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Dapagliflozin has been used to treat patients with type 1 diabetes mellitus;
however, the actual drug efficacy of dapagliflozin on glycated hemoglobin
(HbAlc) and whether there is a rebound from dapagliflozin efficacy on HbAlc
remain unknown. The present study aimed to explore the actual therapeutic
effect and rebound situation of dapagliflozin on HbAlc in type 1 diabetes
mellitus patients. A total of 1,594 type 1 diabetes mellitus patients were
enrolled for analysis using a non-linear mixed effect model from
randomized controlled trials from published literature works including two
5mg/day dapagliflozin dosage groups and three 10 mg/day dapagliflozin
dosage groups. The change rate of HbAlc from a baseline value was chosen
as a dapagliflozin pharmacodynamic evaluation index. After deducting control
group effects, the therapeutic effect of 5 and 10 mg/day dapagliflozin on HbAlc
in type 1 diabetes mellitus patients had no significant difference. In addition, the
actual maximal efficacy (AEmax) of dapagliflozin on HbAlc was -6.24% at week 9.
When it reached the AE, .. the dapagliflozin pharmacodynamic rebound on
HbAlc occurred, and when the treatment was continued for 0.5 and 1 year, the
actual efficacies were -4.70% (75% AEmax) and -3.27% (52% AEmax), respectively.
This was the first time to clarify the actual therapeutic effect and rebound
situation of dapagliflozin on HbAlc in type 1 diabetes mellitus patients, providing
a reference value for clinical practices.

KEYWORDS
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1 Highlight

After deducting control group effects, the therapeutic effect of 5 and 10 mg/day
dapagliflozin on HbAlc in T1IDM patients had no significant difference.

The actual maximal efficacy (AE,,,,) of dapagliflozin on HbAlc was -6.24% at week 9.
When it reached the AE, ., the dapagliflozin pharmacodynamic rebound on HbAlc
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occurred, and when the treatment was continued for 0.5 and
1 year, the actual efficacies were -4.70% (75% AE,,,,) and
-3.27% (52% AE,,.y), respectively.

This was the first time to clarify the actual therapeutic effect
and rebound situation of dapagliflozin on HbAlc in TIDM
patients, providing a reference value for clinical practices.

2 Introduction

Diabetes mellitus (DM) is a group of metabolic diseases
characterized by hyperglycemia, which is caused by defective
insulin secretion, impaired insulin biology, or both. Long-term
hyperglycemia leads to chronic damage and dysfunction of
various tissues, especially eyes (Yao et al, 2022), kidneys
(Georgianos et al, 2022), heart (Qiu et al, 2022), blood
vessels (Li et al,, 2016), and nerves (Mendez-Morales et al.,
2022). In 2010, the estimated prevalence of DM in adults
worldwide was 6.4%, and it will probably rise up to 7.7% by
2030 (Shaw et al., 2010; Margaritis et al., 2021). Type 1 diabetes
mellitus (TIDM), encompassing 5-10% of the total DM cases, is
an autoimmune disease characterized by the destruction of
B-cells (Wallberg and Cooke, 2013),
development relies on at least three key factors: genetic

pancreatic whose
predisposition, environmental aspect, and immunoreaction
that leads to (B-cell destruction (Esposito et al., 2019; Purdel
et al.,, 2021).

At present, TIDM is regulated using strict blood sugar
control, exogenous insulin  supplementation, dietary
adjustment, appropriate exercise, and other physiological
factors (Dikeman and Westman, 2021), among which insulin-
replacement treatment is a cornerstone therapy for TIDM
patients (American Diabetes Association, 2019). With the
progress in insulin delivery and glucose monitoring systems,
the treatment environment for T1DM patients has been
significantly improved; however, the blood glucose control of
T1DM patients is still not ideal, and only less than 1/3 patients
can achieve the ideal blood glucose control (Miller et al., 2015;
Paik and Blair, 2019). Therefore, it is urgent to find a new
treatment for TIDM patients with poor glycemic control.

Dapagliflozin, a sodium-glucose cotransporter-2 inhibitor,
has been approved for the treatment of type 2 DM (T2DM)
(Curovic et al., 2022; Lazzaroni et al., 2022). The mechanism of
dapagliflozin is to promote glycemic disposal in an insulin-
independent way, thereby decreasing postprandial glycemia
and glycemic excursions accompanied by an inferior insulin
demand without increasing the risk of hypoglycemia (Li et al.,
2022). It is interesting to note that research results suggest that
dapagliflozin is a promising adjunct treatment to insulin which
improves glycemic control in patients with inadequately
controlled T1DM (Dandona et al., 2017; Mathieu et al., 2018;
Parkinson et al., 2019; Araki et al., 2020; Araki et al., 2021; Biester

et al,, 2021); meanwhile, it significantly decreases the glycated
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hemoglobin (HbAlc) (Li et al., 2022). HbAlc identifies average
plasma glucose concentration, and for people with diabetes this is
important as the higher the HbAlc, the greater the risk of
developing diabetes-related complications (Rydberg et al,
2022; Wikstrom et al, 2022). However, the actual drug
efficacy of dapagliflozin on HbAlc and whether there is a
rebound from dapagliflozin efficacy on HbAlc remain
unknown and thus cannot effectively guide an appropriate use
of clinical medication. The present study aimed to explore the
actual therapeutic effect and rebound situation of dapagliflozin
on HbAlc in TIDM patients.

