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Abstract
Background
Dulaglutide is a once-weekly glucagon-like peptide-1 (GLP-1) receptor agonist approved for the treatment of type 2 diabetes mellitus (T2DM). However, the efficacy and safety of dulaglutide remain unclear in insulin-treated patients with T2DM on maintenance hemodialysis (HD).

Methods
Dulaglutide treatment was initiated, and the insulin dose was adjusted according to the needs of individual participants. Primary outcomes were changes in the mean and standard deviation (SD) of blood glucose (BG) levels and mean amplitude of glycemic excursions (MAGE) evaluated by continuous glucose monitoring (CGM) for six days, glycated albumin (GA), glycated hemoglobin (HbA1c), pre-dialysis blood glucose levels, and daily total insulin dose from the baseline over 24 weeks. Secondary outcomes were changes in treatment satisfaction and QOL levels from the baseline, measured by using the Diabetes Treatment Satisfaction Questionnaire (DTSQ) and the Diabetes Therapy-Related Quality of Life questionnaire (DTR-QOL) scores.

Results
The analysis was performed on the 12 participants who completed the study. The GA level (median − 1.8 [interquartile range − 6.6, − 0.3] %; p = 0.026) and daily total insulin dose (− 15.0 [− 24.5, − 9.4] U/day; p = 0.002) significantly decreased without increasing hypoglycemia (area over the glucose curve < 70 mg/dL: 0.0 [− 0.2, 0.0] mg·24 h/dl; p = 0.917). Four patients successfully withdrew from insulin therapy. The levels of HbA1c, SD of BG, and MAGE showed a decreasing tendency, but no significant improvement. Regarding treatment satisfaction and QOL, the total scores of DTSQ (8.0 [0.3, 12.5]; p = 0.041) and DTR-QOL (15.5 [− 1.8, 42.0]; p = 0.023) significantly improved.

