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Abstract
Background: This trial aimed to assess the effects of exenatide, a glucagon-like peptide-1 receptor
agonist (GLP-1RA), on renal outcomes in patients with type 2 diabetes mellitus (T2DM) and diabetic
kidney disease (DKD).

Methods: We performed a randomized, parallel study conducted in 4 general hospitals. T2DM patients
with an estimated glomerular �ltration rate (eGFR) ≥30 mL/min/1.73m2 and macroalbuminuria, de�ned
as 24-hour urinary albumin excretion rate (UAER) >0.3 g/24-h, were randomized 1:1 to receive exenatide
twice daily plus insulin glargine or insulin lispro plus glargine for 24 weeks. The primary outcome was
percentage change in UAER after 24 weeks of intervention comparing to baseline measurement. Rates of
hypoglycemia, adverse events and change in eGFR during the follow up were set as safety outcomes.

Results: Between March 2016 and April 2019, 92 patients were randomized and took at least one dose of
study drug. The mean age of the participants was 56 years. At baseline, the median UAER was 1512.0
mg/24-h, and mean eGFR was 70.4 mL/min/1.73 m2. After 24 weeks, exenatide reduced 29.7% of the
UAER (p = 0.0255). Meanwhile, the body weight declined by 1.3 kg with exenatide (difference between
groups was 2.7 kg, p = 0.0001). Comparing to the control group, lower frequency of hypoglycemia as well
as more gastrointestinal adverse events were in intervention group.

Conclusions: Exenatide plus insulin glargine for 24 weeks resulted in signi�cant reduction of albuminuria
in T2DM patients with DKD.

Trial registration: Clinicaltrials.gov, NCT02690883. Registered 20 February, 2016,
https://clinicaltrials.gov/ct2/show/NCT02690883

Background
Diabetic kidney disease (DKD) is one of the common microvascular complication of diabetes. About 40%
of patients who are diabetic will develop DKD [1]. Since 2011, the percentage of hospitalized patients with
chronic kidney disease related to diabetes mellitus exceeded those related to glomerulonephritis in China
[2]. As the leading cause of end stage renal disease (ESRD), DKD could shorten life span by 16 years for
patients with early kidney damage [3]. An initiation of hypoglycemic agent which can also protect renal
function is of great importance.

Prospective studies showed that proteinuria is an independent predictor of renal insu�ciency in type 2
diabetes [4, 5]. Comparing to those with a baseline urinary albumin-to-creatinine ratio (UACR) ≤ 1.0 g/g
and estimated glomerular �ltration rate (eGFR) > 45 mL/min/1.73 m2, the incidence rate ratio of ESRD or
cardiovascular death events was 12.87 for an initial UACR > 2.0 g/g and eGFR ≤ 30 mL/min/1.73 m2

after a mean follow-up of 2.8 years [6]. As a surrogate end point of DKD progression, regression of
albuminuria can reduce the incidence of ESRD irrespective of therapeutic regimen [7]. Therefore,
albuminuria is a valid substitute for ESRD in a short-term intervention.

https://clinicaltrials.gov/ct2/show/NCT02690883
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Glucagon-like peptide-1 receptor agonists (GLP-1RA) has emerged as a new class of antihyperglycemic
agent that can also lead to weight loss [8]. GLP-1RA control the blood glucose with a low incident of
hypoglycemia by stimulating glucose-dependent insulin secretion [9]. Meta-analysis of several
cardiovascular (CV) outcome trials showed that GLP-1RA might have bene�cial effect on kidney
outcomes [10]. As the chemical structures or pharmacokinetics are vary from each GLP-1RA, whether
exenatide twice daily (a short-acting exendin-4 structure) has a renal proactive function remains
inconclusive. Data form animal experiment suggested that exendin-4 decrease the 24-hour urinary protein
obviously in mice within an 8-week treatment [11]. Furthermore, previous pilot study revealed that
exenatide decrease the 24-hour urinary protein excretion in patients with type 2 diabetes and
microalbuminuria than those on glimepiride treatment after 16 weeks [12]. Systematic review and meta-
analysis indicated that combining GLP-1RA and insulin were as effective as insulin alone on hemoglobin
A1c (HbA1c), attaching a signi�cant weight loss, lower risk of hypoglycemia and less insulin dosage [13].
However, the relative effect of exenatide plus insulin on renal function in patients with macroalbuminuria
remain uncertain.

This study evaluated the effect of exenatide plus insulin glargine on the primary outcome of DKD
progression in type 2 diabetes mellitus (T2DM) by de�ning the percentage change in urinary albumin
excretion rate (UAER). the safety and tolerability of exenatide plus insulin glargine were also assessed
during 24-week follow-up.