3 Methods
3.1 Included patients

A total of 1,594 T1DM patients treated with dapagliflozin
were enrolled from published literature works, which were
randomized controlled trials (Kuhadiya et al, 2016; Dandona
et al,, 2018; Mathieu et al., 2020), and they were collected for
analysis using a non-linear mixed effect model. These research
studies were approved by the ethics committee of each
participating center (Kuhadiya et al, 2016; Dandona et al,
2018; Mathieu et al, 2020). In the present study, information
on source, group, dapagliflozin dosage, duration of treatment,
HbAlc, number of people, age, duration of TIDM, and total
baseline insulin dose was collected from these randomized
controlled trials.

The change rate of HbAlc from the baseline value was
chosen as a dapagliflozin pharmacodynamic evaluation index
in order to eliminate the potential baseline effect, and it is given
in Equation 1 as follows:

-H,
—— x 100%
b

H

H% = — (1)

where H, represents the value of HbAlc at time and H,
represents the value of HbAlc at baseline.

3.2 Model establishment

To obtain the actual dapagliflozin effect on HbAlc in TIDM
patients, the control effect needs to be subtracted from the sum
effect, which is shown in Eq. 2:

@

Hactuali,j = Hsumi,j _Hcontrol,i,j

Here, Hoym;j represents the sum effect of dapagliflozin on
HbAlcin TIDM patients; Heongrol,ij represents the control group
effect on HbAlcin TIDM patients; H,cquari,j represents the actual
effect of dapagliflozin on HbAlc in TIDM patients; i represents
different studies; and j represents the timepoint of every study.
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We analyzed actual dapagliflozin effect on HbAlc in TIDM
patients and found that it increased over time; at some timepoint,
a maximal value was reached, followed by a drug rebound effect,
which is shown in the Supplementary Data. These data
characteristics were described using the following Eq. 3:

&
O
Ny
100

Emax,i,j x Time
ET50, ij t Time

er,v, jxTime

3)

Eactual,i,j =

Here, E,cuaij represents the actual effect of dapagliflozin on
HbAlc in T1DM patients; En.x represents the theoretical
maximal effect of dapagliflozin on HbAlc in TIDM patients;
ETs, represents the treatment duration to reach half of the E, .5 T
is the rate of drug rebound; i represents different studies; and j
represented the timepoint of every study. € ;; represents the
residual error of the study i with j time and N; ; represents the
sample size in the study i with timepoint j. &;; was weighted by
the sample size, assumed to be normally distributed, with a mean
of 0 and variance of 6°/(N;;/100).

The additive or exponential error models were used to assess
the inter-study variabilities, which were shown in Eqs 4-9as

follows:
Emaxij = Emax + 1y (4)
ETso;; = ETso + 1, ®)
Ty = T+, (6)
Enmaxij = E max X eXP(‘h,i) (7)
ETso;5 = ETs % exp(nzvi) ©)
Ty =TX exp(nli) ©)]

Here, 11, N2> and n3; represent the inter-study variabilities,
and when available, they would be incorporated into E, .., ETs0,
or T, respectively. Ny ;, N2> and n3; were assumed to be normally
distributed, with a mean of 0 and variance of w; %, w,*, and w3 %,
respectively.

The categorical covariates or continuous covariates were
evaluated using Eqs 10-12 :

HP = Ht + COV x ec (10)
H, = Hy + (COV - COV,)6. (11)
H, = Hy x (COV/COV,,)* (12)

Here, H, represents the parameter for a patient with a
covariate value of COV; Hr represents the typical value of the
parameter; COV represents covariate; COV,, represents the
median value of covariables in the population; and 0.
represents a correction coefficient of the covariate to the
model parameter.

The model was built up via non-linear mixed effect modeling
(NONMEM, edition 7, ICON Development Solutions, Ellicott
City, MD, United States of America) software. After the basic
model was built, when available, potential covariates were
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considered to be incorporated into E,.. ETsyp, or t. The
change in the objective function value (OFV) was the
covariate inclusion criteria, where if the OFV decrease was
greater than 3.84 (x°, a = 0.05, d.f. = 1), it was considered
sufficient as inclusion and if the OFV increase was greater
than 6.63 (x°, a = 0.01, d.f. = 1), it was considered sufficient
as significance in the final model (Wang et al., 2021).

