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Abstract

Background

Dulaglutide is associated with improved cardiovascular and kidney outcomes and can be a
good therapeutic option for patients with type 2 diabetes with chronic kidney disease (CKD).
In this study, the effects of dulaglutide on glucose-lowering efficacy and changes in renal
function were analyzed.

Methods

This retrospective study involved 197 patients with type 2 diabetes with mild-to-severe CKD
treated with dulaglutide for at least 3 months between January 2017 and December 2020 at
two tertiary hospitals in Korea. Changes in the creatinine-based estimated glomerular filtra-
tion rate (eGFR) and HbA1c were compared before and after the use of dulaglutide in each

patient.

Results

The number of patients and mean eGFR (mL/min/1.73 m2) in CKD 2, 3a, 3b, and 4 were 94
(75.0+£8.5), 46 (54.8 £ 6.3), 31 (38.8 £ 4.4), and 26 (22.5 £ 5.4), respectively. Mean HbA1c
level and body mass index (BMI) at the initiation of dulaglutide were 8.9% + 1.4% and 29.1 +
3.6 kg/m?, the median duration of the use of dulaglutide was 16 months. The use of dulaglu-
tide was associated with a mean decrease in HbA1c by 0.9% £ 1.5% and the glucose-lower-
ing efficacy was similar across all stages of CKD. Also, it was associated with a reduced
decline in the eGFR; the mean eGFR change after the use of dulaglutide was —0.76 mL/min/
1.73 m? per year, whereas it was —2.41 mL/min/1.73 m? before use (paired t-test, P=
0.003). The difference was more pronounced in patients with an eGFR < 60 mL/min/1.73
m?Z. Subgroup analysis showed that the renal protective effect was better in patients with
proteinuria, age < 65 years, and HbA1c < 9.0%, but showed no association with BMI.
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Conclusions

The use of dulaglutide provided adequate glycemic control irrespective of CKD stage and
was associated with a reduced decline in the eGFR in the CKD population.

Introduction

With the recent advances in diabetes treatment, customized prescriptions of antihyperglyce-
mic medications tailored to an individual’s risk have been available with different targets of
glycated hemoglobin (HbA1c) [1-3]. However, the therapeutic options for patients with type 2
diabetes with chronic kidney disease (CKD) remain limited, especially in those with an esti-
mated glomerular filtration rate (eGFR) <30-45 mL/min/1.73 m? In general, while recent
guidelines advocate the use of sodium-glucose co-transporter 2 (SGLT2) inhibitors with met-
formin as first-line therapy, neither is recommended for initiation in advanced CKD [4-6]. In
addition, in patients with very high HbA1lc or persistent symptoms of hyperglycemia, the use
of an SGLT2 inhibitor might increase symptoms of polyuria. In such cases, the next option for
glycemic control is glucagon-like peptide-1 receptor agonists (GLP-1RAs) [7, 8].

GLP-1 is secreted by the L-cells of the small intestine in response to glucose ingestion [9].
Augmentation of GLP-1 results in improvement of beta-cell health in a glucose-dependent man-
ner (post-prandial hyperglycemia) and suppression of glucagon (fasting hyperglycemia). As
GLP-1 stimulates glucose-dependent insulin secretion, it can achieve significant reductions in
HbA Ic without the risk of hypoglycemia. In addition, GLP-1 analogs favor significant body
weight (BW) loss and improvements in lipids and blood pressure (BP), therefore, they may be
potentially beneficial, especially for obese diabetic CKD (DKD) patients. A high body mass index
(BMI) is one of the most decisive risk factors for both new-onset CKD as well as the progression
of pre-existing CKD in diabetes, and weight loss appears to be effective in reno-protection [10].

GLP-1RAs can be classified into two groups: incretin-mimetics and human GLP-1 ana-
logues. Unlike the incretin-mimetics (exenatide, exenatide once-weekly, or lixisenatide), which
have only 52% structural analogy to endogenous GLP-1 and thereby have great immunogenic
power with potential development of inactivating antibodies, human GLP-1 analogues (liraglu-
tide, dulaglutide, semaglutide, and albiglutide) have low immunogenic power due to a high
structural analogy with endogenous GLP-1. Another fascinating aspect of the use of human
GLP-1 analogues is that they can be initiated in patients with an eGFR as low as 15 mL/min/
1.73 m>. While most incretin-mimetics are ‘short-acting’ drugs, human GLP-1RAs are called
‘long-acting’ since specific molecular characteristics, such as the covalent bond with albumin
(albiglutide), with the Fc portion of human immunoglobulin G4 (dulaglutide), or with specific
fatty acids (liraglutide) give them a long half-life and prevent their elimination by the kidneys.
Therefore, contrary to short-acting GLP-1RAs, human GLP-1 analogues induce a more marked
reduction in HbA1c and fasting blood sugar and decrease the incidence of side effects [11, 12].

