitant use of pioglitazone, calcium channel blockers, and statins. However, signi�cant differences were
observed between the groups in other clinical characteristics: age, sex, BW, body mass index (BMI), diastolic BP,
mean arterial pressure (MAP), glycated hemoglobin A1c (HbA1c), estimated glomerular �ltration rate (eGFR),
duration of treatment, use of sulphonylurea metformin, insulin, renin-angiotensin system inhibitors, and β-blockers
(P <0.001, =0.003, <0.001, =0.003, =0.003,=0.01, <0.001, <0.001, <0.001,=0.01, <0.001, <0.001, =0.04, and =0.02,
respectively). 

2.2 | Cohort models using inverse probability weighting estimation

The clinical characteristics of SGLT-2i- and GLP-1Ra-treated patients after inverse probability weighting (IPW) are
shown in Tables 2, 3, and 4, where the utilized weighting methods were average treatment effect (ATE), average
treatment effect on the treated (ATT), and stabilized ATE, respectively. Furthermore, two different methods were
used for the adjustment of IPW: “weight truncation” that consisted in the exclusion of weights larger than 99
percentiles (model A), or “weight trimming” that consisted in excluding extreme PS values and including only the
patients with PS ranging from 0.05 to 1.0 (model B), who were selected for further analysis. The distribution of PS
in each group is shown in Supplementary Fig. S3. The C-index value for the calculated PS was 0.90.

Trimming using the PS value determined the exclusion of 204 patients from the analysis (166 patients had PS
values > 0.95 and 38 patients had values < 0.05). When using the other method, �ve weights were larger than 99
percentiles and were trimmed. 

2.3 | Primary outcome assessment

Comparisons between the rates of achieving the target BP with SGLT-2i and GLP-1Ra treatments based on the
generalized linear model and integrated odds ratio (OR) analyses are shown in Table 5 and Fig. 1, respectively. No
signi�cant differences were observed in primary outcome between treatment groups when employing model A (P
value was 0.06 using ATE weighting, 0.14 using ATT weighting, and 0.06 using stabilized ATE weighting).
However, when using model B, the difference was statistically signi�cant (P value was 0.03 using ATE weighting,
0.04 using ATT weighting, and 0.03 using stabilized ATE weighting). Figure 1 illustrates the integrated OR
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calculated using the meta-analysis method (2.09; 95% con�dence interval [CI]; 1.80–2.43). The weighted numbers
of patients who reached the target BP after treatment (events) and the weighted numbers of all patients (total)
using the six IPW models are shown on the left side of Fig. 1. 

2.4 | Evaluation of standardized differences among the six utilized models

The standardized differences among the clinical baseline characteristics depending on the type of weighting
model employed are shown in Supplementary Fig. S4. The median value and ranges of the standardized
differences obtained when applying ATE weighting with truncation of values > 99 percentiles, ATE weighting with
PS-based trimming (trimming by 0.05 ≦ PS ≦ 0.95), ATT weighting with truncation of values > 99 percentiles, ATT
weighting with PS-based trimming, stabilized ATE weighting with truncation of values > 99 percentiles, and
stabilized ATE weighting with PS-based trimming were 0.10 (0.01–0.35), 0.06 (0.01–0.20), 0.15 (0.03–0.50), 0.13
(0.02–0.37), 0.11 (0.003–0.35), and 0.07 (0.01–0.20), respectively. 

2.5 | Changes in clinical characteristics induced by treatment

After examining the variations in standardized differences in the baseline clinical characteristics depending on the
utilized weighting model, for further analysis, we adopted the ATE weighting model followed by trimming using a
PS value because this model showed the smallest median value of the standardized differences. The changes of
the clinical characteristics after SGLT2i treatment compare to GLP1Ra treatment by the analysis of the
generalized linear model are shown in Table 6. Signi�cant decreases in DBP, MAP, and BW were observed in SGLT-
2i- compared with GLP-1Ra-treated patients.

3 | Discussion
We performed two retrospective cohort surveys to assess the effects of two new classes of antidiabetic drugs,
SGLT-2i and GLP-1R, on renal function. In our previous analysis, we found that SGLT-2 has superior renoprotective
effects compared to GLP-1R and that BP reduction caused by treatment with SGLT-2 contributed to this effect (24,
26). To evaluate the comparative e�cacy of the two classes of drugs in lowering BP, we selected patients with
poorly controlled baseline BP. SGLT-2i showed a better BP control rate than GLP-1Ra treatment, which underlies
the renoprotective effects of SGLT-2i treatment.

Although randomized controlled studies provide high-quality evidence, retrospective cohort studies have serious
limitations because of inadequate data on confounding factors. PS is the probability that a case is included in the
treated group, calculated using the background characteristics that are considered confounding factors. PS
methods have been utilized for controlling confounding factors in clinical studies (27). Statistical methods using
PS, such as PS weighting and PS matching, may be useful for estimating treatment effects (28).

Of these, the PS-matching method reduces the effects of confounding factors by selecting only participants with
close PS and has been used in some real-world studies, such as CVD-REAL (Comparative Effectiveness of
Cardiovascular Outcomes in New Users of SGLT-2 Inhibitors) (29), EMPRISE (Empagli�ozin Comparative
Effectiveness and Safety) (30), and the J-CKD database (31). These studies evaluated the cardiovascular and
renal outcomes of SGLT-2i treatment.

PS weighting is another PS-based statistical method. In this survey, we selected participants who did not achieve
the target BP at baseline. Consequently, the sample size of both treatment groups became small. We obtained
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extreme propensity scores between the two treatment groups in the present models (the value of c-statistics was
0.904); therefore, PS matching may result in substantial loss of sample size. Consequently, we selected the PS-
weighting method for further analysis.

Different weighting methods can be used, depending on the primary treatment effect of interest (ATE, stabilized
ATE, or ATT). The formula for the weight calculation using PS is described in Supplementary Fig. S2. When the
value of PS approaches zero or one, the value of the weight is extremely high, resulting in biased estimates and
excessive variance.