2. Methods

2.1 Study design and participants
A randomized, open-label, parallel study was conducted in 4 general hospitals in China, involving T2DM
patients with DKD. All of the 4 sites had received approval from the local ethics committees. Participants 
≥ 18 years of age with an eGFR ≥ 30 mL/min/1.73 m2 and macroalbuminuria (UAER > 0.3 g/24-h) were
randomized 1:1 to receive exenatide twice daily plus insulin glargine or insulin lispro plus glargine and
followed up for 24 weeks (Table S1 shows the full eligibility criteria). This trial was registered at
ClinicalTrials.gov (NCT02690883).

2.2 Interventions
Before randomization, patients had an up to 3-day screening phase and a 2-week run-in phase. At the end
of the screening phase, patients ful�lled with all of the eligibility criteria entered the 2-week run-in phase.
During the 2 weeks of the run-in phase, basal insulin would be titrated individually twice a week based on
the results of the fasting self-monitoring of blood glucose (SMBG). After the run-in period, patients were
randomly assigned to one of two groups for anti-hyperglycemic therapies for a total of 24-week:
exenatide plus insulin glargine (intervention group) and insulin lispro plus glargine (controlled group). The
treatment of exenatide was initiated by 5 µg bid, and up titrated to 10 µg b.i.d. after 4 weeks and then
maintained at 10 µg bid until the completion of the study. Insulin lispro was initially treated according to
the insulin dosage of previous antihyperglycemic therapies, and further titrated up at 4-week intervals
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until to the target fasting plasma glucose (FPG) (Fig. 1). Starting from the run-in period, all the drugs for
reducing blood glucose excepted for exenatide or insulin had been excluded. Whereas, other background
therapy for hypertension, hyperlipidemia or cardiovascular related risk factors were treated based on the
latest guideline during the follow-up [14].

Abbreviations:

T2DM, type 2 diabetes mellitus; HbA1c, hemoglobin A1c; UAER, Urinary albumin excretion rate; eGFR,
estimated glomerular �ltration rate; BMI, body mass index; BP, blood pressure.

2.3 Outcomes
The primary outcome of the study was the percentage change in UAER from baseline at Week 24.
Secondary outcomes included: the percentage change in UACR from baseline at week 24, change from
baseline in UAER, UACR, HbA1c, FPG, weight and blood pressure (BP). Safety outcomes included:
progression of renal function, de�ned by eGFR, rates of hypoglycemia and adverse event (AE). Blood and
urine samples for determination of clinical chemistry, hematology, and urinalysis will be taken at week 12
and week 24 through face-to-face visit at each site. The telephone or web-based follow-up were
scheduled every month in order to gather information about adverse events including hypoglycemic
events.

2.4 Sample size
Statistical tests were performed at a signi�cance level of α = 0.05 (two-sided). Referenced to previous
research results, the percentage change in UAER would be 40% [7, 12] in exenatide group and 20% [15] in
control group respectively. The sample size per group was calculated to provide 80% power and the
standard deviation would be 30% (hypothesis: superiority). We should enroll at least 90 patients in total
(45 per group) to allow a 20% drop out rate.

2.5 Randomization
Based on randomized (1:1), open-label, parallel-group, controlled study design, block randomization
method was applied in this study. In order to prevent selection bias, we developed an allocation
concealment mechanism that the allocation sequence was kept in a researcher who did not participate in
any clinical work. The physician referred the patient who met the eligibility criteria to the research nurse.
After getting the informed consent, research nurse assigned the patient to the researcher who have the
allocation sequence and get the result of randomization.

2.6 Statistical methods
The full analysis set (FAS) included all randomized subjects who took at least 1 investigational product
(IP), and had at least 1 non-missing baseline and 1 post-baseline e�cacy data assessments. The FAS
was the primary set for e�cacy analysis in this study and subjects was analyzed by the group they were
randomized to. The per protocol set (PPS) was a subset of the FAS that included patients who �nished
the �nal visit and excluded subjects who had signi�cant protocol deviations. The safety analysis
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included subjects who took at least 1 dose of IP. Adverse events including hypoglycemia were collected
throughout the treatment period.

The primary endpoint was analyzed utilizing mixed model repeated measures (MMRM) on FAS. The
MMRM analysis contained terms for treatment group, time, baseline measurement and time by treatment
group interaction. For the covariance structure within subject, the unstructured (UN) was used. Within the
framework of MMRM, point estimations ± standard errors were presented at each visit for the mean
change within each treatment group as well as the differences and 2-sided 95% CI of the mean change
between treatment groups. The p < 0.05 was considered as signi�cantly. The analysis of primary endpoint
on PPS was performed as sensitivity analysis. Secondary endpoints were analyzed utilizing the similar
MMRM analysis as described for the primary endpoint. Data were analyzed using SAS 9.4 software.