3.3 Model evaluation

The goodness-of-fit plots of the model (observations vs.
predictions and observations/predictions vs. time), individual
plots, and conditional weighted residual (CWRES) vs. time/
population predictions/individual predictions were used to
estimate the final model, where CWRES values in the range of
-3 to 3 represented a good prediction of the model (Chen et al.,
2021; Chen et al., 2022). In addition, the medians and 2.5-97.5%
results from bootstrap (n = 1,000) were used to compare with
final model parameters. Prediction-corrected visual predictive
check (VPC) plots were used to assess the predictive performance
of the final model.

3.4 Model prediction

The actual efficacy curve of dapagliflozin on HbAlc from the
final model was simulated using the Monte Carlo method, which
was a mathematical technique used to predict the situation in
which an event would occur (Wang et al., 2021; Wang et al.,
2022). The actual maximal efficacy (AE,,,,) of dapagliflozin on
HbAlc and the dapagliflozin therapeutic effect on HbAlc after
reaching AE,.. when continued for 0.5 and 1year were
simulated.

4 Results
4.1 Included studies

A total of 1,594 multinational TIDM patients were enrolled
for analysis from three randomized controlled trials from
published 5 mg/day
dapagliflozin dosage groups and three 10 mg/day dapagliflozin

literature  works including  two
dosage groups (Kuhadiya et al., 2016; Dandona et al., 2018;
Mathieu et al.,, 2020). In addition, the duration of dapagliflozin
treatment was from 12 to 52 weeks, the age of TIDM patients
were in the range of 41.9-55.0 years, the baseline value of HbAlc
ranged from 7.40 to 8.53%, the duration of T1DM ranged from
18.98 to 30 years, and the total baseline insulin dose was in the
range of 44.7-63.1 IU, which are shown in the Supplementary
Data. Part of the literature information was retrieved from the

previous study (Wang et al., 2022).
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Time

Goodness-of-fit plots of the model. (A) Observations vs. predictions and (B) observations/predictions vs. time. Blue smooth lines represent the
trend of an individual study. Red smooth lines represent the trend of all points.

4.2 Modeling

In the final model, no covariate (in particular dosage) was
incorporated into the model, showing no significant
dose-response relationship between 5 and 10 mg/day affecting
HbA1lc, according to the current research studies. The theoretical
Emax and ETs from dapagliflozin effects on HbAlc were -8.08%
and 1.23 weeks, and the rate of drug rebound, T, was
-0.0145 weeks™. The actual therapeutic effect of dapagliflozin
on HbAlc in T1DM patients was shown in Eq. 13as follows:

—8.08% x Time><

—0.0145xTime
13
1.23 + Time (13)

Eactual =

Here, E,qua represents the actual therapeutic effect of
dapagliflozin on HbAlc in TIDM patients and Time represents
a variable for dapagliflozin treatment duration in TIDM patients.

4.3 Evaluation

Observations vs. predictions and observations/predictions vs.
time are shown in Figures 1A, B, respectively, showing good

Frontiers in Pharmacology

linear relationships between predictions and observations.
Individual plots are shown in Figure 2, indicating that the
present model could well fit the situation of each dose
group. CWRES vs. time/population and predictions/individual
predictions are shown in Figure 3, and the CWRES values were
all ranged between -3 and 3, indicating the better fitting of the
final model. Furthermore, the medians and 2.5-97.5% results
from bootstrap are shown in Table 1. Medians from bootstrap
were equal to or approximately equal to the corresponding
estimate values of the final model, and all the bias absolute
values were less than 15%, indicating that the model was stable.
Prediction-corrected VPC plots are shown in Figure 4 and the
most observed data were included in the 95% prediction intervals
produced with simulation data, indicating the better predictive
power of the final model.

4.4 Prediction

The actual efficacy curve of dapagliflozin on HbAlc from the
final model is shown in Figure 5, and the AE,,, of dapagliflozin
on HbAlc was -6.24% at week 9. Meanwhile, it was found that
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TABLE 1 Parameter estimates of the final model and 95% confidence interval.

Parameter Estimate Simulation Bias (%)
Median 95% confidence interval

Emaxo % -8.08 -8.10 [-9.16, -7.24] 0.248
ETsq, week 123 123 [0.88, 1.69] 0
1, week™! -0.0145 -0.0145 [-0.0171, -0.0126] 0

Omax 0.189 0.187 [0.099, 0.220] -1.058

WpTs0 0.742 0.641 (0.242, 1.015] -13.612

€ 0301 0.298 (0.237, 0.321] -0.997

95% confidence interval is shown with 2.5th and 97.5th percentiles; E,,,,« represents the theoretical maximal effect; ETs, represents the treatment duration to reach half of E,y,,; T represents
the rate of drug rebound; wg.x represents the inter-study variability of Ep.y; wgrso represents the inter-study variability of ETso; € represents the residual error; and Bias = (Median-
Estimate)/Estimate x 100%.