Lee et al. reported that trimming large weights can improve the performance of PS weighting (32). Symmetric
trimming that excluded subjects with PS values ranging 0.05–0.95 was reported by Richard (33). The truncation
of the weight for values “larger than 99 percentiles was reported by Cole and Hernan (34). Currently, there is no
consensus on the best method to choose the right PS-weighting, trimming, or truncation method. We used six
statistical models in this survey.

To avoid selecting models that would generate the most favorable results, we assessed the integrated OR as
primary outcome, calculated using meta-analysis of data resulting from the six models applied. We conclude that
SGLT-2i treatment offers superior control of BP in T2DM patients compared with GLP-1Ra treatment. Some
concerns regarding this analysis must be mentioned. The ORs of individual models were calculated using
generalized linear model analysis. The integrated OR was calculated by combining the above-mentioned ORs in a
meta-analysis and using the weighted number of events. Therefore, the OR values, including the lower and upper
values of the 95% CIs, were not completely matched. Further analysis and discussion are warranted to determine
the best method for assessing the OR and choosing the optimal PS-weighting model. It may be di�cult to de�ne
an appropriate method of PS weighting because the standardized differences had a large variance in each utilized
model, as illustrated in Supplementary Fig. S4. Further analysis is needed to determine which model is appropriate
for this study by using data from clinical practice.

A meta-analysis showed the composite renal outcome superiority of SGLT-2i and GLP-1Ra treatment compared
with placebo (45% HR, 0.55; 95% CI, 0.48 to 0.64; P < 0.0001) (35); 17% HR, 0.83; 95% CI, 0.78–0.89; P = 0.098,
respectively) (36). A network meta-analysis concluded that SGLT-2i treatment possesses renal outcome superiority
compared with GLP-1Ra treatment (37) (38). The renoprotective mechanism of SGLT-2is may be a result of
multiple factors: favorable effects on vascular function by reducing intraglomerular pressure through restoration
of tubuloglomerular feedback, improvement of hypoxia in the proximal kidney tubule, and metabolic effects, such
as a reduction in BP or BW (39),(40). In turn, GLP-1Ras’ renoprotective effects may be a consequence of increased
sodium excretion due to the inhibition of the sodium-hydrogen exchanger isoform 3 (41) or anti-in�ammatory and
antioxidant effects (42, 43). In our previous studies, we found that SGLT-2i treatment is associated with a larger
decrease in BP than GLP-1Ra treatment, and that this effect is strongly correlated with their renoprotective effects
(25). Regarding the secondary outcome, we selected the ATE weighting model associated with PS-based trimming
for generating minimal standardized differences. Using this model for further analysis, we found that SGLT-2i
treatment resulted in a greater decrease in BP and BW and higher eGFR values compared with GLP-1Ra treatment.
These results are similar to those of our previous study (25). There was no signi�cant difference in the decrease in
LnACR between the two groups. However, a larger sample size may show that SGLT-2i determines a higher
decrease in LnACR than GLP-1Ra. Accordingly, the renoprotective effect of SGLT-2i in T2DM patients with poorly
controlled BP was superior to that of GLP-1Ra treatment.
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The standardized differences in clinical characteristics were below 0.20, with some exceptions, which were higher
than 1.0, even in this model. In general, a standardized difference of < 0.10 is associated with a meaningful
imbalance between the two groups (44). Austin reported that standardized differences exceeding 0.20 are
expected, even when the PS-matched model is correctly speci�ed (45). The model used in the current study (ATE
weighting associated with PS-based trimming) could decrease the imbalance between clinical characteristics at
baseline. However, bias remains concerning the confounding factors that were not included in the study. This is a
major limitation of this study.

Study limitations

In addition to the above-mentioned point, our comparative study has some other limitations.

Our surveys were small in size, were retrospective, and observational, were not performed simultaneously, and did
not have the same inclusion criteria. The subjects of the SGLT-2i survey were patients with T2DM and CKD,
whereas those of the GLP-1Ra survey were patients with T2DM. Therefore, there may have been a selection bias.
In clinical practice, combining both drugs is becoming a basic strategy for managing T2DM, and only patients
with underlying contraindications to one of them receive the other. In this study, we compared patients receiving
only one of these treatments. Therefore, our results are not applicable to patients treated with combination
therapies. As only 265 GLP-1Ra-treated patients were included in the comparative analysis, selection bias appears
to be a major issue in our survey.

Furthermore, our survey included only data from subjects who received continuous treatment. No data on adverse
events that emerged during treatment were collected. Adverse events and quality of life (QOL) are important
outcomes of any treatment. SGLT-2i drugs are administered orally, while GLP-1Ra drugs are administered by
injection (oral semaglutide was not available at the time of the survey in Japan), and this may have resulted in a
lower QOL or adherence to GLP-1Ra treatment. These factors may have further in�uenced our results.

Taken together, our results demonstrate that in T2DM patients with poorly controlled BP, SGLT-2i signi�cantly
improved BP management (the integrated OR and 95%CI was 2.09 [1.80, 2.43]) and increased BW loss and eGFR
compared with GLP-1Ra treatment (P =0.01, and 0.04, respectively). The e�cacy in achieving a target BP rate and
the characteristics of antidiabetic drugs should be considered to realize renoprotective effects in clinical practice.

4| Methods
4.1 | Study patients and data collection

This study is a sub-analysis of our previous study and the methods of this study was already described in our
previous report (25). In short, the Kanagawa Physicians Association carried out two retrospective surveys that
included patients with T2DM receiving SGLT-2i or GLP-1Ra therapy to investigate their in�uence on renal function.
The studies included patients who visited the clinics of members of the association between October and
December 2018 and from July to October 2020 for the SGLT-2i and GLP-1Ra surveys, respectively. Both surveys
had the following inclusion criteria: patients with T2DM who were (a) treated with each drug for more than one
year, (b) aged over 20 years, and, only for SGLT-2i retrospective study: (c) diagnosed as having CKD, as de�ned by
the K/DOQI clinical practice guidelines (46). The following patients were excluded: (a) undergoing chronic dialysis,
or with (b) type 1 DM, (c) severe liver dysfunction (e.g., liver cirrhosis or severe hepatitis), (d) stage IV malignancy,
(e) pregnancy, (f) poor adherence to each drug (suggested by irregular use), and (g) intended to opt out during the
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study. Applying these criteria, 34 patients in the SGLT-2i survey and 33 patients in the GLP-1Ra survey were
excluded. 