Conclusion
Dulaglutide may help improve glycemic control, treatment satisfaction, and QOL without increasing hypoglycemia in insulin-treated patients with T2DM on maintenance HD.
Trial registration This study was registered with the University Hospital Medical Information Network-Clinical Trials Registry (UMIN-CTR) on October 11, 2016 (registration ID, UMIN000024283).
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Background
Dipeptidyl peptidase 4 (DPP-4) inhibitors, which are incretin-related drugs, have a lower risk of hypoglycemia, even in patients with renal failure and can be used relatively safely [1]. For this reason, it has been reported that DPP-4 inhibitors are also commonly used in dialysis patients, and their effectiveness has been reported [2, 3]. Dialysis patients, however, generally take a relatively large number of drugs, and so there are often problems with poor adherence [4, 5]. Insulin treatment is indispensable for strict control of blood glucose in dialysis patients, but it may affect quality of life (QOL), for example, frequent and painful injections and severe hypoglycemia [6, 7].
Dulaglutide is a weekly formulation of glucagon-like peptide-1 (GLP-1) receptor agonist launched in Japan in 2015. It is also an incretin-related drug like a DPP4 inhibitor. The features of dulaglutide are that it may be injected only once a week and that the injection is easy because there is no need to make a blank shot or match the number of units. These advantages of dulaglutide not only reduce the risk of misoperation and insulin dosing, but may also reduce the frequency of injection pain and ultimately improve adherence and QOL. In previous studies, the addition of a GLP-1 receptor agonist to insulin-using type 2 diabetic patients not only improved glycemic control without increasing the risk of hypoglycemia, but also their QOL also improved [8, 9]. There have been, however, few reports of studies in which dulaglutide was added to patients with maintenance hemodialysis who had type 2 diabetes and were taking insulin. Therefore, we conducted a study to add dulaglutide to adult patients on maintenance hemodialysis with type 2 diabetes who are currently receiving insulin therapy. We used continuous glucose monitoring (CGM) before and after the start of treatment to investigate the improvement of glycemic control and the reduction of insulin usage and further examined whether improvement of treatment adherence and improved QOL could be obtained.
Methods
Study participants
The study subjects were enrolled from November 2016 to August 2018 at seven dialysis facilities (Nagaoka Central General Hospital, Nagaoka City, Japan; Nagaoka Red Cross Hospital, Nagaoka City, Japan; Saiseikai Sanjo Hospital, Sanjo City, Japan; Nishikawa Municipal Hospital, Yamagata, Japan; Miura Internal Medicine Clinic, Shibata City, Japan; Maihira Clinic, Niigata City, Japan; Koyo Medical Clinic, Niigata City, Japan). The subjects were outpatients over the age of 20 who had been on hemodialysis for more than six months and had type 2 diabetes on insulin and were not using GLP-1 receptor agonist or DPP-4 inhibitors for more than eight weeks before the start of the study. The subjects who met any of the following criteria were excluded from the study: history of hypersensitivity to components of incretin-related drugs such as DPP-4 inhibitors and GLP-1 receptor agonists, severe ketosis, diabetic coma or precoma, active phase of serious infections, imminent or recent surgery, severe direct trauma, severe cardiac or hepatic dysfunction, pituitary or adrenal insufficiency, malnutrition, starvation, irregular dietary intake, insufficient or debilitated dietary intake, strenuous muscular exercise, excessive alcohol consumption, body mass index (BMI) < 18.5 kg/m2, pregnant, breastfeeding, may become pregnant, or any patient whom the attending physician deemed inappropriate for participation in this study.
Study design
This uncontrolled, open-label, exploratory study was approved by the institutional review boards of Niigata University and was performed in accordance with the principles embodied in the Declaration of Helsinki. All participants provided written informed consent. The Ethics Committee of the Niigata University School of Medicine approved the study (approval numbers: 2015–2573). Furthermore, the study was registered with the University Hospital Medical Information Network–Clinical Trials Registry (UMIN000024283).
Only a dose of 0.75 mg of dulaglutide is approved in Japan, and this was the dose used in this study. The attending physician appropriately reduced the insulin dose at the start of dulaglutide. At that time, the attending physician followed the protocol (Additional file 1) prepared with reference to the past reports on GLP-1 receptor agonists [10] based on the patient's glycemic control status. Subcutaneous injections of dulaglutide were given by the subject or the nurse at the end of a hemodialysis session at the beginning of the week. During the study period, the attending physician paid close attention to the onset of hypoglycemia and adjusted the insulin dose appropriately, that is, so that the blood glucose levels were within the range of 70–180 mg/dl as measured by self-monitoring of blood glucose (SMBG). In addition, as suggested by the Japanese Society of Dialysis, the blood glucose at the start of a hemodialysis session was controlled to less than 180–200 mg/dl. Regarding the adjustment of long-acting insulin usage, the insulin level was adjusted with reference to the protocol used in ATLAS study [11] (Additional file 2). During the period of this study, the attending physician did not add any oral anti-diabetic drugs. Drugs for complications other than anti-diabetic drugs (anti-platelet drugs, antihypertensive drugs, anti-dyslipidemia drugs, etc.) were not restricted, but the dose of the drug was not changed or added during the intervention period as much as possible.