Based on the well-designed previous studies, the appropriate use of dulaglutide seems plau-
sible in terms of and renal protection in DKD patients. However, DKD is a very heterogeneous
disease, and the renal progression rate differs greatly depending on the clinical circumstances.
So, a comparison of renal decline rate in each person before and after the use of dulaglutide
may be needed to confirm the beneficial role of dulaglutide in renal function. Herein, with a
retrospective review of medical records, we evaluated the efficacy of once-weekly dulaglutide
in patients with mild-to-severe DKD and compared the changes in renal function before and
after its use.
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Materials and methods
Study design and participants

This retrospective study was performed in two tertiary hospitals in Korea. Patients with type 2
diabetes and mild-to-severe CKD who were treated with subcutaneous once-weekly dulaglutide
for at least 3 months between January 2017 and December 2020 were included. All medical
chart reviews were conducted after obtaining approval from the Hallym University Institutional
Review Board (IRB No. 2022-04-004). All data were fully anonymized before we accessed them
and the IRB waived the requirement for informed consent. Patients with stage 1 CKD were not
included in this study because their renal function does not change rapidly. A total of 351
patients who were newly treated with dulaglutide were identified. Among these, 127 with stage
1 CKD and eight patients on dialysis were excluded. Nineteen patients who did not have previ-
ous blood data were also excluded. Finally, 197 patients were analyzed. All patients were treated
with a standard dose of dulaglutide (0.75 or 1.5 mg) weekly. Concomitant use of other anti-
hyperglycemic agents such as insulin, sulfonylurea, and metformin were also reviewed.

Data collection

Baseline demographic, biochemical, and clinical data were obtained through chart reviews. To
compare the changes in the eGFR before and after using dulaglutide directly in each patient,
baseline serum creatinine (sCr) at the start of dulaglutide, as well as the previous sCr before
using dulaglutide over a similar period, and sCr on the last date of the dulaglutide prescription
were collected. The eGFR was calculated using sCr and the Chronic Kidney Disease Epidemi-
ology Collaboration (CKD-EPI) equation. Proteinuria was assessed by using the urine albu-
min-to-creatinine ratio (UACR) or urine protein-to-creatinine ratio (UPCR) with spot urine
samples. Microalbuminuria was defined as a UACR 30-300 mg/g. Patients with a UACR
>300mg/g or UPCR >0.2 g/g were regarded as having proteinuria. Renal events were defined
as (1) a doubling of serum creatinine, (2) a decrease in eGFR over 30%, or (3) progression to
end-stage renal disease (ESRD) during the use of dulaglutide. Safety was also assessed through
a chart review. Cases in which there was no mention of side effects were regarded as having no
safety issues.

Statistical analysis

Continuous variables were displayed as mean + standard deviation (SD), and categorical vari-
ables as the number and proportion of patients. Demographic and clinical characteristics were
described through absolute and relative frequencies (%), means, and/or SDs where appropri-
ate. Changes in the eGFR from baseline to the last prescription date were calculated for each
patient and compared with the changes in the eGFR before using dulaglutide. A paired t-test
and the chi-squared test were used to compare the changes in the eGFR before and after using
dulaglutide in each patient. Pearson correlation analyses were conducted to determine associa-
tions between changes in the eGFR and clinical parameters. A P-value < 0.05 was considered
statistically significant. All statistical analyses were performed using SPSS 22.0 and GraphPad
PRISM 9.

Results
Baseline characteristics

Of the 197 patients, 94 (47.7%), 46 (23.4%), 31 (15.7%), and 26 (13.2%) were in CKD stage 2,
3a, 3b and 4, respectively, and the mean eGFR was 75.0 £ 8.5, 54.8 + 6.3, 38.8 + 4.4, and
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Table 1. Baseline characteristics.

