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Objectives. The purpose of this study was to explore the effects of sodium-glucose cotransporter-2 (SGLT-2) inhibitors on urine
albumin to creatinine ratio (UACR) in type 2 diabetes mellitus (T2DM) patients and to recommend appropriate medication
care scheme. Methods. 8371 T2DM patients from four dapagliflozin studies and two canagliflozin studies were collected for
analyzing with nonlinear mixed effect model (NONMEM). The change rates of UACR from baseline were intended to be
evaluation indicators. Results. In the present study, there was no significant difference in the effects on UACR using
dapagliflozin or canagliflozin treatment in T2DM patients. The maximal effect (E_, ) and the treatment duration of reaching
half of E_,, (ET5,) from SGLT-2 inhibitors on UACR in T2DM patients were -19.2% and 0.448 weeks, respectively. Further,
the treatment duration to reach 25%, 50%, 75%, and 80% E, .. was 0.150 weeks, 0.448 weeks, 1.344 weeks, and 1.792 weeks,
respectively. Namely, for achieving the plateau period (80% of E, ,,) of SGLT-2 inhibitors on UACR in T2DM patients, 10 mg/
day dapagliflozin (or 100 mg/day canagliflozin) should be taken for at least 1.792 weeks. Conclusions. To our knowledge, the
present study explored the effects of SGLT-2 inhibitors on UACR in T2DM patients, meanwhile, recommended appropriate
medication care scheme for the first time.

1. Introduction

Diabetes mellitus (DM) was a serious disease threatening to
human health and a public health problem attracting more
and more worldwide attention [1]. It was reported that in
2010, the estimated prevalence of DM in adults worldwide
was 6.4%, and in 2030, there would be approximately 7.7%

population suffering from DM in the world [2, 3]. China
accounted for about 30% in the world, of which type 2
DM (T2DM) accounted for 90% [1]. What was more impor-
tant was that DM could be complicated with multiple dis-
eases significantly increasing the death risk of DM patient
[1]. As everyone knows, long-term hyperglycemia would
result in chronic damage and dysfunction of various tissues,
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especially kidneys [4], blood vessels [5], nerves [6], and heart
[7], among which kidney damage was one of the most com-
mon microvascular complications in DM patients, which
brought great challenges to the treatment and nursing for
DM patients.

Urine albumin to creatinine ratio (UACR), also known
as urine microalbumin, helps identify kidney diseases that
could occur as a complication of DM [8]. At present, more
and more studies had used UACR as a valuable evaluation
index for kidney damage in T2DM patients [9-11].
Sodium-glucose cotransporter-2 (SGLT-2) inhibitors was a
group of antidiabetic drugs and play a hypoglycemic role
by restraining SGLT-2 who was accounted for approxi-
mately 90% glucose absorption in the kidney [12-14]. In
recent years, it had been reported that SGLT-2 inhibitors
had favourable renal protective effect and safety [15]. How-
ever, the influences from SGLT-2 inhibitors on UACR in
T2DM patients remained unknown. The purpose of this
study was to explore the effects of SGLT-2 inhibitors on
UACR in T2DM patients and to recommend appropriate
medication care scheme.

2. Methods

2.1. Included Patients. T2DM patients with treatment using
SGLT-2 inhibitors from published literatures were included
to analyze [16-21]. Supplementary showed literature search
program and detailed inclusion information such as source,
group, dosage, duration of treatment, number of people, and
age (Table 1S was search details, Figure 1S was search
strategies, and Table 2S was identified studies). The change
rates of UACR from baseline were intended to be
evaluation indicators for eliminating the potential baseline
effect, which was shown in the following formula:

-U
U= —tme  Tbase 1009, (1)
Ubase

U was the change rate of UACR from baseline; U,;,. was
the value of UACR at time; Uy, was the value of UACR at
baseline.