Glucose levels were measured by a continuous glucose monitoring (CGM) system iPro2 (Medtronic MiniMed, USA) in a pre-observation period within one month before the start of dulaglutide. The following data also were collected during a day on hemodialysis at the beginning of the week: general blood biochemical measurements including glycated albumin (GA) and glycated hemoglobin (HbA1c) values, evaluation of body composition by impedance method (InBody) after a hemodialysis session, treatment satisfaction and QOL (the Diabetes Treatment Satisfaction Questionnaire [DTSQ] and the Diabetes Therapy-Related Quality of Life Questionnaire [DTR-QOL]). General blood biochemical measurements were performed monthly for 24 weeks after the start of dulaglutide. CGM and body composition analysis were performed four weeks after the start of dulaglutide. Twenty-four weeks after the start of dulaglutide, CGM, body composition analysis, and a questionnaire using DTSQ and DTR-QOL were conducted (Additional file 3).
The primary endpoints were: (i) changes in mean and standard deviation (SD) of blood glucose and glycemic variability using mean amplitude of glycemic excursions (MAGE) by CGM before and after the start of dulaglutide; (ii) changes in GA, HbA1c, and pre-dialysis blood glucose levels before and after the start of dulaglutide; and (iii) changes in total daily insulin usage before and after the start of dulaglutide. Secondary endpoints were: (i) changes in treatment satisfaction and QOL before and after the start of dulaglutide by DTR-QOL and DTSQ; (ii) changes in body composition using InBody (body fat mass, skeletal muscle mass) before and after the start of dulaglutide; and (iii) changes in interdialytic weight gain (IDWG) before and after the start of dulaglutide. Safety endpoints were: (i) incidence of serious adverse events associated with dulaglutide use and (ii) hypoglycemia rate (by comparison of area over the glucose curve < 70 mg/dL per 24 h [AOC < 70] in CGM before and after the use of dulaglutide).
Laboratory investigations
Body mass index (BMI) was calculated by dividing the average weight (kg) after HD by the square of height (m). Pre-HD venous blood samples were taken at the beginning of the week. General blood biochemical tests were analyzed in each facility's laboratory. GA and HbA1c were measured at SRL Co., Ltd. (Tokyo, Japan). Body composition was measured in a unified posture using a body composition analyzer (InBody470, InBodyJapan, Japan). Bioimpedance was measured for each of the five parts of the right arm, left arm, trunk, right leg, and left leg using these three frequencies: 5 kHz, 50 kHz, and 250 kHz. Body weight, body water, body fat mass, muscle mass, skeletal muscle mass (SMM), and body fat percentage were measured using the same body composition analyzer.
DTR-QOL consists of 29 questions and has four major domains (D): D1 is “burden on social activities and daily activities” (13 items); D2 is “anxiety and dissatisfaction with treatment” (eight items); D3 is “hypoglycemia” (four items); and D4 is “satisfaction with treatment” (four items). Answers were scored on a Likert-type scale ranging from 1 (strongly agree) to 7 (strongly disagree), but an inverted scale was used in questions 26–29, with 7 representing the highest quality of life score. The domain score is calculated by the total scale of each domain, and the higher the score, the higher the QOL [12]. DTSQ consists of eight questions and two different elements. The first element evaluates treatment satisfaction and consists of six questions (Q1, 4, 5, 6, 7, 8). Respectively, these six questions ask about “satisfaction with current treatment,” “flexibility,” “convenience,” “understanding of diabetes,” “recommend treatment to others,” and “willingness to continue.” The patient’s scores range from 0 (“very dissatisfied,” “very inconvenient”) to 6 (“very satisfied,” “very convenient”). The second element consists of two questions (Q2, 3), each scoring the burden of hyperglycemia and hypoglycemia from 0 (“none of the time”) to 6 (“most of the time”). Treatment satisfaction is evaluated by the sum of the scores of the six questions regarding the first factor; the higher the score, the higher the treatment satisfaction [13].
Continuous glucose monitoring
Patient glucose data were evaluated using the iPro 2 CGM system. The device was worn on a day of hemodialysis at the beginning of the week and removed the following week. When evaluating the data, we excluded the data on days of putting on and removing the device and used the data for a total of six days (Day 2–7) (Additional file 3). MAGE was calculated as the arithmetic mean difference between consecutive blood glucose peaks (between meals) and nadirs (between the peaks) when differences were > 1 standard deviation of the mean glucose value in the same 24 h period. We defined the range of blood glucose in time in range (TIR) as 70–180 mg/dL [14]. We also defined the glucose level in CGM from 0:00 to 6:00 as the nocturnal blood glucose level [15] and evaluated the nocturnal glucose control of two consecutive non-dialysis days over the weekend before and after the start of dulaglutide.
Statistical methods
Data are presented as median with interquartile range (IQR). The Wilcoxon signed-ranks test was used to compare the values before and after the start of dulaglutide and each measurement point. P values less than 0.05 were considered significant. All statistical analyses were performed using IBM SPSS Statistics for Windows ver. 21.0 (IBM Corp., Armonk, NY).
Results
Fifteen patients agreed to the study, but one was hospitalized after obtaining consent and was excluded due to difficulty in following up, so fourteen patients started the study. One participant was eliminated after abdominal symptoms made it difficult for the patient to continue. In addition, another participant deviated from the protocol. The remaining 12 subjects who completed the study were the subjects of the present study (Fig. 1). The clinical background of the participants who completed the trial is shown in Table 1. The median age was 70.0 years, the median duration of diabetes was 25.5 years, and the median duration of dialysis was 4.3 years. One participant was taking α-glucosidase inhibitor. Regarding the diseases causing dialysis, one subject had an MPO-ANCA-related disease; all others had diabetic nephropathy. The median values of GA and HbA1c were 22.9% and 6.8%, respectively, and the median daily insulin usage was 24.5 units (Table 2).[image: ]
Fig. 1Flowchart of study participants throughout the trial