Time (weeks)
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~ ——a
[0 —
E b
= ——c
% —ed
O —H—e
E ===25%CI
Lg = = =Median
===97.5% CI
0]
2
<
<=
@]

FIGURE 4

Prediction-corrected visual predictive check plots. Median, 2.5% CI, and 97.5% Cl were simulated using the Monte Carlo method (n = 1,000); Cl,
confidence interval. (a-e) Five dapagliflozin dosage groups from three randomized controlled trials (Kuhadiya et al., 2016; Dandona et al,, 2018;
Mathieu et al., 2020).

the AE,., was less than the theoretical E,, (-8.08%). This body of research studies now suggests that the benefits of
phenomenon was mainly due to the dapagliflozin dapagliflozin go beyond that. It was reported that
pharmacodynamic rebound existing on HbAlc. After it dapagliflozin had potential therapeutic efficacy for non-
reached the AE,, the actual efficacies of dapagliflozin on alcoholic fatty liver disease, including significantly decreasing
HbAlc when continued for 0.5 and 1 year were -4.70% (75% hepatic enzymes and metabolic indicators and improving body
AE ax) and -3.27% (52% AE,.y), respectively. compositions (He et al, 2022). In addition, dapagliflozin

represented a new pharmacologic option for reducing chronic
kidney disease progression in patients with and without diabetes
5 Discussion (Kelly, 2022). In addition these, dapagliflozin administration in
T2DM patients resulted in both acute and chronic reduction in

Dapagliflozin is the first approved sodium-glucose systolic blood pressure, a reduction in vasoconstrictors, and an
cotransporter-2 inhibitor for the treatment of T2DM, which increase in vasodilators (Ghanim et al., 2021). These changes may
can be regarded as an important choice in diabetes drug potentially contribute to its antihypertensive effects and its
therapy and can be used as an adjunct to diet and exercise to benefits in congestive cardiac failure (Ghanim et al, 2021;

improve blood glucose control in adults with T2DM. A growing Hodrea et al., 2022).

Frontiers in Pharmacology 06 frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.972878

10.3389/fphar.2022.972878

Wang et al.
Time (weeks)
& 0 10 20 30 40 50 60 70 80
=
o]
£ -1 -
2 2
<
S 45
=
é -4 - (61 weeks, -3.27%)
9] 5
" 0,
%0 6 (35 weeks, -4.70%)
6 7 1 (9 weeks, -6.24%)
FIGURE 5

Model prediction. (A) Actual maximal efficacy (AEnax) of dapagliflozin on HbAlc; (B) after it reached the AEnay, the dapagliflozin therapeutic
effect on HbAlc continuing the treatment for 0.5 years (26 weeks), at week 35; and (C) after it reached the AE, .y, the dapagliflozin therapeutic effect

on HbAlc continuing the treatment for 1 year (52 weeks) at week 61.

Moreover, Melin et al. (2022) found that dapagliflozin
pharmacokinetics was similar in adults with TIDM and
T2DM. In addition, it was interesting to note that more and
more research results suggested that dapagliflozin was a
promising adjunct treatment to insulin which improves
glycemic control in patients with inadequately controlled
T1DM (Dandona et al., 2017; Mathieu et al., 2018; Parkinson
et al., 2019; Araki et al., 2020; Araki et al., 2021; Biester et al.,
2021). Wang et al. (2022) explored the quantitative relationship
between dapagliflozin and loss of weight in T1DM patients and
found that to achieve the plateau period in the loss of weight,
5 mg/day dapagliflozin was required for at least 41.6 weeks. Li
et al. (2022) found that dapagliflozin treatment significantly
decreased HbAlc, insulin dosage, and body weight without
increasing the risk of hypoglycemia in TIDM. However, the
actual drug efficacy of dapagliflozin on HbAlc and whether there
is a rebound from dapagliflozin efficacy on HbAlc remained
unknown and thus cannot effectively guide an appropriate use of
clinical medication. The present study aimed to explore the
actual therapeutic effect and rebound situation of dapagliflozin
on HbAlc in T1DM patients.