2.2. Model Establishment. The placebo control group effects
were eliminated from the sum effects to obtain the actual
SGLT-2 inhibitors effects on UACR in T2DM patients. In
addition, E_,, model was used to evaluate the effects of
SGLT-2 inhibitors on UACR in T2DM patients, shown in
the following formulas:

Ua,i,j = Us,i,j - Up,i,j’ (2)

E . ii % Time £
_ > 1) + »] (3)

~ ETy,; + Time /N, 71000

U. .. was the sum effects of SGLT-2 inhibitors on UACR

S,i,f
in T2DM patients; U,;; was the placebo control group
effects on UACR in T2DM patients; U,;; was the actual
effects of SGLT-2 inhibitors on UACR in T2DM patients; i

was different studies; j was time point. E, ,, was the maximal

U

ai,j
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effects of SGLT-2 inhibitors on UACR in T2DM patients;
ET,, was the treatment time to achieve half of the E
€,; was the residual error; N;; was the sample size.

Formulas (4)-(7) showed variabilities of interstudy
which were described by exponential or additive error
models:

max’

Emax,i,j = Emax X exp (bl,i)’ (4)
ETs,;; =ETs0 x exp (by), (5)
Emax,i,j = Emax + bl,i’ (6)
ETs,;;=ET5 + by (7)

b, ; and b, ; were the interstudy variabilities.
Formulas (8)-(10) showed continuous or categorical
covariates:

U;=U; +(COV -COV,,) -6, (8)
cov \ %

U=Upx |[——]) , 9

== (cov,) )

U,= Uy +COV x6.,. (10)

U, was individual parameter; U was typical parameter;
COV was covariate; COV,, was median value. 0. was correc-
tion coefficient. Different SGLT-2 inhibitors and dosages
were also selected as potential covariables to evaluate
whether there were significant difference on UACR in
T2DM patients between different drugs or different dosages.

The nonlinear mixed effect modeling (NONMEM) soft-
ware was used for building up model. Once basic model was
done, potential covariate was considered for adding into
E . or ET5,. The objective function value (OFV) change
was used as covariate inclusion criteria, when OFV
decreased more than 3.84 (y?, a=0.05, d.f. = 1), it was con-
sidered sufficient for inclusion, when OFV increased more
than 6.63 (x*, «=0.01, d.f. = 1), it was considered sufficient
for significance in the final model [22].

2.3. Model Evaluation. The observations vs. individual pre-
dictions, absolute value of individual weighted residuals
( | iWRES | ) vs. individual predictions, conditional weighted
residuals (CWRES) vs. time, observations/predictions vs.
time, individual plots, density vs. CWRES, and quantiles of
CWRES vs. quantiles of normal were used to evaluate the
final model. The visual predictive check (VPC) plot was used
to assess the predictive performance of final model. The
Bootstrap was used to assess the stability of model.

2.4. Prediction. The curve from the final model of effects of
SGLT-2 inhibitors on UACR in T2DM patients was simu-
lated, including the duration time achieving 25%, 50%,
75%, and 80% Emax of SGLT-2 inhibitors on UACR in
T2DM.
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FIGURE 1: Model evaluation. (a) Observations vs. individual predictions, (b) absolute value of individual weighted residuals ( | iWRES | ) vs.
individual predictions, (c) conditional weighted residuals (CWRES) vs. time, and (d) observations/predictions vs. time.

3. Results

3.1. Included Patients. 8371 T2DM patients from four dapa-
gliflozin studies and two canagliflozin studies were collected
for analysis [16-21], including five 10 mg/day dapagliflozin
groups, two 100mg/day canagliflozin groups, and one
300 mg/day canagliflozin group. Detailed information were
shown in Supplementary. The vast majority of these studies
were multinational sources, and their duration of treatment
were from 16 weeks to 182 weeks.

3.2. Modeling. The E, . and ET;, from SGLT-2 inhibitors
on UACR in T2DM patients were -19.2% and 0.448 weeks,
respectively. Furthermore, in terms of different SGLT-2
inhibitors drugs and dosages, 10mg/day dapagliflozin,
100 mg/day canagliflozin, and 300 mg/day canagliflozin were
not covariates included in the final model, indicating there
were no significant difference on UACR in T2DM patients
from 10mg/day dapagliflozin, 100 mg/day canagliflozin, or
300mg/day canagliflozin. In other words, for clinical use,
10mg/day dapagliflozin or 100mg/day canagliflozin was
available for treatment on UACR in T2DM patients.