Table 1Baseline characteristics


	Variables
	 
	Age (years)
	70.0 (63.8, 72.8)

	Male (%)
	9 (81.8)

	Diabetes duration (years)
	25.5 (22.0, 30.3)

	Hemodialysis duration (years)
	4.3 (2.8, 5.2)

	Oral anti-diabetic agents
	 
	 α-glucosidase inhibitor (%)
	1 (8.3)

	Primary disease of ESKD
	 
	 Diabetic nephropathy (%)
	11 (91.7)

	 MPO-ANCA associated vasculitis (%)
	1 (8.3)


Data are expressed as median (interquartile range) or n (%)
ESKD, end-stage kidney disease


Table 2Primary endpoints


	 	n
	0 M
	6 M
	Change
	Mean value difference

	p value

	GA (%)
	12
	22.9 (20.8, 26.1)
	21.2 (19.4, 22.5)
	− 1.8 (− 6.6, − 0.3)
	0.026

	HbA1c (%)
	9
	6.8 (6.2, 7.1)
	6.3 (5.4, 6.7)
	− 0.4 (− 1.2, 0.2)
	0.172

	Pre-dialysis BG (mg/dl)
	12
	134.5 (117.3, 196.5)
	149.5 (121.8, 215.3)
	25.0 (− 23.3, 68.0)
	0.239

	Mean BG in CGM (mg/dl)
	12
	171.4 (160.4, 202.7)
	156.1 (147.0, 166.1)
	− 18.8 (− 42.0, 17.2)
	0.158

	SD of BG in CGM (mg/dl)
	12
	47.2 (35.9, 58.4)
	38.1 (32.5, 47.9)
	− 10.6 (− 20.2, 5.9)
	0.099

	MAGE (mg/dl)
	12
	114.4 (83.4, 134.7)
	91.0 (79.2, 128.5)
	− 21.7 (− 47.7, 14.1)
	0.209

	AUC > 180 in CGM (mg·24 h/dl)
	12
	93.1 (52.8, 239.3)
	46.8 (20.9, 75.4)
	− 58.6 (− 141.0, 26.8)
	0.117

	AOC > 70 in CGM (mg·24 h/dl)
	12
	0.0 (0.0, 0.2)
	0.0 (0.0, 0.1)
	0.0 (− 0.2, 0.0)
	0.917

	Insulin dose (U/day)
	12
	24.5 (15.0, 45.5)
	6.0 (0.0, 18.0)
	− 15.0 (− 24.5, − 9.4)
	0.002


Data are expressed as median (interquartile range). The change indicates changes from baseline to 24 weeks
GA, glycated albumin; HbA1c, glycated hemoglobin; BG, blood glucose; CGM, continuous glucose monitoring; SD, standard deviation; MAGE, mean amplitude of glycemic excursions; AUC, area under the curve; and AOC, area over the curve



The changes in each primary endpoint are shown in Table 2 and Fig. 2. After 24 weeks, change in GA was significant (median − 1.8 [IQR − 6.6, − 0.3] %; p = 0.026), and change in HbA1c (− 0.4 [− 1.2, 0.2] %; p = 0.172) showed an improving tendency. Insulin usage decreased (− 15.0 [− 24.5, − 9.4] U/day; p = 0.002) after six months, and four out of 12 patients (33.3%) were able to discontinue insulin use (Fig. 3 and Additional file 4). Furthermore, in the examination by CGM, the change in mean blood glucose level (− 18.8 [− 42.0, 17.2] mg/dl; p = 0.158) and the change in blood glucose variability showed an improving tendency as follows: SD of BG (− 10.6 [− 20.2, 5.9] mg/dl; p = 0.099), MAGE (− 21.7 [− 47.7, 14.1] mg/dl; p = 0.209), AUC > 180 (− 58.6 [− 141.0, 26.8] mg·24 h/dl; p = 0.117). The change in AOC < 70 was showing no significant change (0.0 [− 0.2, 0.0] mg·24 h/dl; p = 0.917) (Table 2). Although we also evaluated BG data using CGM with % coefficient of variation (− 2.0 [− 6.7, 2.8] %; p = 0.308) and TIR (16.1 [− 9.1, 29.5] %; p = 0.117), no significant differences were found (Additional file 5). In addition, we evaluated glycemic fluctuations during HD days, HD sessions, and six hours after HD session (Additional file 6), and there was a tendency for improvements in the levels of median SD of BG (− 5.9 [− 26.4, 6.6] mg/dl; p = 0.084) and MAGE (− 18.3 [− 66.7, 4.4] mg/dl; p = 0.084) on the dialysis days, although there was no clear significant difference in the levels of mean blood glucose. Furthermore, in an analysis on two consecutive non-dialysis days over the weekend before and at the end of the study, the change in nocturnal blood glucose levels between 0:00 and 6:00 was significant (− 22.8 [− 70.6, − 1.1] mg/dl; p = 0.023) (Fig. 4).[image: ]
Fig. 2Changes in GA and HbA1c values during this study. GA and HbA1c values showed a tendency to decrease from four weeks after the start of the use of dulaglutide. Data are presented as median with an interquartile range. Δ indicates changes from baseline to each month. Number of subjects available for 0, 4, 8, 12, 16, 20, 24 week-measurements was 12, 10, 12, 10, 12, 11, and 12 for GA and 11, 11, 11, 11, 10, 11, and 9 for HbA1c, respectively. GA, glycated albumin; HbA1c, glycated hemoglobin