3. Results
3.1 Recruitment and follow-up

From March 2016 to April 2019, 887 individuals were screened and 92 were randomized (46 in each
group). Eleven patients were excluded from effective analysis due to no any follow-up data after
randomization. Eight patients discontinued IP: premature intervention discontinuation due to AE (N = 6),
withdrawn consent (N = 1) and lost to follow-up (N = 1). These 8 patients were included in the FAS
analysis but not in the PPS analysis. Eighty-one (88.0%) patients (43 in intervention group, 38 in control
group) in total were included for the FAS analysis and 73 (79.3%) patients (37 in intervention group, 36 in
control group) were included in the PPS (Figure 2).

 

Figure 2 Flowchart of participants through the trial

Abbreviations: FAS, full analysis set; PPS, per protocol set.

 

3.2 Patient characteristics

Baseline characteristics of study participants were similar in the two groups (details are shown in Table
1). More than half of the patients were male (N = 64, 69.7%). At baseline, the mean (±SD) age of the
participants was 56.0±8.4 years and the average time from diagnosis of diabetes was 11.2±6.6 years.
The mean body mass index (BMI) was 24.8±3.5 kg/m2 and the mean HbA1c was 9.0±1.4%. The median
[IQR] UACR was 1245.0 [667.1, 2875.2] mg/g, while the median UAER was 1512.0 [782.5, 2818.0] mg/24-
h. The mean eGFR was 70.4±23.4 mL/ min/1.73 m2.

Before run-in period, 35 participants (38.0%) were using metformin, 14 (15.2%) sulphonylurea and 69
(75.0%) insulin. A total of 75 (81.5%) and 70 (76.1%) of those randomized had diagnoses of hypertension
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and hyperlipidemia. The majority (N = 80, 87.0%) were using angiotensin-converting enzyme inhibitors
(ACEI) or angiotensin II receptor blocker (ARB) and large numbers of participants (N = 80, 87.0%) were
prescribed statin. A total of 25 (27.2%) reported a history of cardiovascular disease.

 

Table 1 Baseline characteristics of randomized participants
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Variable† Control

(n = 46)

Intervention

(n = 46)

Total

(n = 92)

Age (years) 56.2 (8.0) 55.9 (8.9) 56.0 (8.4)

Male, n (%) 29 (63.0) 35 (76.1) 64 (69.7)

Duration of diabetes (years) 11.4 (7.0) 10.9 (6.2) 11.2 (6.6)

HbA1c (%) 9.0 (1.3) 9.1 (1.4) 9.0 (1.4)

BMI (kg/m²) 23.5 (3.1) 26.1 (3.4) 24.8 (3.5)

Systolic BP (mmHg) 140.3 (14.6) 139.1 (16.7) 139.7 (15.6)

Diastolic BP (mmHg) 79.1 (7.5) 78.3 (8.3) 78.7 (7.9)

Triglycerides (mmol/L) 1.8 (1.1) 1.8 (0.9) 1.8 (1.0)

Total cholesterol (mmol/L) 5.1 (1.4) 5.1 (1.6) 5.1 (1.5)

HDL (mmol/L) 1.2 (0.3) 1.0 (0.4) 1.1 (0.3)

LDL (mmol/L) 3.2 (1.2) 3.0 (1.3) 3.1 (1.2)

eGFR‡ (mL/min/1.73 m²) 69.2 (24.6) 71.5 (22.5) 70.4 (23.4)

UACR (mg/g) 1380.9 [601.8,
2951.5]

1146.2 [709.4,
2488.2]

1245.0 [667.1,
2875.2]

UAER (mg/24-h) 1438.0 [531.0,
2852.0]

1721.0 [982.0,
2816.0]

1512.0 [782.5,
2818.0]

Current smoker, n (%) 18 (39.1) 23 (50.0) 41 (44.6)

Hypertension, n (%) 36 (78.4) 39 (84.8) 75 (81.5)

Hyperlipidemia, n (%) 35 (76.1) 35 (76.1) 70 (76.1)

Cardiovascular disease, n
(%)

13 (28.3) 12 (26.1) 25 (27.2)

Sulfonylurea, n (%) 8 (17.4) 6 (13.0) 14 (15.2)

Metformin, n (%) 17 (37.0) 18 (39.1) 35 (38.0)

AG inhibitors, n (%) 11 (23.9) 13 (28.3) 24 (26.1)

Insulin, n (%) 33 (71.7) 36 (78.3) 69 (75.0)

Diuretic, n (%) 7 (15.2) 6 (13.0) 13 (14.1)

Calcium-channel blocker, n
(%)

28 (60.9) 28 (60.9) 56 (60.9)

ACEI/ARB 40 (87.0) 40 (87.0) 80 (87.0)
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Beta blocker, n (%) 4 (8.7) 9 (19.6) 13 (14.1)

Any anti-hypertensive, n (%) 41 (89.1) 42 (91.3) 83 (90.2)

Statin, n (%) 39 (84.8) 41 (89.1) 80 (87.0)

Any lipid-lowering drug, n
(%)

40 (87.0) 42 (91.3) 82 (89.1)

Aspirin, n (%) 10 (21.7) 19 (41.3) 29 (31.5)

Any anti-platelets, n (%) 13 (28.3) 24 (52.2) 37 (40.2)

†. Numeric variables are presented as mean (SD) if normally distributed. Categorical variables are
presented as frequency (%). UAER and UACR are presented as median [IQR].