The formulas (11) showed the final model of SGLT-2
inhibitors on UACR in T2DM patients:

3 -19.2% x Time
"~ 0.448 + Time

(11)

U was the change rate of UACR; Time was SGLT-2
inhibitors duration time to treat UACR in T2DM
patients.

3.3. Evaluation. The final model evaluation was shown in
Figures 1, 2, and 3, among which Figure 1 was observations
vs. individual predictions, | iWRES fvs. individual predic-
tions, CWRES vs. time, and observations/predictions vs.
time; Figure 2 was individual plots; and Figure 3 was density
vs. CWRES and quantiles of CWRES vs. quantiles of normal.
Overall speaking, individual predictions and observations
had better linear relationship. The VPC plot was shown in
Figure 4, indicating all observed data were included in the
10-90% prediction intervals produced with simulation data
and showing the predictive power of the final model. In
addition, the Bootstrap was shown in Table 1, and the abso-
lute values of bias were all less than 30%.

3.4. Prediction. Figure 5 showed the curve of effects from
SGLT-2 inhibitors on UACR in T2DM patients, where the
treatment duration to reach 25%, 50%, 75%, and 80% E, .
was 0.150 weeks, 0.448 weeks, 1.344 weeks, and 1.792 weeks,
respectively. Namely, for achieving the plateau period (80%
of E_ ) of SGLT-2 inhibitors on UACR in T2DM patients,
10mg/day dapagliflozin (or 100mg/day canagliflozin)
should be taken for at least 1.792 weeks.
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FIGURE 4: Visual predictive check plots. Median, 10% CI and 90% CI were simulated by Monte Carlo (# = 1000); CI: confidence interval. a-h

were from studies [16-21].

TaBLE 1: Parameter estimates of final model and Bootstrap.

Bootstrap (n =1000)

Parameter Estimate Median (Lower quartile, upper quartile) Bias (%)
E .o % -19.2 -22.6 (-39.6, -18.6) 17.71
ETs,, week 0.448 0.575 (0.010, 1.530) 28.35
O max 0.423 0.453 (0.255, 0.642) 7.09
3 9.965 9.750 (6.033, 12.845) -2.16

E, . Was the maximal effect; ET,, was the treatment duration to reach half of E

Bias = (Median — Estimate)/Estimate x 100%.

maxs WE max Was the interstudy variability of E, , ; € was the residual error;
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FIGURE 5: Model prediction.

4. Discussion

In the world, the number of DM patients had quadrupled in
the past three decades, and meanwhile, DM was the ninth
major cause of death, among which Asia had become the
major area of the rapidly emerging T2DM global epidemic,

and most T2DM patients always had at least one complica-
tion [23]. The complexity of T2DM treatment and care were
very challenging because they involved the prevention of
organ damage and complications [23], including chronic
damage and dysfunction of various tissues, especially kid-
neys [4], blood vessels [5], nerves [6], and heart [7], among



which kidney damage was one of the most common micro-
vascular complications in DM patients, which brought great
challenges to the treatment and nursing for DM patients.

SGLT-2 inhibitors were a group of antidiabetic drugs,
which had the ability to reduce the blood sugar via inhibiting
SGLT-2 [24]. Furthermore, except for lowering blood sugar
[25-30], SGLT-2 inhibitors also had abilities to lose weight
[24, 31, 32], reduce cardiovascular outcomes and mortality
risk [33], and play renal protective effect [15]. It was also
reported that SGLT-2 inhibitors could observably lower the
response of inflammatory and smaller infarct size compared
with other oral antidiabetic drugs, not dependent on blood
sugar control [34]. In addition, as everyone knows, UACR,
also known as urine microalbumin, helps identify kidney
disease that could occur as a complication of diabetes [8].
More importantly, numerous studies had used UACR as a
valuable evaluation index for kidney damage in T2DM
patients [9-11], where the efficacy of treatment could be
quantified by analyzing changes in UACR after continuous
treatment. However, the effects of SGLT-2 inhibitors on
UACR in T2DM patients remained unknown. The purpose
of this study was to explore the effects of SGLT-2 inhibitors
on UACR in T2DM patients and to recommend appropriate
medication care scheme.