22.5 + 5.4 mL/min/1.73 m? respectively. As shown in Table 1, the mean duration of diabetes
was 14.5 years, and 72.6% of patients had a duration of over 10 years. The mean HbAIc level
and BMI at the initiation of dulaglutide were 8.9% + 1.4% and 29.1 + 3.6 kg/m’, respectively.
One third of the patients had a BMI > 30 kg/m?, and 19 (9.6%) had a BMI > 35 kg/m?, a severe

obesity. Concomitant antihyperglycemic medications were as follows. Fifty-nine patients

(30.0%) received insulin, 131 (66.5%) received sulfonylurea, and most patients received met-

formin (81.2%). At baseline, urine data were available for 184 patients, among whom, 26.6%

Variables Changes in HbAlc (AHbA1c)
Total (N =197) >0.9% (n=97) < 0.9% (n =100) p

Age (years) 58.5+12.8 58.3+12.8 58.6 £12.8 0.876
Sex, male, n (%) 125 (55.8) 59 (60.8) 48 (48.0) 0.048
Duration of diabetes (years) 145+7.9 13.7 £8.1 154+7.3 0.138

> 10 years, n (%) 143 (72.6) 70 (72.2) 73 (73.0) 0.977
DM retinopathy, n (%) 102 (51.7) 45 (46.3) 57 (57.0) 0.126
HbAlc (%) 89+14 9.3+13 83+13 <0.001

> 9.0% n (%) 87 (44.2) 60 (61.9) 27 (27.0) <0.001
SBP (mmHg) 126.6 + 30.2 126.5 +22.8 124.4 + 29.6 0.220
BMI (kg/mz) 29.1+3.6 27.8+4.0 28.7+5.1 0.264

>30.0n (%) 61 (30.9) 25 (25.8) 36 (36.0) 0.100

> 35.0n (%) 19 (9.6) 5(5.1) 14 (14.0) 0.019
Comorbidities, n (%)

Heart failure 11 (5.6) 7(7.2) 4 (4.0) 0.213

Coronary artery disease 32(16.2) 13 (13.4) 18 (18.0) 0.319

Cerebrovascular disease 13 (6.6) 4(5.1) 9(9.0) 0.174
Lipid profiles

Total cholesterol 157.4 £ 39.6 157.6 £ 37.9 157.1 £40.4 0.923

LDL-cholesterol 83.5+31.0 82.1+314 84.8 +30.7 0.550

HDL-cholesterol 46.6 £ 11.6 459+ 11.3 47.2+12.0 0.421

Triglyceride 194.0 £ 100.2 213.0+107.4 177.5+98.2 0.060
Combined medication

Insulin 59 (30.0) 29 (29.9) 30 (30.0) 0.550

Metformin 160 (81.2) 89 (91.8) 81 (81.0) 0.023

Sulfonylurea 131 (66.5) 63 (64.9) 68 (68.0) 0.381

RAS blocker 140 (71.1) 62 (63.9) 78 (78.0) 0.021

Diuretics 21 (10.7) 8(8.2) 13 (13.0) 0.250
eGFR by creatinine (CKD-EPI) 0.990

Baseline eGFR >60 to <90 94 (47.7) 46 (47.4) 48 (48.0)

Baseline eGFR >45 to <60 46 (23.4) 20 (20.6) 26 (26.0)

Baseline eGFR >30 to <45 31 (15.7) 19 (19.6) 12 (12.0)

Baseline eGFR >15 to <30 26 (13.2) 12 (12.4) 14 (14.0)
UACR (mg/g)* 0.333

none (<30) 77 (41.8) 38 (41.8) 39 (42.9)

microalbuminuria (30-300) 49 (26.6) 21 (26.6) 28 (30.8)

proteinuria (>300) 58 (31.5) 34 (36.6) 24 (26.4)

All data are expressed as mean + SD,
* urine data was available in 184 patients

https://doi.org/10.1371/journal.pone.0273004.t001
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had microalbuminuria and 31.5% had proteinuria (UACR >300 mg/g or UPCR >0.2 g/g).
The mean UACR in patients with microalbuminuria was 54.1 mg/g, and the UACR and
UPCR of patients with proteinuria were 1011.6 mg/g and 1.9 g/g, respectively.