In the present study, a total of 1,594 TIDM patients were
enrolled for analysis from three randomized controlled trials
from published literature works including two 5 mg/day
dapagliflozin dosage groups and three 10 mg/day dapagliflozin
dosage groups (Kuhadiya et al., 2016; Dandona et al., 2018;
Mathieu et al., 2020). Parkinson et al. (2019) reported that
baseline HbAlc was found to have an impact on HbAlc
reductions when treated with dapagliflozin; that is, patients
with higher HbAlc baseline were predicted to have greater
HbAlc reductions than those with lower baseline levels. In
order to eliminate the potential baseline effect, the change rate
of HbAlc from the baseline value was chosen as the dapagliflozin
pharmacodynamic evaluation index in the present study. In
addition, to obtain the actual dapagliflozin effect on HbAlc in
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T1DM patients, the control effect was subtracted from the sum
effect.

In the final model, no covariate (in particular dosage) was
the
relationship  between 5

incorporated into model,
dose-response 10 mg/day
dapagliflozin affecting HbAlc, according to the current
research studies. The theoretical E.,, and ETs, from
dapagliflozin effects on HbAlc were -8.08% and 1.23 weeks,

and the rate of drug rebound, T, was -0.0145 weeks™'. In

showing no significant

and

addition, the overall evaluation of the model of dapagliflozin
on HbAlc in T1IDM patients was good. As for the current doses,
5 and 10 mg/day dapagliflozin had no significant dose-response
relationship on HbAlc, which was similar to previous research
studies that showed no significant dose-response relationship
between 5 and 10 mg/day dapagliflozin affecting the loss of
weight in TIDM patients (Wang et al., 2022). Subsequently,
the present study simulated the actual efficacy curve of
dapagliflozin on HbAlc from the final model, and the AE,,.«
of dapagliflozin on HbAlc was -6.24% at week 9. Meanwhile, it
was found that the AE, ., was less than the theoretical E, .
(-8.08%), to the
pharmacodynamic rebound existing on HbAlc. After it

which was mainly due dapagliflozin
reached the AE,,,, the actual efficacies of dapagliflozin on
HbAlc when the treatment was continued for 0.5 and 1 year
were -4.70% (75% AEax) and -3.27% (52% AE, ), respectively.
In other words, the AE,,x of dapagliflozin on HbAlc appeared at
week 9 of continuous treatment with dapagliflozin, and at
week 35 and week 61, the drug effects were approximately
equal to three-quarters AE,, and half AE ., respectively. In
particular, this kind of pharmacodynamic rebound is not
uncommon. Dong et al. (2017) reported five long-term weight
loss drugs that also had a rebound phenomenon. However, the
underlying mechanism of the existence of a rebound from
dapagliflozin efficacy on HbAlc remains unknown, and
explorations are needed in future research.
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Of course, this study also has some limitations. For example,
at present, there are few finished clinical studies on dapagliflozin
therapeutic effect on patients with T1IDM, and the number of
studies currently included is limited and needs to be expanded in
the future.

6 Conclusion

This was the first time to clarify the actual therapeutic effect
and rebound situation of dapagliflozin on HbAlc in T1IDM
patients, providing a reference value for clinical practices.

Data availability statement

The original contributions presented in the study are
the further
inquiries can be directed to the corresponding authors.

included in article/Supplementary Material;

Author contributions

DD-W, S-MH, PZ, and XC conceived and designed the
study. DD-W, CZ, and KH collected the data. DD-W built
the model and wrote the manuscript. All authors read and
approved the manuscript.

References

American Diabetes Association (2019). Standards of medical care in diabetes-
2019 abridged for primary care providers. Clin. Diabetes 37 (1), 11-34. doi:10.2337/
cd18-0105

Araki, E., Mathieu, C., Shiraiwa, T., Maeda, H., Ikeda, H., Thoren, F., et al.
(2021). 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 Obes. Metab. 23 (7), 1496-1504. doi:10.1111/
dom.14362

Araki, E., Watada, H., Uchigata, Y., Tomonaga, O., Fujii, H., Ohashi, H., et al.
(2020). Efficacy and safety of dapagliflozin in japanese patients with inadequately
controlled type 1 diabetes (DEPICT-5): 52-week results from a randomized, open-
label, phase III clinical trial. Diabetes Obes. Metab. 22 (4), 540-548. doi:10.1111/
dom.13922

Biester, T., Muller, I., von dem Berge, T., Atlas, E., Nimri, R., Phillip, M., et al.
(2021). Add-on therapy with dapagliflozin under full closed loop control
improves time in range in adolescents and young adults with type
1 diabetes: the DAPADream study. Diabetes Obes. Metab. 23 (2), 599-608.
doi:10.1111/dom.14258

Chen, X., Wang, D., Lan, J., Wang, G., Zhu, L., Xu, X,, et al. (2021). Effects of
voriconazole on population pharmacokinetics and optimization of the initial dose
of tacrolimus in children with chronic granulomatous disease undergoing
hematopoietic stem cell transplantation. Ann. Transl. Med. 9 (18), 1477. doi:10.
21037/atm-21-4124