In the present study, 8371 T2DM patients from four dap-
agliflozin studies and two canagliflozin studies were collected
for analysis [16-21], including five 10 mg/day dapagliflozin
groups, two 100mg/day canagliflozin groups, and one
300 mg/day canagliflozin group. The change rates of UACR
from baseline were intended to be evaluation indicators for
eliminating the potential baseline effect. Additionally, the pla-
cebo control group effects were eliminated from the sum
effects to obtain the actual SGLT-2 inhibitors effects on UACR
in T2DM patients, and E_,  model was used to evaluate the
effects of SGLT-2 inhibitors on UACR in T2DM patients.

Through model analysis, this study finally found that the
E, . and ET, from SGLT-2 inhibitors on UACR in T2DM
patients were -19.2% and 0.448 weeks, respectively. Further-
more, in terms of different SGLT-2 inhibitors drugs and dos-
ages, 10 mg/day dapagliflozin, 100 mg/day canagliflozin, and
300 mg/day canagliflozin were not covariates included in the
final model, indicating there were no significant difference
on UACR in T2DM patients from 10 mg/day dapagliflozin,
100 mg/day canagliflozin, or 300 mg/day canagliflozin. In
addition, the lack of a dose-response relationship between
SGLT?2 inhibitors and a series of safety or efficacy outcomes
had been already indicated in Mirabelli et al.’s study [35]. In
other words, for clinical use, 10mg/day dapagliflozin or
100 mg/day canagliflozin was available for treatment on
UACR in T2DM patients. Additionally, the present study
simulated the curve from the final model of effects of
SGLT-2 inhibitors on UACR in T2DM patients including
the duration time achieving 25%, 50%, 75%, and 80% E,,.
of SGLT-2 inhibitors on UACR in T2DM and found that
the treatment duration to reach 25%, 50%, 75%, and 80%
E. . Was 0.150 weeks, 0.448 weeks, 1.344 weeks, and 1.792
weeks, respectively. That was to say, for achieving the pla-
teau period (80% of E, ,,) of SGLT-2 inhibitors on UACR
in T2DM patients, 10 mg/day dapagliflozin (or 100 mg/day
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canagliflozin) should be taken for at least 1.792 weeks, which
could provide reference for clinical medication care.

However, there were also objective limitations in the
present study. As the number of relevant studies about
SGLT-2 inhibitors on UACR in T2DM patients were limited
on account of the current SGLT-2 inhibitors treatment for
UACR in T2DM patients was a new discovery. In addition,
most original studies that had looked at the effects of SGLT2
inhibitors on UACR had relied on post hoc analysis, and its
calculations of ET,, and E,,, may require farther confirma-
tion and validation in future investigations.

5. Conclusion

To our knowledge, the present study explored the effects of
SGLT-2 inhibitors on UACR in T2DM patients, meanwhile,
recommended appropriate medication care scheme for the
first time.

Data Availability

The data related to this article can be publicly available after
the article accepted.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Conception and design were done by D Wang, S He, P Zhu,
and X Chen. Collection of data was done by D Wang, C
Zhang, and Y Yang. Data analysis and interpretation were
done by D Wang. Manuscript writing was done by D Wang.
Final approval of manuscript was done by all authors. Dong-
Dong Wang, Cun Zhang, and Yang Yang contributed
equally to this work and are co-first authors.

Acknowledgments

This work was supported by the Initializing Fund of Xuzhou
Medical University (no. RC20552111), the Fusion Innovation
Project of Xuzhou Medical University (no. XYRHCX2021011),
and the Xuzhou Special fund for promoting scientific and
technological innovation (no. KC21257).