The following parameters were recorded at the time of initiation of each treatment and at the time of the survey:
age, sex, BW, BP (systolic; SBP, diastolic; DBP, mean arterial pressure; MAP), serum creatinine level, glycated
hemoglobin A1c (HbA1c), and urinary ACR [mg/g Cr] or qualitative proteinuria. The estimated glomerular �ltration

rate (eGFR) was calculated using the formula: eGFR (mL/min/1.73 m2) = 194 × age-0.287 × serum creatinine-1.094 ×
(0.739 for women) (47). The formula reported by Sumida et al. (48) was used to convert qualitative proteinuria
values to albuminuria values. Documentation of patients’ medical records was extracted by medical doctors, and
anonymized patient forms were used. A total of 140 patients in the SGLT-2i survey and 29 patients in the GLP-1Ra
survey were excluded because of missing ACR values at any point during data collection. Patients concomitantly
treated with both drugs were excluded. Thus, 541 and 265 patients were included in the SGLT-2i survey (SGLT-2i
group) and GLP-1Ra survey (GLP-1Ra group) surveys, respectively. Patients with poorly controlled BP (>130/80
mmHg) (determined in the clinical setting before the initiation of therapy) were further selected. In total, 384 and
160 patients were included in the SGLT-2i and GLP-1Ra groups, respectively. 

4.2 | Outcomes

In accordance with the Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH
2019), the target BP for T2DM patients is < 130/80 mm Hg (49). The primary endpoint of this study was the rate
of achievement of the target BP. 

4.3 | Statistical analysis

When different retrospective surveys are utilized to appropriately analyze the differences in the outcomes of the
two treatments, adjusting for confounding factors is needed. PS analysis is useful for balancing confounding
factors between the two groups. PS values for SGLT-2i-treated patients were calculated using a logistic regression
model to estimate the probability of treatment e�cacy when considering the following variables: age, sex, BW,
HbA1c, SBP, DBP, eGFR, and the logarithmic value of LnACR at baseline, as well as the concomitant use of
antihypertensive drugs, other glucose-lowering drugs, and statins. All of these factors are considered common
confounding factors when assessing the e�cacy of antihypertensive treatment.

In this study, the IPW method was used for comparative analysis. Several methods of weighting and trimming the
values may be utilized when the IPW method is applied. As no method is currently considered the best, we utilized
three methods for weighting, depending on the primary treatment effect of interest: ATE weighting, ATT weighting,
or stabilized ATE weighting. Supplementary Fig. S2 illustrates the calculation method for each weight using
PS. Two methods were further used for the adjustment of IPW: “weight truncation” that consisted in the exclusion
of weights larger than 99 percentiles (model A), or “weight trimming” that consisted in excluding extreme PS
values and including only the patients with PS ranging from 0.05 to 1.0 (model B). Accordingly, six models were
used in the IPW method. Regarding the primary outcome, ORs were calculated using the data obtained from the
six models, and a meta-analysis of the data was conducted to calculate the integrated OR, using EZR version
1.55 (Saitama Medical Center, Jichi Medical University, Saitama, Japan).

 Regarding the other comparative analyses, the model leading to the smallest standardized differences between
the clinical characteristics at baseline was selected, and a generalized linear model analysis was performed for
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the comparison between groups. 

An unpaired t-test was used to analyze differences in the clinical and laboratory pathological pro�les between the
two groups, the Mann-Whitney rank-sum test was used for continuous variables, and the chi-square test was used
for categorical data in the cohort model before applying IPW. After applying IPW, a generalized linear model was
used for comparative analysis.

The results are presented as mean ± standard deviation, mean (lower and upper 95% CI), or median with
interquartile range (IQR) for continuous data and as percentages for categorical data. Statistical signi�cance was
set at P < 0.05. All statistical analyses, except for the calculation of the integrated OR for the primary outcome,
were performed using the IBM SPSS Statistics software (version 28.0; IBM Inc., Armonk, NY, USA).

This retrospective study was conducted in accordance with the principles of the Declaration of Helsinki and was
approved by the special ethics committee of the Kanagawa Medical Association, Japan (approval Krec202005 on
March 23, 2020, for the GLP-1Ra survey and this comparison survey; approval Krec304401 on March 6, 2018, for
the SGLT-2i survey). Informed consent was waived by the special ethics committee of the Kanagawa Medical
Association, Japan, owing to the retrospective and observational nature of the study.

Declarations
Acknowledgments

We are grateful to all participants and acknowledge the support of Yutaka Hatori, Masaaki Miyakawa, Keiichi
Chin, Moritsugu Kimura, Nobumichi Saito, Tomohiko Kanaoka, Togo Aoyama, Tomoya Umezono, Shun Ito,
Daisuke Suzuki, Hiroshi Takeda, Fuyuki Minagawa, Hisakazu Degawa, Hideo Machimura, Toshimasa Hishiki,
Shinichi Umezawa, Hidetoshi Shimura, Shinichi Nakajima, Hareaki Yamamoto, Masaaki Miyauchi, Noriko
Kanayama, Kouta Aoyama, Masahiro Takihata, Kohsuke Minamisawa, Yoshiro Hamada, Masahiro Hayashi,
Satoshi Suzuki, Sanae Takeichi, Yoshiro Suzuki, Mitsuo Obana, Atsuko Mokubo, Noriyuki Asaba, and Satoshi
Suzuki, who contributed considerably to data collection.

Author contributions

Design;

Kazuo Kobayashi, Masao Toyoda, Nobuo Hatori, Takayuki Furuki, Hiroyuki Sakai, Yasuo Terauchi, Kouichi
Tamura, Kazuoyoshi Sato and Akira Kanamori.

Data collection

Kazuo Kobayashi, Masao Toyoda, Nobuo Hatori, Takayuki Furuki, Hiroyuki Sakai, Yasuo Terauchi, Kouichi
Tamura, Kazuyoshi Sato, and Akira Kanamori.

Analysis

Kazuo Kobayashi, Masao Toyoda, Nobuo Hatori, Hiroyuki Sakai, and Kouichi Tamura.