Effects of dulaglutide on glucose control

The median duration of dulaglutide use was 16 (8-34) months, and it led to a mean decrease
in HbAlc by -0.9 + 1.5% (P < 0.001). The pre-, baseline, and post-use HbAlc levels are shown
in Fig 1. The proportion of patients who achieved the HbAlc target of <7.0% and <6.5% was
27.0% and 18.8%, respectively. The glucose-lowering effect was better in males (P = 0.048) and
those with higher baseline HbAlc levels (P < 0.001). However, the HbAlc-lowering effects
were similar across all stages of CKD, and there was no difference in baseline renal function
and the prevalence of proteinuria between patients with an HbA1lc decrease > -0.9% and < -
0.9% with dulaglutide (Table 1). Interestingly, the HbAlc-lowering effect was reduced in
patients with severe obesity (BMI > 35 kg/m?), although the baseline BMI was similar between
the two groups (Table 1); in these patients with severe obesity, the HbAlc decreased by only -
0.48%. Correlation analysis showed that changes in HbAlc were closely related to sex
(r=0.141, P = 0.049), baseline HbAlc (r = -0.517, P < 0.001), diastolic BP (r = -0.180,

P =0.030), and baseline triglyceride level (r = -0.170. P = 0.020).

Effects of dulaglutide on changes in renal function and proteinuria
development

The change in eGFR before using dulaglutide was calculated with the blood test results from an
average of 20 months before the baseline test. The change in eGFR after using dulaglutide was

B 15=
N E <0.001
d e ' l
10 T
. g o
o e
< =
ke f L
a =R
: | (e
T T T 0 | | | |
Before Baseline After Before Baseline After

Fig 1. Glucose-lowering efficacy. (A) HbAIc levels at pre-, baseline, and post-dulaglutide use. (B) Once-weekly dulaglutide use significantly reduced HbAlc level.

https://doi.org/10.1371/journal.pone.0273004.g001
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calculated based on a blood test at approximately 15 months after the baseline test. Surpris-
ingly, we found that the mean eGFR change before the use of dulaglutide was —2.41 mL/min/
1.73 m” per year, but after the use of dulaglutide, the change decreased to -0.76 mL/min/1.73
m” per year. The difference was statistically significant (paired t-test, P = 0.003) (Fig 2A and
2B). In addition, the reduced decline in eGFR was more clearly observed in patients with mod-
erate-to-severe CKD (Fig 2C): in patients with an eGFR < 60 mL/min/1.73 m?, the change in
the eGFR before and after the use of dulaglutide was -3.7 vs. 1.1 mL/min/1.73 m? per year
(paired t-test, P < 0.001). However, in patients with an eGFR > 60 mL/min/1.73 m?, there was
no significant difference with the use of dulaglutide (-0.9 vs. -0.3 mL/min/1.73 m per year,

P = ns). In patients with CKD with an eGFR < 30 mL/min/1.73 m?, the difference was margin-
ally significant, probably because of the small number of patients (Fig 2D).

Also, the changes of eGFR before and after the use of dulaglutide were dependent on base-
line proteinuria (Fig 3A). A significantly less decline in eGFR was observed in participants
with baseline proteinuria compared with those without. The pre-and post- changes in the
eGFR were —4.1 vs. -1.6 mL/min/1.73 m” per year in the proteinuria group (P = 0.008) and —
1.8 vs —0.4 mL/min/1.73 m” per year in the non-proteinuric group (P = 0.047). Additionally,
we found that the effect of dulaglutide use on eGFR changes was better in relatively young
patients (age < 65 years) and in those with HbAlc < 9.0%, suggesting that patients with very
high HbA1c levels may have less renal benefit regardless of the dulaglutide glucose-lowering
effect (Fig 3B and 3C). Also, it was noteworthy that the significant reduction in eGFR changes
with dulaglutide use were consistently observed regardless of baseline BMI (Fig 3D).

For evaluation of the incidence of proteinuria development, we reviewed the urinalysis of
20 months before-, baseline, and 15 months after-dulaglutide use. A total of 145 cases and 184
cases were available pre- and post-dulaglutide use. As shown in Fig 4, the use of dulaglutide
significantly reduced the development of proteinuria: before the use of dulaglutide, the pro-
gression of microalbuminuria to proteinuria occurred in 35.7% of the cases, but after the use
of the dulaglutide, the incidence of proteinuria development from microalbuminuria occurred
only in 7.0%. Whereas we did not find any difference in the incidence of new-onset microalbu-
minuria with the use of dulaglutide use.