‡. eGFR are calculated with the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.

Abbreviations: HbA1c, hemoglobin A1c; BMI, body mass index; BP, blood pressure; HDL, high density
lipoprotein; LDL, low density lipoprotein; eGFR, estimated glomerular �ltration rate; UACR, urinary albumin-
to-creatinine ratio; UAER, urinary albumin excretion rate; AG, aminoglycosides; ACEI, angiotensin-
converting enzyme inhibitors; ARB, angiotensin II receptor blocker.

 

3.3 Primary outcome

In the FAS analysis, the percentage change in UAER was signi�cantly lower in the intervention group,
leading a difference of -29.71% (95% CI: -55.27% to -4.15%, p = 0.0255) when comparing to the control
group (percentage change in UAER: intervention group was 36.69±16.88%, control group was
66.40±17.42%). It was similar in the PPS analysis (percentage change in UAER: intervention group was
30.07±18.03%, control group was 58.89±18.03%, mean difference was -28.81% with a 95% CI of -55.90%
to -1.72%, p = 0.0407) (Table 2 and Figure 3A).

 

Table 2 Changes after 24 weeks of follow-up

†Absolute mean difference between groups. All values expressed in mean ± standard error.

Abbreviations: FAS, full analysis set; PPS, per protocol set; CI, con�dence interval; UAER, urinary albumin
excretion rate; UACR,urinary albumin-to-creatinine ratio; HbA1c, hemoglobin A1c; FPG, fasting plasma
glucose; BP, blood pressure; eGFR, estimated glomerular �ltration rate.
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Figure 3 Mean changes from baseline in the albuminuria according to the analysis of MMRM on FAS. (A)
Percentage change in UAER (%); (B) Percentage change in ACR (%); (C) Change in UAER (mg/24-h); (D)
Change in ACR (mg/g).

* for p<0.05. I bars indicate standard error.

Abbreviations: MMRM, mixed model repeated measures; FAS, full analysis set; UAER, urinary albumin
excretion rate; ACR, albumin-to-creatinine ratio.

 

3.4 Secondary outcomes

The percentage change in UACR (intervention group was 80.93±21.13%, control group was
52.53±20.80%) was equivalent to the level of the percentage change in UAER, leading to an absolute
mean difference of -28.40% (95% CI: -56.88 to -1.92, p = 0.0395). Although there was no signi�cant
difference between two groups for the change in UAER at 24 weeks, treatment effect on the change in
UACR of exenatide group was greater than the control group (change in UACR: intervention group was
1405.93±276.87 mg/g, control group was 798.12±269.05 mg/g, mean difference was -607.80 mg/g with
a 95% CI: of -1112.38 mg/g to -103.22 mg/g, p = 0.0209) (Table 2 and Figure 3B-D).

Both of the treatments reduced HbA1c, FPG and systolic BP at 24 weeks, but there were no signi�cant
differences between two groups. Among patients receiving exenatide plus insulin glargine, the mean body
weight decreased 1.38±0.63 kg, while the mean body weight increased 1.30±0.66 kg among those
receiving insulin lispro plus glargine, for a reduction of 2.68 kg (p = 0.0001) at week 24 (Table 2).

 

3.5 Tolerability and safety

The eGFR increased by 0.98±3.59 mL/min/1·73 m² in the control group and by 1.05±3.13 mL/min/1·73
m² in the intervention group at the �rst visit (week 4), then decreased by 9.19±2.47 mL/min/1·73 m² in
the control group and by 4.64±2.34 mL/min/1·73 m² in the intervention group during the whole follow-up,
with an absolute difference of 4.55 mL/min/1·73 m² (95% CI: –1.62 to 10.72; p = 0.1523).

Twenty-two adverse events in total had been recorded during the follow-up, while 6 patients (13.04%) in
the control group and 16 (34.78%) in the intervention group (p = 0.015). Adverse events that led to
discontinuation of the treatment occurred in 6 patients (13.04%) in the control group and in 5 (10.87%) in
the intervention group (p = 0.726). Serious adverse events were reported in 4 patients (8.70%) in control
group and in 1 (2.17%) patients in intervention group (p = 0.361). The majority of adverse events were
gastrointestinal events and all of the 15 patients (32.61%) were in the intervention group (p <0.001).
However, none of the gastrointestinal events had been considered as sever adverse events. Twenty
patients (43.5%) in the control group and 10 patients (21.7%) in the intervention group declared to have
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been suffering hypoglycemia during the follow-up (p = 0.026). Furthermore, 2 patients in the control
group occurred severe hypoglycemia and discontinued their participation (Table S2).