Writing manuscript



Page 9/20

Kazuo Kobayashi, Masao Toyoda, Nobuo Hatori, and Kouichi Tamura.

Data availability

Data are available from the Kanagawa Physicians Association Data Access/Ethics Committee for investigators
and are bound by con�dentiality agreements. Contact details: Kazuo Kobayashi MD, Kanagawa Physicians
Association, 3-1Fujimicho Naka-ku, Yokohama City, Kanagawa Prefecture, Japan E-mail: k-taishi@xc4.so-net.ne.jp

Con�ict of interest

The authors declare no con�icts of interest in association with the present study.

References
1. Nissen SE, Wolski K. Effect of Rosiglitazone on the Risk of Myocardial Infarction and Death from

Cardiovascular Causes. New England Journal of Medicine. 2007;356(24):2457-71.

2. (CDER) USDoHaHSFaDACfDEaR. Guidance for Industry Diabetes Mellitus — Evaluating Cardiovascular Risk
in New Antidiabetic Therapies to Treat Type 2 Diabetes. 2008:https://www.fda.gov/media/71297/download.

3. Green JB, Bethel MA, Armstrong PW, Buse JB, Engel SS, Garg J, et al. Effect of Sitagliptin on Cardiovascular
Outcomes in Type 2 Diabetes. New England Journal of Medicine. 2015;373(3):232-42.

4. White WB, Cannon CP, Heller SR, Nissen SE, Bergenstal RM, Bakris GL, et al. Alogliptin after Acute Coronary
Syndrome in Patients with Type 2 Diabetes. New England Journal of Medicine. 2013;369(14):1327-35.

5. Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J, Hirshberg B, et al. Saxagliptin and Cardiovascular
Outcomes in Patients with Type 2 Diabetes Mellitus. New England Journal of Medicine. 2013;369(14):1317-
26.

�. Rosenstock J, Perkovic V, Johansen OE, Cooper ME, Kahn SE, Marx N, et al. Effect of Linagliptin vs Placebo
on Major Cardiovascular Events in Adults With Type 2 Diabetes and High Cardiovascular and Renal Risk.
JAMA. 2019;321(1):69.

7. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al. Empagli�ozin, Cardiovascular
Outcomes, and Mortality in Type 2 Diabetes. N Engl J Med. 2015;373(22):2117-28.

�. Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, et al. Canagli�ozin and Cardiovascular
and Renal Events in Type 2 Diabetes. N Engl J Med. 2017;377(7):644-57.

9. Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al. Dapagli�ozin and Cardiovascular Outcomes
in Type 2 Diabetes. New England Journal of Medicine. 2019;380(4):347-57.

10. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JFE, Nauck MA, et al. Liraglutide and
Cardiovascular Outcomes in Type 2 Diabetes. New England Journal of Medicine. 2016;375(4):311-22.

11. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jódar E, Leiter LA, et al. Semaglutide and Cardiovascular
Outcomes in Patients with Type 2 Diabetes. New England Journal of Medicine. 2016;375(19):1834-44.

12. Hernandez AF, Green JB, Janmohamed S, D'Agostino RB, Granger CB, Jones NP, et al. Albiglutide and
cardiovascular outcomes in patients with type 2 diabetes and cardiovascular disease (Harmony Outcomes): a
double-blind, randomised placebo-controlled trial. The Lancet. 2018;392(10157):1519-29.

13. Gerstein HC, Sattar N, Rosenstock J, Ramasundarahettige C, Pratley R, Lopes RD, et al. Cardiovascular and
Renal Outcomes with Efpeglenatide in Type 2 Diabetes. N Engl J Med. 2021;385(10):896-907.



Page 10/20

14. Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJL, Charytan DM, et al. Canagli�ozin and Renal
Outcomes in Type 2 Diabetes and Nephropathy. New England Journal of Medicine. 2019;380(24):2295-306.

15. Committee ADAPP. 9. Pharmacologic Approaches to Glycemic Treatment: Standards of Medical Care in
Diabetes—2022. Diabetes Care. 2022;45 S125-S43.

1�. Buse JB, Wexler DJ, Tsapas A, Rossing P, Mingrone G, Mathieu C, et al. 2019 update to: Management of
hyperglycaemia in type 2 diabetes, 2018. A consensus report by the American Diabetes Association (ADA)
and the European Association for the Study of Diabetes (EASD). Diabetologia. 2020;63(2):221-8.

17. McMurray JJV, Solomon SD, Inzucchi SE, Køber L, Kosiborod MN, Martinez FA, et al. Dapagli�ozin in Patients
with Heart Failure and Reduced Ejection Fraction. New England Journal of Medicine. 2019;381(21):1995-
2008.

1�. Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ, Carson P, et al. Cardiovascular and Renal Outcomes
with Empagli�ozin in Heart Failure. New England Journal of Medicine. 2020;383(15):1413-24.

19. Heerspink HJL, Stefánsson BV, Correa-Rotter R, Chertow GM, Greene T, Hou F-F, et al. Dapagli�ozin in Patients
with Chronic Kidney Disease. New England Journal of Medicine. 2020;383(15):1436-46.

20. Kobayashi K, Toyoda M, Hatori N, Saito N, Kanaoka T, Sakai H, et al. Retrospective Analysis of the
Renoprotective Effects of Long-Term Use of Six Types of Sodium-Glucose Cotransporter 2 Inhibitors in
Japanese Patients with Type 2 Diabetes Mellitus and Chronic Kidney Disease. Diabetes Technol Ther.
2021;23:110-9.

21. Furuki T, Kobayashi K, Toyoda M, Hatori N, Sakai H, Sato K, et al. The in�uence of long‐term administration of
SGLT2 inhibitors on blood pressure at the o�ce and at home in patients with type 2 diabetes mellitus and
chronic kidney disease. The Journal of Clinical Hypertension. 2020;22(12):2306-14.

22. Kobayashi K, Toyoda M, Kaneyama N, Hatori N, Furuki T, Sakai H, et al. Relation between Blood Pressure
Management and Renal Effects of Sodium-Glucose Cotransporter 2 Inhibitors in Diabetic Patients with
Chronic Kidney Disease. Journal of Diabetes Research. 2019;2019:1-7.