Supplementary Materials

The Supplementary Materials have been submitted along
with the primary manuscript, including search strategy and
studies identified for analysis. (Supplementary Materials)

References

[1] H. Tong, D. Wang, and M. Fang, “Correlation between the
variability of glycosylated hemoglobin and cardiovascular risk
in new-onset T2DM patients,” Contrast Media & Molecular
Imaging, vol. 2022, article 5370301, 7 pages, 2022.

[2] K. Margaritis, G. Margioula-Siarkou, S. Giza et al., “Micro-
RNA implications in type-1 diabetes mellitus: a review of


https://downloads.hindawi.com/journals/jdr/2022/5854200.f1.docx

Journal of Diabetes Research

(10]

(11]

(12]

(13]

(14]

(15]

literature,” International Journal of Molecular Sciences, vol. 22,
no. 22, p. 12165, 2021.

J. E. Shaw, R. A. Sicree, and P. Z. Zimmet, “Global estimates of
the prevalence of diabetes for 2010 and 2030,” Diabetes
Research and Clinical Practice, vol. 87, no. 1, pp. 4-14, 2010.

P. I. Georgianos, V. Vaios, S. Roumeliotis, K. Leivaditis,
T. Eleftheriadis, and V. Liakopoulos, “Evidence for cardiorenal
protection with SGLT-2 inhibitors and GLP-1 receptor ago-
nists in patients with diabetic kidney disease,” Journal of Per-
sonalized Medicine, vol. 12, no. 2, p. 223, 2022.

T. Li, X. Liu, L. Ni et al., “Perivascular adipose tissue alleviates
inflammatory factors and stenosis in diabetic blood vessels,”
Biochemical and Biophysical Research Communications,
vol. 480, no. 2, pp. 147-152, 2016.

S. T. Méndez-Morales, J. C. Pérez-De Marco, O. Rodriguez-
Cortés et al., “Diabetic neuropathy: molecular approach a
treatment opportunity,” Vascular Pharmacology, vol. 143, arti-
cle 106954, 2022.

Y. Qiu, S. Buffonge, R. Ramnath et al., “Endothelial glycocalyx
is damaged in diabetic cardiomyopathy: angiopoietin 1
restores glycocalyx and improves diastolic function in mice,”
Diabetologia, vol. 65, no. 5, pp. 879-894, 2022.

H. W. Chae, J. I. Shin, A. R. Kwon, H. S. Kim, and D. H. Kim,
“Spot urine albumin to creatinine ratio and serum cystatin C
are effective for detection of diabetic nephropathy in child-
hood diabetic patients,” Journal of Korean Medical Science,
vol. 27, no. 7, pp. 784-787, 2012.

A. D. Kaze, B. G. Jaar, G. C. Fonarow, and J. B. Echouffo-
Tcheugui, “Diabetic kidney disease and risk of incident stroke
among adults with type 2 diabetes,” BMC Medicine, vol. 20,
no. 1, p. 127, 2022.

Y. H. Lin, C. H. Lin, Y. Y. Huang et al., “Risk factors of first and
recurrent genitourinary tract infection in patients with type 2
diabetes treated with SGLT2 inhibitors: a retrospective cohort
study,” Diabetes Research and Clinical Practice, vol. 186,
p. 109816, 2022.

H. J. L. Heerspink, N. Jongs, G. M. Chertow et al., “Effect of
dapagliflozin on the rate of decline in kidney function in
patients with chronic kidney disease with and without type 2
diabetes: a prespecified analysis from the DAPA-CKD trial,”
The Lancet Diabetes and Endocrinology, vol. 9, no. 11,
pp. 743-754, 2021.

R. J. Turner and A. Moran, “Heterogeneity of sodium-
dependent D-glucose transport sites along the proximal
tubule: evidence from vesicle studies,” The American Journal
of Physiology, vol. 242, no. 4, pp. F406-F414, 1982.

A. Kashiwagi and H. Maegawa, “Metabolic and hemodynamic
effects of sodium-dependent glucose cotransporter 2 inhibitors
on cardio-renal protection in the treatment of patients with
type 2 diabetes mellitus,” Journal of Diabetes Investigation,
vol. 8, no. 4, pp. 416-427, 2017.