During the use of dulaglutide, 11 patients (5.5%) experienced renal events. The mean base-
line eGFR and the change in the eGFR of these patients were 35.0 + 18.7 mL/min/1.73 m* and
-9.2 mL/min/1.73 m” per year, respectively. It was significantly faster than the rate of patients

A B D
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Fig 2. eGFR values and mean eGFR change after the use of dulaglutide. (A, B) The use of dulaglutide was associated with a significantly less decline of eGFR (paired t-
test, P = 0.003). (C, D) The reduced decline in eGFR was more clearly observed in patients with moderate-to-severe CKD.

https://doi.org/10.1371/journal.pone.0273004.9002
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Fig 3. Clinical factors affecting renal response to dulaglutide. (A) A significantly less decline in eGFR was observed in participants with baseline proteinuria compared
with those without. (B, C) The effect of dulaglutide use on eGFR changes was better in relatively young patients (age < 65 years) and in those with HbAlc < 9.0%. (D)
However, changes in the eGFR were not associated with the baseline BMI.

https://doi.org/10.1371/journal.pone.0273004.9003

without renal events. Most patients (n = 9) had proteinuria at baseline (P < 0.001), and signifi-
cantly higher HbAlc (10.0 vs. 8.7%, P = 0.002) compared with those without renal events. Oth-
erwise, age, BMI, BP, the duration of dulaglutide use, and the duration of diabetes were all
comparable between the two groups.

Adverse effects

Of the 197 patients, side effects were reported in 63 (31.9%), but discontinuation due to side
effects was only seen in 10 cases (5.1%). Most of the side effects were gastrointestinal: diarrhea
in 20 (10.1%), nausea in 34 (17.2%), and dyspepsia in 15 (8.7%). Injection site pain or allergic
reaction was reported in only two cases. CKD stage showed no association with side effects.
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Fig 4. The incidence rate of progression from microalbuminuria to proteinuria with dulaglutide use. The rate of proteinuria development from microalbuminuria was
significantly reduced after the use of dulaglutide. Urinalysis data were available in 145 and 184 cases before and after the use of dulaglutide, respectively.

https://doi.org/10.1371/journal.pone.0273004.g004

Discussion

In this study, we evaluated the glucose-lowering efficacy and renal effect of once-weekly dula-
glutide therapy in patients with type 2 diabetes with mild-to-severe CKD in a real-world set-
ting. Real-world experience shows that dulaglutide treatment for a median duration of 16
months decreases the mean HbA1c by 0.9%; the glucose-lowering effects were similar, irre-
spective of CKD stage. Also, we determined the effect of dulaglutide use on changes in renal
function by comparing eGFR changes before and after the use of dulaglutide. Overall, the use
of dulaglutide was associated with a significantly smaller decline in eGFR, and this was more
clearly observed in patients with an eGFR < 60 mL/min/1.73 m” and in those with proteinuria.
In addition, the renal response was weaker in older patients with critically high HbAlc

(> 9.0%), but BMI was not associated with the renal effect of dulaglutide.

CKD is one of the major complications for patients with diabetes. Previous studies have
reported that 28%-43% of patients with type 2 diabetes have CKD, and the incidence keeps
increasing despite advances in nephroprotective treatment [13]. In recent years, it has become
apparent that diabetes-associated CKD is more heterogeneous than previously thought, so the
term DKD is more commonly used to define CKD with diabetes than the traditional terminol-
ogy of diabetic nephropathy which indicates histologically confirmed lesions [14]. In this
regard, it is vital to optimize risk stratification and individualize therapeutic strategies based
on each patient’s clinical characteristics.
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In moderate-to-severe CKD, GLP-1RAs can be a good therapeutic option [12, 15, 16]. A
recently published systemic review and meta-analysis have shown that GLP-1RAs have benefi-
cial effects on cardiovascular (CV) and renal outcomes beyond their blood glucose-lowering
effects in patients with type 2 diabetes by reducing major adverse CV and renal events by 12%
and 17%, respectively [17-21]. In particular, the mechanism of nephroprotective effects of
GLP-1RAs is considered not only by the improvement of conventional risk factors for DKD,
but also by direct actions on kidney including modulation of sodium and water homeostasis
through sodium-hydrogen exchanger 3, improved tubule-glomerular feedback, reduced
inflammation, and decreased oxidative stress [22, 23].

In this study, we summarized the experience of once-weekly dulaglutide for a median dura-
tion of 16 months in patients with DKD. First, we found that the HbA1c-lowering efficacy of
dulaglutide was similar across CKD stages: =0.9%, -0.7%, —1.1%, and -0.9% in CKD stage 2,
3a, 3b, and 4, respectively. These findings are consistent with the outcomes of previous trials
with dulaglutide. In the AWARD-2 trial, which compared the efficacy of dulaglutide and insu-
lin glargine in patients with type 2 diabetes taking metformin and glimepiride, the use of dula-
glutide at 1.5 mg/week produced a 1.0% reduction in HbAlc after 52 weeks. In the AWARD-7
trial, which included patients with moderate-to-severe CKD, HbAlc decreased by an average
of 1.1% at 52 weeks [24]. Additionally, we found that the glucose-lowering efficacy was lower
in severely obese patients, suggesting an insufficient response or resistance to dulaglutide ther-
apy in severe obesity.