4. Discussion
Through this randomized controlled trial, we found that exenatide plus insulin glargine for 24 weeks
could signi�cantly reduce the percentage change in UAER in T2DM patients with macroalbuminuria when
comparing to those on the treatment of insulin lispro plus glargine. The difference was robust in the
sensitivity analysis within PPS population. Besides, we also found that adding exenatide to insulin
glargine leading to weight lost and lower occurrence of hypoglycemia compared with insulin lispro plus
glargine. Although gastrointestinal events were common after initiating the treatment of exenatide, most
of these events were mild to moderate and none were severe.

During a median follow-up of 6.8 years, 9.6% individuals with DKD occurred ESRD [16]. The kidney
bene�ts of GLP-1RA when comparing to placebo have been reported in several exploratory analysis of
cardiovascular outcome studies covering a large number of T2DM patients [17–19]. Second analysis of
LEADER (Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results) study
showed that adding liraglutide, a GLP-1RA, to usual care could reduce the incidence of composite kidney
endpoint [17]. Whereas, there has been a small number of randomized controlled trials reported the effect
of exenatide on renal outcomes [12, 20]. Results from EXSCEL (The Exenatide Study of Cardiovascular
Event Lowering) suggested that once-weekly exenatide had no effect on renal outcomes, as it did not
change the eGFR slope nor the changing ratio from microalbuminuria to macroalbuminuria in a further
analysis [20]. However, the primary outcome of EXCEL was cardiovascular disease, and most of the
participants were in early DKD stage on the baseline. This bias might attenuate the renal effects of
exenatide. Though different GLP-1RA has different structure or mechanism of action, the effects of short-
acting exenatide on diabetic microvascular complication are not clear.

Our head-to-head design with positive control was superior to placebo control randomized controlled trial
as it can identify glucose-independent effects on real outcomes. Similar design was performed in a 16
weeks study comparing the effect of exenatide and glimepiride, resulted in a signi�cant decrease in 24-
hour urinary albumin in T2DM patients with microalbuminuria [12]. Considering the poor prognostic
outcomes and lack of effective drugs in patients with DKD [6], we put our emphasis on those patients
with macroalbuminuria and poor control of blood glucose. Different from glimepiride or other oral
antidiabetic drugs, insulin is commonly used in DKD patients as it doesn’t have to be discontinued while
eGFR decreasing [21]. Moreover, using injection as control group for exenatide could decrease the
medicine difference between usages. To our knowledge, this is the �rst study to investigate the effect of
exenatide plus insulin glargine on UAER in patients with DKD.

Albuminuria is regarded as a surrogate outcome of DKD progression and meta-analysis showed that
regression of albuminuria can reduce the incidence of ESRD irrespective of treatment bias [7]. However,
most of the trials in this meta-analysis, involving T2DM patients with DKD, focused on anti-hypertensive
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drugs [22–26] and none of any GLP-1RA study was included. Various renal risk factors might impact the
effect of exenatide on renal outcomes. A systematic review and meta-analysis of randomized controlled
trials and observational studies that assessed the bene�ts of weight loss. The results showed that short-
term interventions of nonsurgical weight loss in patients with CKD reduced proteinuria and blood
pressure as well [27]. Though the difference between groups of the change in systolic BP was not
signi�cant in our study, we can’t ignore the impact of weight change or BP change on albuminuria. Thus,
future iteration of a larger sample size and a longer follow-up of the incidence of ESRD may in fact
demonstrate the effect of exenatide on renal function.

When studying hypoglycemic drugs, we have to take hypoglycemia events into account. The Action in
Diabetes and Vascular Disease: Preterax and Diamicron Modi�ed Release Controlled Evaluation
(ADVANCE) trial and the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study have shown
that intensive blood glucose control led to increases in mortality or cardiovascular events and
hypoglycemia was the main reason [28, 29]. Several risk factors, including age, duration of diabetes and
insulin therapy, polypharmacy, previous history of hypoglycemia and presence of macroalbuminuria, were
found to be associated with hypoglycemia [30–32]. In this study, the incidence of hypoglycemia was
signi�cantly lower in patients treated with exenatide plus insulin glargine than in those treated with
insulin lispro plus glargine. Therefore, the decrease in hypoglycemia may reduce the incidence of
cardiovascular events, which have been validated in previous studies [10, 33, 34].

The study protocol has certain limitation that we did not perform a blinding procedure during the follow-
up and it might lead to bias during the intervention. In order to avoid the selection bias, the physicians or
the nurses would not know the treatment assignment until the randomization had been done [35]. Also,
we did not collect all the information we’ve planed due to discontinuation of follow-up. Even so, the
MMRM on FAS which included at least 2 points of follow-up was robust enough to detect the difference
of percentage change in UAER between groups.

5. Conclusions
In conclusion, this multi-center, randomized, parallel study indicated that exenatide plus insulin glargine
for 24 weeks resulted in signi�cant reduction of albuminuria in T2DM patients with DKD. Results from
this study will provide fresh evidence on the short-acting exenatide adding to insulin on the progression
of kidney function in patients with macroalbuminuria.