23. Kobayashi K, Toyoda M, Hatori N, Furuki T, Sakai H, Umezono T, et al. Blood Pressure after Treatment with
Sodium‐Glucose Cotransporter 2 Inhibitors In�uences Renal Composite Outcome: Analysis using Propensity
Score Matched Models. Journal of Diabetes Investigation. 2020.

24. Kobayashi K, Toyoda M, Hatori N, Furuki T, Sakai H, Sato K, et al. Sodium–glucose cotransporter 2 inhibitor‐
induced reduction in the mean arterial pressure improved renal composite outcomes in type 2 diabetes
mellitus patients with chronic kidney disease: A propensity score‐matched model analysis in Japan. Journal
of Diabetes Investigation. 2021.

25. Kobayashi K, Toyoda M, Hatori N, Sakai H, Furuki T, Chin K, et al. Comparison of renal outcomes between
sodium glucose co-transporter 2 inhibitors and glucagon-like peptide 1 receptor agonists. Diabetes Res Clin
Pract. 2022;185:109231.

2�. Kobayashi K, Toyoda M, Hatori N, Furuki T, Sakai H, Umezono T, et al. Blood pressure after treatment with
sodium–glucose cotransporter 2 inhibitors in�uences renal composite outcome: Analysis using propensity
score‐matched models. Journal of Diabetes Investigation. 2020.

27. ROSENBAUM PR, RUBIN DB. The central role of the propensity score in observational studies for causal
effects. Biometrika. 1983;70(1):41-55.

2�. Austin PC. The relative ability of different propensity score methods to balance measured covariates between
treated and untreated subjects in observational studies. Med Decis Making. 2009;29(6):661-77.



Page 11/20

29. Kosiborod M, Cavender MA, Fu AZ, Wilding JP, Khunti K, Holl RW, et al. Lower Risk of Heart Failure and Death
in Patients Initiated on Sodium-Glucose Cotransporter-2 Inhibitors Versus Other Glucose-Lowering Drugs.
Circulation. 2017;136(3):249-59.

30. Patorno E, Pawar A, Franklin JM, Najafzadeh M, Déruaz-Luyet A, Brodovicz KG, et al. Empagli�ozin and the
Risk of Heart Failure Hospitalization in Routine Clinical Care. Circulation. 2019;139(25):2822-30.

31. Nagasu H, Yano Y, Kanegae H, Heerspink HJL, Nangaku M, Hirakawa Y, et al. Kidney Outcomes Associated
With SGLT2 Inhibitors Versus Other Glucose-Lowering Drugs in Real-world Clinical Practice: The Japan
Chronic Kidney Disease Database. Diabetes Care. 2021.

32. Lee BK, Lessler J, Stuart EA. Weight trimming and propensity score weighting. PLoS One. 2011;6(3):e18174.

33. Crump RK, Hotz VJ, Imbens GW, Mitnik OA. Dealing with limited overlap in estimation of average treatment
effects. Biometrika. 2009;96(1):187-99.

34. Cole SR, Hernán MA. Constructing inverse probability weights for marginal structural models. Am J
Epidemiol. 2008;168(6):656-64.

35. Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bonaca MP, et al. SGLT2 inhibitors for primary and secondary
prevention of cardiovascular and renal outcomes in type 2 diabetes: a systematic review and meta-analysis
of cardiovascular outcome trials. The Lancet. 2019;393(10166):31-9.

3�. Kristensen SL, Rørth R, Jhund PS, Docherty KF, Sattar N, Preiss D, et al. Cardiovascular, mortality, and kidney
outcomes with GLP-1 receptor agonists in patients with type 2 diabetes: a systematic review and meta-
analysis of cardiovascular outcome trials. The Lancet Diabetes & Endocrinology. 2019;7(10):776-85.

37. Yamada T, Wakabayashi M, Bhalla A, Chopra N, Miyashita H, Mikami T, et al. Cardiovascular and renal
outcomes with SGLT-2 inhibitors versus GLP-1 receptor agonists in patients with type 2 diabetes mellitus and
chronic kidney disease: a systematic review and network meta-analysis. Cardiovascular Diabetology.
2021;20(1).

3�. Wei XB, Wei W, Ding LL, Liu SY. Comparison of the effects of 10 GLP-1 RA and SGLT2 inhibitor interventions
on cardiovascular, mortality, and kidney outcomes in type 2 diabetes: A network meta-analysis of large
randomized trials. Prim Care Diabetes. 2021;15(2):208-11.

39. Cherney DZI, Perkins BA, Soleymanlou N, Maione M, Lai V, Lee A, et al. Renal Hemodynamic Effect of Sodium-
Glucose Cotransporter 2 Inhibition in Patients With Type 1 Diabetes Mellitus. Circulation. 2014;129(5):587-97.

40. van Raalte DH, Cherney DZI. Sodium glucose cotransporter 2 inhibition and renal ischemia: implications for
future clinical trials. Kidney Int. 2018;94(3):459-62.

41. Carraro-Lacroix LR, Malnic G, Girardi ACC. Regulation of Na+/H+exchanger NHE3 by glucagon-like peptide 1
receptor agonist exendin-4 in renal proximal tubule cells. American Journal of Physiology-Renal Physiology.
2009;297(6):F1647-F55.

42. Park CW, Kim HW, Ko SH, Lim JH, Ryu GR, Chung HW, et al. Long-Term Treatment of Glucagon-Like Peptide-1
Analog Exendin-4 Ameliorates Diabetic Nephropathy through Improving Metabolic Anomalies in db/db Mice.
Journal of the American Society of Nephrology. 2007;18(4):1227-38.

43. Kodera R, Shikata K, Kataoka HU, Takatsuka T, Miyamoto S, Sasaki M, et al. Glucagon-like peptide-1 receptor
agonist ameliorates renal injury through its anti-in�ammatory action without lowering blood glucose level in a
rat model of type 1 diabetes. Diabetologia. 2011;54(4):965-78.

44. Normand ST, Landrum MB, Guadagnoli E, Ayanian JZ, Ryan TJ, Cleary PD, et al. Validating recommendations
for coronary angiography following acute myocardial infarction in the elderly: a matched analysis using



Page 12/20

propensity scores. J Clin Epidemiol. 2001;54(4):387-98.