Chen, X., Wang, D., Zheng, F., Zhu, L., Huang, Y., Zhu, Y., et al. (2022). Effects of
posaconazole on tacrolimus population pharmacokinetics and initial dose in
children with Crohn’s disease undergoing hematopoietic ~stem  cell
transplantation. Front. Pharmacol. 13, 758524. doi:10.3389/fphar.2022.758524

Curovic, R. V., Eickhoff, M. K., Ronkko, T., Frimodt-Moller, M., Hansen, T. W.,
Mischak, H., et al. (2022). Dapagliflozin improves the urinary proteomic kidney-
risk classifier CKD273 in type 2 diabetes with albuminuria - a randomized clinical
trial. Diabetes Care 45, 2662-2668. d0i:10.2337/dc22-1157

Frontiers in Pharmacology

08

10.3389/fphar.2022.972878

Funding

This work was supported by the National Natural Science
Foundation of China (No. 82104296), the Xuzhou Special
Fund for Promoting Scientific and Technological Innovation
(No. KC21257), the Initializing Fund of Xuzhou Medical
University (No. RC20552111), and the Fusion Innovation
Project  of  Xuzhou  Medical (No.
XYRHCX2021011).

University

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the
editors, and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the
publisher.

Dandona, P., Mathieu, C., Phillip, M., Hansen, L., Griffen, S. C., Tschope, D., et al.
(2017). Efficacy and safety of dapagliflozin in patients with inadequately controlled
type 1 diabetes (DEPICT-1): 24 week results from a multicentre, double-blind,
phase 3, randomised controlled trial. Lancet Diabetes Endocrinol. 5 (11), 864-876.
doi:10.1016/S2213-8587(17)30308-X

Dandona, P., Mathieu, C., Phillip, M., Hansen, L., Tschope, D., Thoren, F., et al.
(2018). Efficacy and safety of dapagliflozin in patients with inadequately controlled
type 1 diabetes: The DEPICT-1 52-Week study. Diabetes Care 41 (12), 2552-2559.
doi:10.2337/dc18-1087

Dikeman, D. T., and Westman, E. C. (2021). Carbohydrate-restricted diets and
type 1 diabetes mellitus: research considerations. Curr. Opin. Endocrinol. Diabetes
Obes. 28 (5), 437-440. doi:10.1097/MED.0000000000000669

Dong, Z., Xu, L., Liu, H,, Lv, Y., Zheng, Q., and Li, L. (2017). Comparative efficacy
of five long-term weight loss drugs: quantitative information for medication
guidelines. Obes. Rev. 18 (12), 1377-1385. doi:10.1111/0br.12606

Esposito, S., Toni, G., Tascini, G., Santi, E., Berioli, M. G., and Principi, N. (2019).
Environmental factors associated with type 1 diabetes. Front. Endocrinol.
(Lausanne) 10, 592. doi:10.3389/fend0.2019.00592

Georgianos, P. I, Vaios, V., Roumeliotis, S., Leivaditis, K., Eleftheriadis, T., and
Liakopoulos, V. (2022). Evidence for cardiorenal protection with SGLT-2 inhibitors
and GLP-1 receptor agonists in patients with diabetic kidney disease. J. Pers. Med.
12 (2), 223. doi:10.3390/jpm12020223

Ghanim, H., Batra, M., Green, K., Hejna, J., Abuaysheh, S., Makdissi, A., et al.
(2021). Dapagliflozin reduces systolic blood pressure and modulates vasoactive
factors. Diabetes Obes. Metab. 23 (7), 1614-1623. doi:10.1111/dom.14377

He, K, Li, ], Xi, W,, Ge, J.,, Sun, J., and Jing, Z. (2022). Dapagliflozin for
nonalcoholic fatty liver disease: a systematic review and meta-analysis. Diabetes Res.
Clin. Pract. 185, 109791. doi:10.1016/j.diabres.2022.109791

Hodrea, J., Saeed, A., Molnar, A., Fintha, A., Barczi, A., Wagner, L.J., etal. (2022).
SGLT?2 inhibitor dapagliflozin prevents atherosclerotic and cardiac complications

frontiersin.org


https://doi.org/10.2337/cd18-0105
https://doi.org/10.2337/cd18-0105
https://doi.org/10.1111/dom.14362
https://doi.org/10.1111/dom.14362
https://doi.org/10.1111/dom.13922
https://doi.org/10.1111/dom.13922
https://doi.org/10.1111/dom.14258
https://doi.org/10.21037/atm-21-4124
https://doi.org/10.21037/atm-21-4124
https://doi.org/10.3389/fphar.2022.758524
https://doi.org/10.2337/dc22-1157
https://doi.org/10.1016/S2213-8587(17)30308-X
https://doi.org/10.2337/dc18-1087
https://doi.org/10.1097/MED.0000000000000669
https://doi.org/10.1111/obr.12606
https://doi.org/10.3389/fendo.2019.00592
https://doi.org/10.3390/jpm12020223
https://doi.org/10.1111/dom.14377
https://doi.org/10.1016/j.diabres.2022.109791
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.972878