Next, we determined the effect of dulaglutide treatment on eGFR changes. For renal out-
comes, two representative Randomized Clinical Trials (RCT's) have been conducted: the
AWARD-7 trial and the Researching Cardiovascular Events with a Weekly Incretin in Diabe-
tes (REWIND) trial. In the AWARD-7 trial, which included patients with moderate-to-severe
CKD with a mean eGFR of 38 mL/min/1.73 m? dulaglutide treatment was associated with a
smaller decline in eGFR compared with insulin glargine treatment [24]. Also in the REWIND
trial, which included mostly low-risk patients with a mean eGFR of 75 mL/min/1.73 m?, com-
posite renal outcomes, mainly with the incidence of de novo proteinuria, occurred significantly
less frequently in the dulaglutide group compared to placebo [25]. In addition, recently, the re-
evaluation of the REWIND data with sensitivity analysis revealed that dulaglutide significantly
reduces the worsening eGFR when it is defined as a reduction of >40% or >50%, rather than
>30% in the original analysis, suggesting a determining role of dulaglutide in slowing the pro-
gression of renal damage [26]. Similarly, we also assessed eGFR changes associated with dula-
glutide use in this study, too. As our study was not an RCT, we did not used non-users as
control, but the changes in the eGFR before the use of dulaglutide were used as a control.
Opverall, the eGFR changes significantly decreased after the use of dulaglutide. Subgroup data
showed that the renal effect was more pronounced in patients with an eGFR < 60 mL/min/
1.73 m? or those with proteinuria. This observation is similar to the result of the AWARD-7
study, in which the reduced eGFR decline was most evident in participants with overt protein-
uria. The reason for the greater absolute risk reduction in patients with increased albuminuria
is that such patients have a higher absolute risk of developing a major kidney event. Further-
more, we found that after the dulaglutide use, the incidence of proteinuria. i.e, progression
from microalbuminuria to proteinuria, was significantly reduced compared to the before-use
of dulaglutide.

Lastly, the changes in the eGFR were not different according to baseline BMI. Considering
that the glycemic-lowering effect of dulaglutide was weak in patients with severe obesity, there
may be additional protective mechanisms of GLP-1RAs on renal benefit independent from
glycemic control [27]. As mentioned above, these findings suggest that GLP-1RA may have a
direct renal protective mechanism in addition to indirect effects such as conventional glucose
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and BP control. Supporting our finding, previous reports also showed that there was no associ-
ation between BW loss with GLP-1RA treatment and eGFR changes [28-30].

This study has several limitations. First, we used a retrospective chart review to compare
renal function before and after the use of dulaglutide in patients with type 2 diabetes with
mild-to-severe CKD. So, the effect of dulaglutide use on renal decline rate cannot be evaluated.
And changes in renal function during the study period cannot be fully attributed to the drug.
Second, as the data were not collected as a pre-designed requirement of the study, some urinal-
ysis data were missing, Third, we could not obtain follow-up data on BW. It is well known that
dulaglutide treatment is associated with significant weight loss. Changes in BW could cause a
bias in eGFR changes with changes in muscle mass. However, results from AWARD-7 showed
that cystatin-C-based eGFRs were consistent with creatinine-based eGFRs after dulaglutide
administration. Furthermore, the effects of dulaglutide on renal function in this study were
not different when measured by BMI [27]. Fourth, we cannot compare the does-response
reno-protective effect by dulaglutide. In clinical practice, 0.75mg/week of dulaglutide is usually
used during the first 2 weeks to monitor for side effects, after which the dose is increased to
1.5mg/week. So, in this study, we could not directly compare the efficacy between 0.75mg and
1.5mg. Finally, we obtained data on drug adverse events and causes of discontinuation
retrospectively.

In conclusion, in patients with type 2 diabetes with CKD, dulaglutide use improved glyce-
mic control irrespective of CKD stages. Additional benefits were also observed in reducing
eGFR decline, particularly in patients with moderate CKD with proteinuria.
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