Abbreviations
DKD: Diabetic kidney disease; ESRD: End stage renal disease; UACR: Urinary albumin-to-creatinine ratio;
eGFR: Estimated glomerular �ltration rate; GLP-1RA: Glucagon-like peptide-1 receptor agonists; CV:
Cardiovascular; HbA1c: Hemoglobin A1c; T2DM: Type 2 diabetes mellitus; UAER: Urinary albumin
excretion rate; SMBG: Self-monitoring of blood glucose; FPG: Fasting plasma glucose; BP: Blood
pressure; AE: Adverse event; FAS: Full analysis set; IP: Investigational product; PPS: Per protocol set;
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MMRM: Mixed model repeated measures; UN: Unstructured; BMI: Body mass index; ACEI: Angiotensin-
converting enzyme inhibitors; ARB: Angiotensin II receptor blocker.

Declarations
Ethics approval and consent to participate

This study was approved by the institutional research ethics committee of Nanfang Hospital, Guangdong
Second Traditional Chinese Medicine Hospital, Guangdong Provincial Hospital of Chinese Medicine,
Guangdong second provincial general hospital and was registered on ClinicalTrials.gov. Informed written
consents were obtained from all patients enrolled in this study.

 

Consent for publication

Not applicable

 

Availability of data and materials

The datasets used and/or analyzed during the current study are not publicly available but are available
from the corresponding author on reasonable request.

 

Competing interests

There were no con�icts of interest between each author.

 

Funding

This work was funded by AstraZeneca China and 3SBio Inc. (Study Code: ESR-14-10425). Neither
AstraZeneca China nor 3SBio Inc. in�uenced the process of study design, data collection, analysis, or
preparation of the manuscript.

 

Authors’ contributions

X-YW, QZ and H-JZ performed data analysis, interpreted the results, and wrote the manuscript. Y-MX and
M-PG contributed to the design of the study, reviewed and



Page 14/20

edited the manuscript. S-YS, WM, M-CZ, J-ML, J-LB, X-YT, J-LH, G-GX and PL conducted the enrolment
and follow-up of the study. All authors read and approved the �nal manuscript.

 

Acknowledgements

We would like to acknowledge all the patients and investigators who were involved in this study. Thank
AstraZeneca China and 3SBio Inc. for covering the fee of study drugs and examination items during the
follow-up.

References
1. Afkarian M, Zelnick LR, Hall YN, Heagerty PJ, Tuttle K, Weiss NS, de Boer IH: Clinical Manifestations

of Kidney Disease Among US Adults With Diabetes, 1988-2014. Jama 2016, 316(6):602-610.

2. Zhang L, Long J, Jiang W, Shi Y, He X, Zhou Z, Li Y, Yeung RO, Wang J, Matsushita K et al: Trends in
Chronic Kidney Disease in China. N Engl J Med 2016, 375(9):905-906.

3. Wen CP, Chang CH, Tsai MK, Lee JH, Lu PJ, Tsai SP, Wen C, Chen CH, Kao CW, Tsao CK et al: Diabetes
with early kidney involvement may shorten life expectancy by 16 years. Kidney international 2017,
92(2):388-396.

4. Yamanouchi M, Furuichi K, Hoshino J, Toyama T, Hara A, Shimizu M, Kinowaki K, Fujii T, Ohashi K,
Yuzawa Y et al: Nonproteinuric Versus Proteinuric Phenotypes in Diabetic Kidney Disease: A
Propensity Score-Matched Analysis of a Nationwide, Biopsy-Based Cohort Study. Diabetes care 2019,
42(5):891-902.

5. Yang JK, Wang YY, Liu C, Shi TT, Lu J, Cao X, Yang FY, Feng JP, Chen C, Ji LN et al: Urine Proteome
Speci�c for Eye Damage Can Predict Kidney Damage in Patients With Type 2 Diabetes: A Case-
Control and a 5.3-Year Prospective Cohort Study. Diabetes care 2017, 40(2):253-260.

�. Packham DK, Alves TP, Dwyer JP, Atkins R, de Zeeuw D, Cooper M, Shahinfar S, Lewis JB, Lambers
Heerspink HJ: Relative incidence of ESRD versus cardiovascular mortality in proteinuric type 2
diabetes and nephropathy: results from the DIAMETRIC (Diabetes Mellitus Treatment for Renal
Insu�ciency Consortium) database. Am J Kidney Dis 2012, 59(1):75-83.

7. Heerspink HJ, Kropelin TF, Hoekman J, de Zeeuw D, Reducing Albuminuria as Surrogate Endpoint C:
Drug-Induced Reduction in Albuminuria Is Associated with Subsequent Renoprotection: A Meta-
Analysis. J Am Soc Nephrol 2015, 26(8):2055-2064.