Wang et al.

in experimental type 1 diabetes. PLoS One 17 (2), €0263285. doi:10.1371/journal.
pone.0263285

Kelly, M. S. (2022). An update on dapagliflozin for chronic kidney disease. Drugs
Today (Barc) 58 (2), 69-75. doi:10.1358/dot.2022.58.2.3369188

Kuhadiya, N. D., Ghanim, H., Mehta, A., Garg, M., Khan, S., Hejna, J., et al.
(2016). Dapagliflozin as additional treatment to Liraglutide and insulin in patients
with type 1 diabetes. J. Clin. Endocrinol. Metab. 101 (9), 3506-3515. doi:10.1210/jc.
2016-1451

Lazzaroni, E., Lunati, M. E., Montefusco, L., Pastore, 1., Chebat, E., Cimino, V.,
et al. (2022). Dapagliflozin acutely improves kidney function in type 2 diabetes
mellitus. The PRECARE study. Pharmacol. Res. 183, 106374. doi:10.1016/j.phrs.
2022.106374

Li, T., Liu, X,, Ni, L., Wang, Z., Wang, W., Shi, T, et al. (2016). Perivascular
adipose tissue alleviates inflammatory factors and stenosis in diabetic blood vessels.
Biochem. Biophys. Res. Commun. 480 (2), 147-152. doi:10.1016/j.bbrc.2016.09.106

Li, Y., Li, H,, Dong, L, Lin, D., Xu, L,, Lou, P,, et al. (2022). A Network meta-
analysis of the dose-response effects of dapagliflozin on efficacy and safety in adults
with type 1 diabetes. Front. Endocrinol. (Lausanne) 13, 923376. doi:10.3389/fendo.
2022.923376

Margaritis, K., Margioula-Siarkou, G., Giza, S., Kotanidou, E. P., Tsinopoulou, V.
R., Christoforidis, A., et al. (2021). Micro-RNA implications in type-1 diabetes
mellitus: A review of literature. Int. J. Mol. Sci. 22 (22), 12165. doi:10.3390/
1jms222212165

Mathieu, C., Dandona, P., Gillard, P., Senior, P., Hasslacher, C., Araki, E., et al.
(2018). Efficacy and safety of dapagliflozin in patients with inadequately controlled
type 1 diabetes (the DEPICT-2 study): 24-week results from a randomized
controlled trial. Diabetes Care 41 (9), 1938-1946. doi:10.2337/dc18-0623

Mathieu, C., Rudofsky, G., Phillip, M., Araki, E., Lind, M., Arya, N, et al. (2020).
Long-term efficacy and safety of dapagliflozin in patients with inadequately
controlled type 1 diabetes (the DEPICT-2 study): 52-week results from a
randomized controlled trial. Diabetes Obes. Metab. 22 (9), 1516-1526. doi:10.
1111/dom.14060

Melin, J., Tang, W., Rekic, D., Hamren, B., Penland, R. C., Boulton, D. W., et al.
(2022). Dapagliflozin pharmacokinetics is similar in adults with type 1 and type
2 diabetes mellitus. J. Clin. Pharmacol. 62, 1227-1235. doi:10.1002/jcph.2062

Mendez-Morales, S. T., Perez-De Marcos, J. C., Rodriguez-Cortes, O., Flores-
Mejia, R., Martinez-Venegas, M., Sanchez-Vera, Y., et al. (2022). Diabetic
neuropathy: molecular approach a treatment opportunity. Vasc. Pharmacol. 143,
106954. doi:10.1016/j.vph.2022.106954

Frontiers in Pharmacology

09

10.3389/fphar.2022.972878

Miller, K. M., Foster, N. C., Beck, R. W., Bergenstal, R. M., DuBose, S. N,,
DiMeglio, L. A., et al. (2015). Current state of type 1 diabetes treatment in the U.S.:
updated data from the T1D Exchange clinic registry. Diabetes Care 38 (6), 971-978.
doi:10.2337/dc15-0078

Paik, J., and Blair, H. A. (2019). Dapagliflozin: a review in type 1 diabetes. Drugs
79 (17), 1877-1884. doi:10.1007/s40265-019-01213-x

Parkinson, J., Tang, W., Astrand, M., Melin, J., Ekholm, E., Hamren, B., et al.
(2019). Model-based characterization of the relationship between dapagliflozin
systemic exposure and HbAlc response in patients with type 1 diabetes mellitus.
Diabetes Obes. Metab. 21 (6), 1381-1387. doi:10.1111/dom.13664