45. Austin PC. Balance diagnostics for comparing the distribution of baseline covariates between treatment
groups in propensity-score matched samples. Stat Med. 2009;28(25):3083-107.

4�. K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classi�cation, and strati�cation.
Am J Kidney Dis. 2002;39(2 Suppl 1):S1-266.

47. Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al. Revised equations for estimated GFR from
serum creatinine in Japan. Am J Kidney Dis. 2009;53(6):982-92.

4�. Sumida K, Nadkarni GN, Grams ME, Sang Y, Ballew SH, Coresh J, et al. Conversion of Urine Protein-Creatinine
Ratio or Urine Dipstick Protein to Urine Albumin-Creatinine Ratio for Use in Chronic Kidney Disease Screening
and Prognosis : An Individual Participant-Based Meta-analysis. Ann Intern Med. 2020;173(6):426-35.

49. Umemura S, Arima H, Arima S, Asayama K, Dohi Y, Hirooka Y, et al. The Japanese Society of Hypertension
Guidelines for the Management of Hypertension (JSH 2019). Hypertension Research. 2019;42(9):1235-481.

Tables
Table 1 

The clinical characteristics of SGLT2i-treated and GLP1Ra-treated patients at baseline
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SGLT2i-treated patients
(n=384)

GLP1Ra-treated patients
(n=160)

P-value

Age (year-old) 57.9±11.2 63.5±13.5 <0.001

Sex (female (%)) 126 (32.8%) 74 (46.3%) 0.003

BW (kg) 80.1±16.2 73.4±17.7 <0.001

BMI 29.3±4.9 28.0±5.4 0.003

SBP (mmHg) 141.1±12.8 140.9±11.9 0.44

DBP (mmHg) 81.6±11.2 78.6±11.2 0.003

MAP (mmHg) 101.4±9.5 99.4±8.9 0.01

HbA1c (mmol/mol (%)) 62.5±13.5

(7.9±1.2)

68.6±17.9

(8.4±1.6)

<0.001

eGFR (mL/min/1.73m2) 79.4±21.4 66.7±25.2 <0.001

ACR (mg/gCr) 38.4 [13.0, 125.5] 28.2 [13.5, 142.5] 0.88♯

LnACR 1.62±0.66 1.66±0.78 0.27

Duration of the treatment
(month)

31.9±10.7 55.2±31.4 <0.001

The concomitant treatment

SU 114 (29.7%) 30 (18.8%) 0.01

Metformin 231 (60.2%) 61 (38.1%) <0.001

Insulin 87 (22.7%) 72 (45.0%) <0.001

Pioglitazone 75 (19.5%) 23 (14.4%) 0.15

RAS inhibitor 213 (55.5%) 104 (65.0%) 0.04

CCB 189 (49.2%) 91 (56.9%) 0.10

Βblocker 46 (12.0%) 31 (19.4%) 0.02

Statin 234 (60.9%) 97 (60.6%) 0.95

 Values represent the mean±standard difference, n (n/total %), or medium [25% quantile, 75% quantile].

Chai square test,  unpaired t test, ♯Mann-Whitney rank-sum test

Abbreviation; BMI, body mass index; BW, body wight; CCB, calcium channel blocker; DBP, diastolic blood pressure;
eGFR, estimated glomerular �ltration; GLP1Ra, glucagon-like-1 receptor agonist; HbA1c, glycated hemoglobin A1c;
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LnACR, logarithmic value of urine albumin-to-creatinine ratio; MAP, mean arterial pressure; RAS, renin aldosterone
system; SBP, systolic blood pressure; SGLT2i, sodium glucose cotransporter inhibitor; SU, sulphonyl urea 

Table 2 

The clinical characteristics of SGLT2i-treated and GLP1Ra-treated patients after ATE weighting

Model A  (the truncation on 99 percentiles) Model B (the trimming by
0.05≦ PS ≦0.95

SGLT2i

(n=501 )

GLP1Ra

(n=513 )

Standardized
difference

SGLT2i

(n=338 )

GLP1Ra

(n=309 )

Standardized
difference

Age (year-old) 59.7±11.5 63.2±12.4 0.29 62.8±11.0 64.8±12.4 0.17

Sex(female (%)) 34.1 (%) 41.9 (%) 0.16 38.9 (%) 45.0(%) 0.13

BW (kg) 78.2±15.9 72.7±15.5 0.35 74.3±14.4 71.9±18.0 0.14

BMI 28.8±4.8 27.5±4.8 0.29 27.9±4.3 27.6±5.6 0.06

SBP (mmHg) 141.1±13.1 142.9±13.8 0.14 140.9±13.5 141.1±12.0 0.01

DBP (mmHg) 81.0±11.3 79.0±11.8 0.17 79.2±11.4 76.9±11.5 0.20

MAP (mmHg) 101.0±9.5 100.3±9.8 0.08 99.8±9.6 98.3±8.9 0.16

HbA1c (mmol/mol
(%))

64.4±14.8

(8.0±1.4)

64.7±15.3

(8.1±1.4)

0.02 8.0±1.4 8.1±1.4 0.05

eGFR
(mL/min/1.73m2)

76.4±21.6 72.9±22.0 0.16 71.0±19.9 69.3±22.0 0.08

LnACR 1.66±0.67 1.62±0.68 0.06 1.67±0.71 1.65±0.82 0.03

Duration of the
treatment
(month)

33.4±10.7 35.3±25.7 0.10 36.4±9.6 37.9±21.9 0.09

The concomitant
treatment

SU 25.5 (%) 25.2 (%) 0.01 18.4 (%) 21.4 (%) 0.08

Metformin 55.1 (%) 56.1 (%) 0.02 46.6 (%) 45.0 (%) 0.03

Insulin 29.7 (%) 34.1 (%) 0.09 40.2 (%) 41.4 (%) 0.02

Pioglitazone 17.6 (%) 9.4 (%) 0.24 15.1 (%) 13.6 (%) 0.04

RAS inhibitor 58.7 (%) 63.2 (%) 0.09 63.6 (%) 58.9 (%) 0.10

CCB 48.6 (%) 47.3 (%) 0.03 50.0 (%) 51.8 (%) 0.04

Βblocker 16.1 (%) 15.0 (%) 0.03 20.8 (%) 22.1 (%) 0.03

Statin 57.2 (%) 52.2 (%) 0.10 55.2 (%) 52.4 (%) 0.05
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 Values represent the mean±standard difference, or n (n/total %). 