�. Aroda VR: A review of GLP-1 receptor agonists: Evolution and advancement, through the lens of
randomised controlled trials. Diabetes Obes Metab 2018, 20 Suppl 1:22-33.

9. Andersen A, Lund A, Knop FK, Vilsboll T: Glucagon-like peptide 1 in health and disease. Nature
reviews Endocrinology 2018, 14(7):390-403.

10. Kristensen SL, Rorth R, Jhund PS, Docherty KF, Sattar N, Preiss D, Kober L, Petrie MC, McMurray JJV:
Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in patients with type 2



Page 15/20

diabetes: a systematic review and meta-analysis of cardiovascular outcome trials. The lancet
Diabetes & endocrinology 2019, 7(10):776-785.

11. Park CW, Kim HW, Ko SH, Lim JH, Ryu GR, Chung HW, Han SW, Shin SJ, Bang BK, Breyer MD et al:
Long-term treatment of glucagon-like peptide-1 analog exendin-4 ameliorates diabetic nephropathy
through improving metabolic anomalies in db/db mice. J Am Soc Nephrol 2007, 18(4):1227-1238.

12. Zhang H, Zhang X, Hu C, Lu W: Exenatide reduces urinary transforming growth factor-beta1 and type
IV collagen excretion in patients with type 2 diabetes and microalbuminuria. Kidney & blood pressure
research 2012, 35(6):483-488.

13. Castellana M, Cignarelli A, Brescia F, Laviola L, Giorgino F: GLP-1 receptor agonist added to insulin
versus basal-plus or basal-bolus insulin therapy in type 2 diabetes: A systematic review and meta-
analysis. Diabetes/metabolism research and reviews 2019, 35(1):e3082.

14. American Diabetes A: 10. Cardiovascular Disease and Risk Management: Standards of Medical Care
in Diabetes-2019. Diabetes care 2019, 42(Suppl 1):S103-S123.

15. Yanagisawa K, Ashihara J, Obara S, Wada N, Takeuchi M, Nishino Y, Maeda S, Ishibashi Y, Yamagishi
S: Switching to multiple daily injection therapy with glulisine improves glycaemic control, vascular
damage and treatment satisfaction in basal insulin glargine-injected diabetic patients.
Diabetes/metabolism research and reviews 2014, 30(8):693-700.

1�. Denker M, Boyle S, Anderson AH, Appel LJ, Chen J, Fink JC, Flack J, Go AS, Horwitz E, Hsu CY et al:
Chronic Renal Insu�ciency Cohort Study (CRIC): Overview and Summary of Selected Findings.
Clinical journal of the American Society of Nephrology : CJASN 2015, 10(11):2073-2083.

17. Mann JFE, Orsted DD, Brown-Frandsen K, Marso SP, Poulter NR, Rasmussen S, Tornoe K, Zinman B,
Buse JB, Committee LS et al: Liraglutide and Renal Outcomes in Type 2 Diabetes. N Engl J Med
2017, 377(9):839-848.

1�. Muskiet MHA, Tonneijck L, Huang Y, Liu M, Saremi A, Heerspink HJL, van Raalte DH: Lixisenatide and
renal outcomes in patients with type 2 diabetes and acute coronary syndrome: an exploratory
analysis of the ELIXA randomised, placebo-controlled trial. The lancet Diabetes & endocrinology
2018, 6(11):859-869.

19. Gerstein HC, Colhoun HM, Dagenais GR, Diaz R, Lakshmanan M, Pais P, Probst�eld J, Botros FT,
Riddle MC, Rydén L et al: Dulaglutide and renal outcomes in type 2 diabetes: an exploratory analysis
of the REWIND randomised, placebo-controlled trial. Lancet 2019, 394(10193):131-138.

20. Bethel MA, Mentz RJ, Merrill P, Buse JB, Chan JC, Goodman SG, Iqbal N, Jakuboniene N, Katona B,
Lokhnygina Y et al: Microvascular and Cardiovascular Outcomes According to Renal Function in
Patients Treated With Once-Weekly Exenatide: Insights From the EXSCEL Trial. Diabetes care 2020,
43(2):446-452.

21. American Diabetes A: 9. Pharmacologic Approaches to Glycemic Treatment: Standards of Medical
Care in Diabetes-2020. Diabetes care 2020, 43(Suppl 1):S98-S110.

22. Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB, Ritz E, Atkins RC, Rohde R, Raz I:
Renoprotective effect of the angiotensin-receptor antagonist irbesartan in patients with nephropathy



Page 16/20

due to type 2 diabetes. The New England journal of medicine 2001, 345(12):851-860.

23. Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE, Parving HH, Remuzzi G, Snapinn SM,
Zhang Z, Shahinfar S: Effects of losartan on renal and cardiovascular outcomes in patients with type
2 diabetes and nephropathy. The New England journal of medicine 2001, 345(12):861-869.