[image: ]
Fig. 3Changes in insulin dose during this study. Most participants have gradually reduced their insulin doses since the start of dulaglutide. Four out of 12 participants were able to stop using insulin

[image: ]
Fig. 4Daily variation of glucose levels in two consecutive non-dialysis days over the weekend. The nocturnal glucose level (median glucose level in CGM from 0:00 to 6:00) was significantly decreased during the study period (p = 0.023): median [IQR] values of the change in the nocturnal glucose level from 0 to 24 week were − 22.8 [− 70.6, − 1.1] mg/dl. CGM, continuous glucose monitoring; HD, hemodialysis; and IQR, interquartile range


Next, the changes in the secondary endpoints are shown in Table 3. Changes in BMI (− 0.4 [− 1.0, − 0.3] %; p = 0.003), fat ratio (− 4.8 [− 8.2, − 1.7] %; p = 0.022), and fat mass (− 2.6 [− 5.5, − 1.3] kg; p = 0.037) were indicating significant change. On the other hand, the change in SMM (0.5 [− 0.4, 1.6] kg; p = 0.285) and skeletal muscle mass indexes (SMI) (0.2 [− 0.2, 0.7] kg/m2; p = 0.203) was showing no significant change. Regarding treatment satisfaction evaluation, in terms of changes in DTSQ, convenience (1.0 [0.0, 3.0]; p = 0.039), likelihood of recommending the treatment to others (1.0 [1.0, 2.0]; p = 0.004), and continuation (1.0 [0.0, 3.0]; p = 0.026), scores were also significantly improved from the baseline, respectively. The total score was also significantly improved (8.0 [0.3, 12.5]; p = 0.041) from the baseline. The dissatisfaction scores for hyperglycemia (− 1.0 [− 4.0, 0.0]; p = 0.073) and hypoglycemia (− 0.5 [− 2.0, 0.0]; p = 0.065) tended to improve from the baseline, respectively. Regarding DTR-QOL, the total score improved (15.5 [− 1.8, 42.0]; p = 0.023) significantly from the baseline; in individual items, scores for the burden on social activities and daily life (10.5 [1.5, 54.3]; p = 0.013) and anxiety and burden of treatment (15.5 [− 3.8, 40.5]; p = 0.041) were significantly improved. Also, the score of hypoglycemia showed a tendency to improve (27.0 [− 12.8, 54.0]; p = 0.062) from the baseline.Table 3Secondary endpoints


	 	n
	0 M
	6 M
	Change
	Mean value difference

	p value

	BMI (kg/m2)
	12
	23.7 (20.1, 26.7)
	23.0 (19.7, 25.7)
	− 0.4 (− 1.0, − 0.3)
	0.003

	Dry weight (kg)
	12
	64.8 (53.0, 67.2)
	63.0 (51.9, 66.3)
	− 1.0 (− 2.5, − 0.6)
	0.028

	IDWG (%)
	12
	4.0 (3.2, 5.2)
	3.8 (2.9, 4.8)
	− 0.1 (− 0.6, 0.3)
	0.530

	Fat ratio (%)
	10
	23.5 (18.4, 32.9)
	20.2 (13.6, 28.4)
	− 4.8 (− 8.2, − 1.7)
	0.022

	Fat mass (kg)
	10
	15.1 (9.9, 22.7)
	12.1 (7.7, 18.6)
	− 2.6 (− 5.5, − 1.3)
	0.037

	Fat free mass index (kg/m2)
	10
	17.1 (15.5, 17.9)
	17.9 (16.5, 19.0)
	0.5 (− 0.2, 1.4)
	0.074

	Muscle mass index (kg/m2)
	10
	16.3 (14.6, 17.1)
	16.8 (15.6, 18.2)
	0.4 (− 0.3, 1.3)
	0.169

	Skeletal muscle mass (kg)
	10
	25.5 (20.4, 28.7)
	26.6 (21.9, 28.9)
	0.5 (− 0.4, 1.6)
	0.285