 Calculated  number of subjects after weighting.

Abbreviation; ATE, average treatment effect; BMI, body mass index; BW, body wight; CCB, calcium channel blocker;
DBP, diastolic blood pressure; eGFR, estimated glomerular �ltration; GLP1Ra, glucagon-like-1 receptor agonist;
HbA1c, glycated hemoglobin A1c; LnACR, logarithmic value of urine albumin-to-creatinine ratio; MAP, mean arterial
pressure; PS, propensity score; RAS, renin aldosterone system; SBP, systolic blood pressure; SGLT2i, sodium
glucose cotransporter inhibitor; SU, sulphonyl urea

Table 3 

The clinical characteristics of SGLT2i-treated and GLP1Ra-treated patients after ATT weighting
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Model A  (the truncation on 99 percentiles) Model B (the trimming by
0.05≦ PS ≦0.95

SGLT2i

(n=384 )

GLP1Ra

(n=353 )

Standardized
difference

SGLT2i

(n=224 )

GLP1Ra

(n=193 )

Standardized
difference

Age (year-old) 57.9±11.2 63.0±11.9 0.44 61.2±10.8 65.4±11.9 0.37

Sex(female (%)) 32.8 (%) 39.9 (%) 0.15 38.8 (%) 45.6 (%) 0.14

BW (kg) 80.1±16.2 72.4±14.4 0.50 75.5±14.9 70.9±17.6 0.29

BMI 29.3±4.9 27.2±4.5 0.43 28.2±4.5 27.4±5.6 0.16

SBP (mmHg) 141.1±12.8 143.9±14.5 0.20 140.8±13.1 141.3±11.9 0.03

DBP (mmHg) 81.6±11.2 79.2±12.1 0.21 79.3±11.5 76.4±11.3 0.26

MAP (mmHg) 101.4±9.5 100.7±10.2 0.07 99.8±9.7 98.0±8.7 0.20

HbA1c (mmol/mol
(%))

62.5±13.5

(7.9±1.2)

92.9±13.6

(7.9±1.2)

0.03 8.0±1.4 8.0±1.4 0.02

eGFR
(mL/min/1.73m2)

79.4±21.4 75.7±19.9 0.18 73.4±20.1 71.2±19.9 0.11

LnACR 1.62±0.66 1.60±0.63 0.04 1.62±0.71 1.64±0.82 0.03

Duration of the
treatment
(month)

31.9±10.7 26.2±15.8 0.43 35.4±9.7 33.0±18.0 0.18

The concomitant
treatment

SU 29.7 (%) 28.1 (%) 0.04 22.3 (%) 23.8 (%) 0.04

Metformin 60.2 (%) 64.3 (%) 0.09 51.3 (%) 48.7 (%) 0.05

Insulin 22.7 (%) 29.2 (%) 0.15 33.0 (%) 39.4 (%) 0.13

Pioglitazone 19.5 (%) 7.1 (%) 0.37 17.4 (%) 13.0 (%) 0.12

RAS inhibitor 55.5 (%) 62.3 (%) 0.14 60.3 (%) 58.5 (%) 0.04

CCB 49.2 (%) 42.9 (%) 0.13 51.8 (%) 50.8 (%) 0.02

Βblocker 12.0 (%) 13.0 (%) 0.03 16.1 (%) 23.4 (%) 0.18

Statin 60.9 (%) 48.4 (%) 0.25 60.7 (%) 47.2 (%) 0.27

Values represent the mean±standard difference, or n (n/total %). 

 Calculated  number of subjects after weighting.

Abbreviation; ATT, average treatment effect on the treated; BMI, body mass index; BW, body wight; CCB, calcium
channel blocker; DBP, diastolic blood pressure; eGFR, estimated glomerular �ltration; GLP1Ra, glucagon-like-1
receptor agonist; HbA1c, glycated hemoglobin A1c; LnACR, logarithmic value of urine albumin-to-creatinine ratio;
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MAP, mean arterial pressure; PS, propensity score; RAS, renin aldosterone system; SBP, systolic blood pressure;
SGLT2i, sodium glucose cotransporter inhibitor; SU, sulphonyl urea

Table 4 

The clinical characteristics of SGLT2i-treated and GLP1Ra-treated patients after stabilized ATE weighting

Model A  (the truncation on 99 percentiles) Model B (the trimming by
0.05≦ PS ≦0.95

SGLT2i

(n=351 )

GLP1Ra

(n=150 )

Standardized
difference

SGLT2i

(n=240 )

GLP1Ra

(n=89 )

Standardized
difference

Age (year-old) 59.6±11.6 63.1±12.5 0.30 62.8±11.0 64.8±12.4 0.18

Sex (female (%)) 34.8 (%) 42.0 (%) 0.15 38.9 (%) 44.9 (%) 0.13

BW (kg) 78.2±16.0 72.7±15.5 0.35 74.3±14.4 71.9±1.8 0.15

BMI 28.8±4.8 27.5±4.8 0.29 27.9±4.3 27.6±5.6 0.07

SBP (mmHg) 141.3±13.2 142.9±13.8 0.12 140.9±13.5 141.1±12.1 0.01

DBP (mmHg) 80.9±11.3 79.0±11.9 0.17 79.2±11.4 76.9±11.5 0.20

MAP (mmHg) 101.1±9.6 100.3±9.8 0.08 99.8±9.6 98.3±9.0 0.16

HbA1c (mmol/mol
(%))

64.1±14.6

(8.0±1.3)

64.7±15.3

(8.1±1.4)

0.04 66.5±16.0

(8.2±1.5)

65.8±16.4

(8.2±1.5)

0.05

eGFR
(mL/min/1.73m2)