D. D. Wang, Y. Z. Mao, Y. Yang et al., “Effects of sodium-
glucose cotransporter-2 inhibitors on weight in type 2 diabetes
mellitus and therapeutic regimen recommendation,” Journal
Diabetes Research, vol. 2022, article 4491900, 13 pages, 2022.

J. Lin, S. Wang, T. Wen, and X. Zhang, “Renal protective effect
and safety of sodium-glucose cotransporter-2 inhibitors in
patients with chronic kidney disease and type 2 diabetes melli-
tus: a network meta-analysis and systematic review,” Interna-
tional Urology and Nephrology, 2022.

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

N. Jongs, T. Greene, G. M. Chertow et al., “Effect of dapagliflo-
zin on urinary albumin excretion in patients with chronic kid-
ney disease with and without type 2 diabetes: a prespecified
analysis from the DAPA-CKD trial,” The Lancet Diabetes
and Endocrinology, vol. 9, no. 11, pp. 755-766, 2021.

C. C.van Ruiten, A. B. Aart-van der Beek, R. G. Ijzerman et al.,
“Effect of exenatide twice daily and dapagliflozin, alone and in
combination, on markers of kidney function in obese patients
with type 2 diabetes: a prespecified secondary analysis of a ran-
domized controlled clinical trial,” Diabetes, Obesity & Metab-
olism, vol. 23, no. 8, pp. 1851-1858, 2021.

R. A. Scholtes, D. H. van Raalte, R. Correa-Rotter et al., “The
effects of dapagliflozin on cardio-renal risk factors in patients
with type 2 diabetes with or without renin-angiotensin system
inhibitor treatment: a post hoc analysis,” Diabetes, Obesity ¢
Metabolism, vol. 22, no. 4, pp. 549-556, 2020.

C. Pollock, B. Stefansson, D. Reyner et al., “Albuminuria-low-
ering effect of dapagliflozin alone and in combination with
saxagliptin and effect of dapagliflozin and saxagliptin on gly-
caemic control in patients with type 2 diabetes and chronic
kidney disease (DELIGHT): a randomised, double-blind,
placebo-controlled trial,” The Lancet Diabetes and Endocrinol-
ogy, vol. 7, no. 6, pp. 429-441, 2019.

T. Wada, K. Mori-Anai, Y. Kawaguchi et al., “Renal, cardiovas-
cular and safety outcomes of canagliflozin in patients with type
2 diabetes and nephropathy in east and south-east Asian coun-
tries: results from the canagliflozin and renal events in diabetes
with established nephropathy clinical evaluation trial,” Journal
of Diabetes Investigation, vol. 13, no. 1, pp. 54-64, 2022.

J. E. Yale, G. Bakris, B. Cariou et al., “Efficacy and safety of
canagliflozin over 52 weeks in patients with type 2 diabetes
mellitus and chronic kidney disease,” Diabetes, Obesity &
Metabolism, vol. 16, no. 10, pp. 1016-1027, 2014.

D. D. Wang, Y. Z. Mao, S. M. He, and X. Chen, “Analysis of
time course and dose effect from metformin on body mass
index in children and adolescents,” Frontiers in Pharmacology,
vol. 12, p. 611480, 2021.

Y. Zheng, S. H. Ley, and F. B. Hu, “Global aetiology and epide-
miology of type 2 diabetes mellitus and its complications,”
Nature Reviews. Endocrinology, vol. 14, no. 2, pp. 88-98, 2018.
N. Mittal, V. Sehray, R. Mittal, and S. Singh, “Reno-protective
potential of sodium glucose cotransporter-2 (SGLT2) inhibi-
tors: summary evidence from clinical and real-world data,”
European Journal of Pharmacology, vol. 907, p. 174320, 2021.
E. Araki, C. Mathieu, T. Shiraiwa et al., “Long-term (52-week)
efficacy and safety of dapagliflozin as an adjunct to insulin
therapy in Japanese patients with type 1 diabetes: subgroup
analysis of the DEPICT-2 study,” Diabetes, Obesity & Metabo-
lism, vol. 23, no. 7, pp. 1496-1504, 2021.