Purdel, C., Ungurianu, A., and Margina, D. (2021). Metabolic and metabolomic
insights regarding the omega-3 PUFAs intake in type 1 diabetes mellitus. Front.
Mol. Biosci. 8, 783065. doi:10.3389/fmolb.2021.783065

Qiu, Y., Buffonge, S., Ramnath, R, Jenner, S., Fawaz, S., Arkill, K. P,, et al. (2022).
Endothelial glycocalyx is damaged in diabetic cardiomyopathy: angiopoietin
1 restores glycocalyx and improves diastolic function in mice. Diabetologia 65,
879-894. doi:10.1007/s00125-022-05650-4

Rydberg, M., Zimmerman, M., Gottsater, A., Eeg-Olofsson, K., and Dahlin, L. B.
(2022). High HbA1c levels are associated with development of trigger finger in type
1 and type 2 diabetes: an observational register-based study from sweden. Diabetes
Care 45, 2669-2674. doi:10.2337/dc22-0829

Shaw, J. E., Sicree, R. A., and Zimmet, P. Z. (2010). Global estimates of the
prevalence of diabetes for 2010 and 2030. Diabetes Res. Clin. Pract. 87 (1), 4-14.
doi:10.1016/j.diabres.2009.10.007

Wallberg, M., and Cooke, A. (2013). Immune mechanisms in type 1 diabetes.
Trends Immunol. 34 (12), 583-591. doi:10.1016/}.it.2013.08.005

Wang, D. D, He, S. M., Han, Y., Wang, T. Y., and Wang, Y. M. (2022). Quantifying the
relationship between dapagliflozin and loss of weight in type 1 diabetes mellitus patients.
J. Clin. Pharm. Ther. 47 (2), 237-242. doi:10.1111/jcpt.13572

Wang, D. D., Mao, Y. Z,, He, S. M., and Chen, X. (2021). Analysis of time course
and dose effect from Metformin on body Mass index in children and adolescents.
Front. Pharmacol. 12, 611480. doi:10.3389/fphar.2021.611480

Wikstrom, K., Lamidi, M. L., Rautiainen, P., Tirkkonen, H., and Laatikainen, T.
(2022). Type 2 diabetes medication and HbAlc levels in North Karelia Finland,
2013-2019. Diabet. Med. 39 (9), e14866. doi:10.1111/dme.14866

Yao, H, Wu, S,, Zhan, Z,, and Li, Z. (2022). A Classification tree model with optical
coherence tomography angiography variables to Screen Early-Stage diabetic Retinopathy
in diabetic patients. J. Ophthalmol. 2022, 9681034. doi:10.1155/2022/9681034

frontiersin.org


https://doi.org/10.1371/journal.pone.0263285
https://doi.org/10.1371/journal.pone.0263285
https://doi.org/10.1358/dot.2022.58.2.3369188
https://doi.org/10.1210/jc.2016-1451
https://doi.org/10.1210/jc.2016-1451
https://doi.org/10.1016/j.phrs.2022.106374
https://doi.org/10.1016/j.phrs.2022.106374
https://doi.org/10.1016/j.bbrc.2016.09.106
https://doi.org/10.3389/fendo.2022.923376
https://doi.org/10.3389/fendo.2022.923376
https://doi.org/10.3390/ijms222212165
https://doi.org/10.3390/ijms222212165
https://doi.org/10.2337/dc18-0623
https://doi.org/10.1111/dom.14060
https://doi.org/10.1111/dom.14060
https://doi.org/10.1002/jcph.2062
https://doi.org/10.1016/j.vph.2022.106954
https://doi.org/10.2337/dc15-0078
https://doi.org/10.1007/s40265-019-01213-x
https://doi.org/10.1111/dom.13664
https://doi.org/10.3389/fmolb.2021.783065
https://doi.org/10.1007/s00125-022-05650-4
https://doi.org/10.2337/dc22-0829
https://doi.org/10.1016/j.diabres.2009.10.007
https://doi.org/10.1016/j.it.2013.08.005
https://doi.org/10.1111/jcpt.13572
https://doi.org/10.3389/fphar.2021.611480
https://doi.org/10.1111/dme.14866
https://doi.org/10.1155/2022/9681034
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.972878

	Therapeutic effect and rebound evaluation of dapagliflozin on glycated hemoglobin (HbA1c) in type 1 diabetes mellitus patients
	1 Highlight
	2 Introduction
	3 Methods
	3.1 Included patients
	3.2 Model establishment
	3.3 Model evaluation
	3.4 Model prediction

	4 Results
	4.1 Included studies
	4.2 Modeling
	4.3 Evaluation
	4.4 Prediction

	5 Discussion
	6 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