24. Imai E, Chan JCN, Ito S, Yamasaki T, Kobayashi F, Haneda M, Makino H: Effects of olmesartan on
renal and cardiovascular outcomes in type 2 diabetes with overt nephropathy: a multicentre,
randomised, placebo-controlled study. Diabetologia 2011, 54(12):2978-2986.

25. Fried LF, Emanuele N, Zhang JH, Brophy M, Conner TA, Duckworth W, Leehey DJ, McCullough PA,
O'Connor T, Palevsky PM et al: Combined angiotensin inhibition for the treatment of diabetic
nephropathy. The New England journal of medicine 2013, 369(20):1892-1903.

2�. Packham DK, Wolfe R, Reutens AT, Berl T, Heerspink HL, Rohde R, Ivory S, Lewis J, Raz I, Wiegmann
TB et al: Sulodexide fails to demonstrate renoprotection in overt type 2 diabetic nephropathy. Journal
of the American Society of Nephrology : JASN 2012, 23(1):123-130.

27. Navaneethan SD, Yehnert H, Moustarah F, Schreiber MJ, Schauer PR, Beddhu S: Weight loss
interventions in chronic kidney disease: a systematic review and meta-analysis. Clinical journal of
the American Society of Nephrology : CJASN 2009, 4(10):1565-1574.

2�. Patel A, MacMahon S, Chalmers J, Neal B, Billot L, Woodward M, Marre M, Cooper M, Glasziou P,
Grobbee D et al: Intensive blood glucose control and vascular outcomes in patients with type 2
diabetes. The New England journal of medicine 2008, 358(24):2560-2572.

29. Gerstein HC, Miller ME, Byington RP, Goff DC, Bigger JT, Buse JB, Cushman WC, Genuth S, Ismail-
Beigi F, Grimm RH et al: Effects of intensive glucose lowering in type 2 diabetes. The New England
journal of medicine 2008, 358(24):2545-2559.

30. Donnelly LA, Morris AD, Frier BM, Ellis JD, Donnan PT, Durrant R, Band MM, Reekie G, Leese GP:
Frequency and predictors of hypoglycaemia in Type 1 and insulin-treated Type 2 diabetes: a
population-based study. Diabet Med 2005, 22(6):749-755.

31. Cariou B, Fontaine P, Eschwege E, Lièvre M, Gouet D, Huet D, Madani S, Lavigne S, Charbonnel B:
Frequency and predictors of con�rmed hypoglycaemia in type 1 and insulin-treated type 2 diabetes
mellitus patients in a real-life setting: results from the DIALOG study. Diabetes Metab 2015,
41(2):116-125.

32. Yun J-S, Ko S-H, Ko S-H, Song K-H, Ahn Y-B, Yoon K-H, Park Y-M, Ko S-H: Presence of
macroalbuminuria predicts severe hypoglycemia in patients with type 2 diabetes: a 10-year follow-up
study. Diabetes care 2013, 36(5):1283-1289.

33. Holman RR, Bethel MA, Mentz RJ, Thompson VP, Lokhnygina Y, Buse JB, Chan JC, Choi J, Gustavson
SM, Iqbal N et al: Effects of Once-Weekly Exenatide on Cardiovascular Outcomes in Type 2 Diabetes.
The New England journal of medicine 2017, 377(13):1228-1239.

34. Gerstein HC, Colhoun HM, Dagenais GR, Diaz R, Lakshmanan M, Pais P, Probst�eld J, Riesmeyer JS,
Riddle MC, Rydén L et al: Dulaglutide and cardiovascular outcomes in type 2 diabetes (REWIND): a
double-blind, randomised placebo-controlled trial. Lancet 2019, 394(10193):121-130.



Page 17/20

35. Moher D, Hopewell S, Schulz KF, Montori V, Gøtzsche PC, Devereaux PJ, Elbourne D, Egger M, Altman
DG: CONSORT 2010 explanation and elaboration: updated guidelines for reporting parallel group
randomised trials. BMJ 2010, 340:c869.

Table 2
Due to technical limitations, Table 2 is only available as a download in the supplemental �les section.

Figures

Figure 1

Trial design Abbreviations: T2DM, type 2 diabetes mellitus; HbA1c, hemoglobin A1c; UAER, Urinary
albumin excretion rate; eGFR, estimated glomerular �ltration rate; BMI, body mass index; BP, blood
pressure.
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Figure 3

Flowchart of participants through the trial Abbreviations: FAS, full analysis set; PPS, per protocol set.
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Figure 5

Mean changes from baseline in the albuminuria according to the analysis of MMRM on FAS. (A)
Percentage change in UAER (%); (B) Percentage change in ACR (%); (C) Change in UAER (mg/24-h); (D)
Change in ACR (mg/g). * for p<0.05. I bars indicate standard error. Abbreviations: MMRM, mixed model
repeated measures; FAS, full analysis set; UAER, urinary albumin excretion rate; ACR, albumin-to-
creatinine ratio.
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