T. Biester, I. Muller, T. von dem Berge et al., “Add-on therapy
with dapagliflozin under full closed loop control improves
time in range in adolescents and young adults with type 1 dia-
betes: TheDAPADreamstudy,” Diabetes, Obesity ¢ Metabo-
lism, vol. 23, no. 2, pp. 599-608, 2021.

E. Araki, H. Watada, Y. Uchigata et al., “Efficacy and safety of
dapagliflozin in Japanese patients with inadequately controlled
type 1 diabetes (DEPICT-5): 52-week results from a random-
ized, open-label, phase III clinical trial,” Diabetes, Obesity ¢
Metabolism, vol. 22, no. 4, pp. 540-548, 2020.

J. Parkinson, W. Tang, M. Astrand et al., “Model-based char-
acterization of the relationship between dapagliflozin systemic



[29]

(30]

(31]

(32]

(33]

(34]

(35]

exposure and HbA1c response in patients with type 1 diabetes
mellitus,” Diabetes, Obesity ¢ Metabolism, vol. 21, no. 6,
pp. 1381-1387, 2019.

C. Mathieu, P. Dandona, P. Gillard et al., “Efficacy and safety
of dapagliflozin in patients with inadequately controlled type
1 diabetes (the DEPICT-2 study): 24-week results from a ran-
domized controlled trial,” Diabetes Care, vol. 41, no. 9,
pp. 1938-1946, 2018.

P. Dandona, C. Mathieu, M. Phillip et al., “Efficacy and safety
of dapagliflozin in patients with inadequately controlled type 1
diabetes (DEPICT-1): 24 week results from a multicentre, dou-
ble-blind, phase 3, randomised controlled trial,” The Lancet
Diabetes and Endocrinology, vol. 5, no. 11, pp. 864-876, 2017.

S. Sha, D. Polidori, T. Heise et al., “Effect of the sodium glucose
co-transporter 2 inhibitor canagliflozin on plasma volume in
patients with type 2 diabetes mellitus,” Diabetes, Obesity ¢
Metabolism, vol. 16, no. 11, pp. 1087-1095, 2014.

H. J. Heerspink, B. A. Perkins, D. H. Fitchett, M. Husain, and
D. Z.1. Cherney, “Sodium glucose cotransporter 2 inhibitors in
the treatment of diabetes mellitus,” Circulation, vol. 134,
no. 10, pp. 752-772, 2016.

A. Mascolo, C. Scavone, L. Scisciola, P. Chiodini, A. Capuano,
and G. Paolisso, “SGLT-2 inhibitors reduce the risk of cerebro-
vascular/cardiovascular outcomes and mortality: a systematic
review and meta-analysis of retrospective cohort studies,”
Pharmacological Research, vol. 172, p. 105836, 2021.

P. Paolisso, L. Bergamaschi, G. Santulli et al., “Infarct size,
inflammatory burden, and admission hyperglycemia in dia-
betic patients with acute myocardial infarction treated with
SGLT2-inhibitors: a multicenter international registry,” Car-
diovascular Diabetology, vol. 21, no. 1, pp. 1-12, 2022.

M. Mirabelli, E. Chiefari, P. Caroleo et al., “Long-term effec-
tiveness and safety of SGLT-2 inhibitors in an Italian cohort
of patients with type 2 diabetes mellitus,” Journal Diabetes
Research, vol. 2019, article 3971060, 8 pages, 2019.

Journal of Diabetes Research



	Effects of Sodium-Glucose Cotransporter-2 Inhibitors on Urine Albumin to Creatinine Ratio in Type 2 Diabetes Mellitus Patients and Medication Care
	1. Introduction
	2. Methods
	2.1. Included Patients
	2.2. Model Establishment
	2.3. Model Evaluation
	2.4. Prediction

	3. Results
	3.1. Included Patients
	3.2. Modeling
	3.3. Evaluation
	3.4. Prediction

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