76.7±21.6 64.7±5.3 0.17 71.0±20.0 69.3±22.1 0.08

LnACR 1.65±0.67 1.62±0.68 0.05 1.67±0.71 1.65±0.82 0.03

Duration of the
treatment
(month)

33.3±10.7 35.1±25.7 0.11 36.4±9.6 37.9±22.0 0.11

The concomitant
treatment

SU 25.9 (%) 25.3 (%) 0.01 18.4 (%) 21.3 (%) 0.08

Metformin 55.8 (%) 56.0 (%) 0.003 46.7 (%) 44.9 (%) 0.03

Insulin 28.8 (%) 34.0 (%) 0.11 40.2 (%) 41.6 (%) 0.03

Pioglitazone 17.7 (%) 9.3 (%) 0.25 15.1 (%) 13.5 (%) 0.04

RAS inhibitor 58.1 (%) 63.3 (%) 0.11 63.6 (%) 58.9 (%) 0.08

CCB 49.3 (%) 47.3 (%) 0.04 50.0 (%) 51.7 (%) 0.03

Βblocker 14.8 (%) 14.7 (%) 0.004 20.8 (%) 22.2 (%) 0.04

Statin 58.1 (%) 52.0 (%) 0.12 55.2 (%) 52.2 (%) 0.04

 Values represent the mean±standard difference, or n (n/total %). 
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 the calculated  numbers of subjects after weighting

Abbreviation is same in Table 2.

Table 5

 The achievement ratio for BP control after SGLT2i treatment compare to GLP1Ra treatment by the analysis of the
generalized linear model

OR [95%CI] P-value

ATE (model A) 2.01 [0.97, 4.20] 0.06

ATE (model B) 2.09 [1.08, 4.03] 0.03

ATT (model A) 2.11 [0.78, 5.73] 0.14

ATT (model B) 2.35 [1.03, 5.36] 0.04

Stabilized ATE (model A) 2.06 [0.98, 4.31] 0.06

Stabilized ATE (model B) 2.09 [1.08, 4.03] 0.03

Odds ratio for SGLT2i treatment compared with GLP1Ra treatment

The truncation on 99 percentiles is utilized in model A, and ) the trimming by 0.05≦PS≦0.95 is utilized in model B.

Table 6

 The changes of the clinical characteristics after SGLT2i treatment compare to GLP1Ra treatment by the analysis
of the generalized linear model
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  ATE ATT Stabilized ATE

Truncation/trimming model A model B model A model B model A model B

ΔSBP -5.8 [-12.6,
1.0]

/ 0.09

-4.5 [-10.6,
1.5]

/0.14

-7.1 [-15.0,
0.9]

/ 0.08

-5.8 [-9.8,
-1.7]

/ 0.006

-6.5 [-13.0,
-0.0]

/ 0.049

-4.5 [-10.6,
1.5]

/ 0.14

ΔDBP -3.2 [-6.9,
0.6]

/ 0.10

-3.8 [-6.6,
-1.1]

/0.006

-3.3 [-8.2,
1.7]

/ 0.20

-4.2 [-7.2,
-1.1]

/ 0.008

-3.2 [-7.0,
0.6]

/ 0.10

-3.8 [-6.6,
-1.1]

/ 0.006

ΔMAP -4.0 [-8.3,
0.2]

/ 0.06

-4.1 [-7.2,
-1.0]

/0.01

-4.5 [-9.9,
0.9]

/ 0.10

-4.7 [-7.6,
-1.8]

/ 0.001

-4.3 [-8.5,
-0.1]

/ 0.046

-4.1 [-7.2,
-1.0]

/ 0.01

ΔBW -1.7 [-2.7,
-0.7]

/ 0.001

-1.5 [-2.7,
-0.4]

/0.008

-2.0 [-3.3,
-0.8]

/ 0.002

-1.9 [-0.6,
-0.6]

/ 0.003

-1.7 [-2.7,
-0.6]

/ 0.001

-1.5 [-2.7,
-0.4]

/ 0.008

ΔHbA1c 0.6 [-3.4,
4.6]

(0.1 [-0.3,
0.4])

/ 0.78

-1.5 [-5.8,
2.8]

(-0.14[-0.53,
0.26])

/0.49

0.6 [-4.2,
5.5]

(0.1 [-0.4,
0.5])

/0.79

-2.0 [-6.7,
2.6]

(-0.2 [-0.6,
0.2])

/ 0.39

0.7 [-3.4,
4.7]

( 0.1 [-0.3,
0.4])

/ 0.74

-1.5 [-5.8,
2.8]

(-0.1 [-0.5,
0.3])

/ 0.49

ΔeGFR per year 2.6 [-0.7,
5.8]

/ 0.12

1.5 [0.05,
2.9]

/0.04

3.4 [-0.1,
2.3]

/ 0.13

1.9 [0.1,
3.6]

/ 0.04

2.6 [-0.7,
5.9]

/ 0.12

1.5 [0.1,
2.9]

/ 0.04

ΔLNACR -0.11
[-0.23,
0.01]

/ 0.07

-0.13 [-0.27,
0.02]

/0.08

-0.08
[-0.23,
0.06]

/ 0.27

-0.14
[-0.32,
0.03]

/ 0.11

-0.12 [-0.24,
0.002]

/ 0.054

-0.13 [-0.27,
0.02]

/ 0.08

 Data present as the difference [95%CI] / P-value.

The truncation on 99 percentiles is utilized in model A, and ) the trimming by 0.05≦ PS ≦0.95 is utilized in model
B.

Abbreviation; Δ, change; BW, body wight; CI, con�dence interval; DBP, diastolic blood pressure; eGFR, estimated
glomerular �ltration; HbA1c, glycated hemoglobin A1c; LnACR, logarithmic value of urine albumin-to-creatinine
ratio; MAP, mean arterial pressure; SBP, systolic blood pressure

 

Figures



Page 20/20

Figure 1

The integrated OR using six models by meta-analysis method

 Calculated number of subjects after weighting.

Abbreviations: ATE, average treatment effect; ATT, average treatment effect on the treated; BP, blood pressure; CI,
con�dence interval; GLP1Ra, glucagon-like-1 receptor agonist; SGLT2i, sodium glucose cotransporter inhibitor
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