	Skeletal muscle mass index (kg/m2)
	10
	9.4 (8.3, 10.0)
	9.7 (8.8, 10.4)
	0.2 (− 0.2, 0.7)
	0.203

	DTR-QOL score
	 	 	 	 	 
	 Total score
	12
	65.0 (35.8, 79.0)
	88.0 (76.0, 93.0)
	15.5 (− 1.8, 42.0)
	0.023

	Subscale score
	 	 	 	 	 
	 Domain 1
	12
	67.0 (38.0, 86.8)
	94.5 (80.5, 99.8)
	10.5 (1.5, 54.3)
	0.013

	 Domain 2
	12
	52.0 (23.8, 75.0)
	81.0 (63.3, 88.8)
	15.5 (− 3.8, 40.5)
	0.041

	 Domain 3
	12
	60.5 (32.3, 74.0)
	98.0 (55.0, 100.0)
	27.0 (− 12.8, 54.0)
	0.062

	 Domain 4
	12
	71.0 (64.0, 86.8)
	77.0 (67.0, 91.0)
	2.5 (− 16.8, 23.8)
	0.449

	DTSQ score
	 	 	 	 	 
	 Total score
	12
	26.0 (22.3, 28.8)
	34.5 (31.3, 35.8)
	8.0 (0.3, 12.5)
	0.041

	Subscale score
	 	 	 	 	 
	 Treatment satisfaction
	12
	5.0 (4.0, 5.0)
	5.5 (4.3, 6.0)
	1.0 (− 0.8, 2.0)
	0.275

	 Frequency of hyperglycemia
	12
	3.5 (2.3, 5.0)
	1.5 (0.0, 4.5)
	− 1.0 (− 4.0, 0.0)
	0.073

	 Frequency of hypoglycemia
	12
	1.0 (0.0, 2.8)
	0.0 (0.0, 1.0)
	− 0.5 (− 2.0, 0.0)
	0.065

	 Convenience
	12
	3.5 (3.0, 5.0)
	6.0 (5.0, 6.0)
	1.0 (0.0, 3.0)
	0.039

	 Flexibility
	12
	5.0 (4.0, 6.0)
	6.0 (5.0, 6.0)
	1.0 (− 0.8, 1.8)
	0.184

	 Understanding
	12
	4.5 (3.0, 5.0)
	5.5 (4.0, 6.0)
	1.0 (− 0.8, 2.0)
	0.346

	 Recommend
	12
	4.0 (3.0, 5.0)
	6.0 (5.3, 6.0)
	1.0 (1.0, 2.0)
	0.004

	 Continue
	12
	5.0 (3.0, 6.0)
	6.0 (6.0, 6.0)
	1.0 (0.0, 3.0)
	0.026


Data are expressed as median (interquartile range). The change indicates changes from baseline to 24 weeks
BMI, Body mass index; IDWG, interdialytic weight gain; DTR-QOL, Diabetes Therapy-Related Quality of Life Questionnaire; and DTSQ, Diabetes Treatment Satisfaction Questionnaire



Discussion
In this study, we added the GLP-1 receptor agonist dulaglutide to HD patients with type 2 diabetes who were on insulin treatment. We investigated whether this treatment could improve glycemic control and reduce insulin usage, treatment adherence, and QOL. Regarding blood glucose control, the GA value was significantly improved, and the mean blood glucose of CGM and SD, MAGE, and AUC > 180 showed a decreasing tendency. On the other hand, no significant change was observed in AUC < 70, and no exacerbation of hypoglycemia was observed. Insulin dose was also significantly reduced, and four of the fourteen patients were able to discontinue insulin use. Regarding changes in body composition, BMI, body fat percentage, and fat mass decreased significantly, but SMM did not decrease. Furthermore, regarding treatment satisfaction, improvement in total score was observed for both DTSQ and DTR-QOL.
One of the problems with diabetes treatment for hemodialysis diabetic patients is that the types of oral anti-diabetic agents that can be used are limited, and therefore insulin treatment is often required. There are, however, many cases where injecting insulin is difficult due to visual impairment and other complications; hypoglycemia is likely to occur due to the use of insulin [16]. Therefore, it is necessary to have a treatment method that enables good blood glucose control without increasing the risk of hypoglycemia, reduces the amount of insulin used and the frequency of injections, and obtains higher adherence. Dulaglutide, a GLP-1 receptor agonist, is a once-weekly formulation, is easy to use, and does not require adjustment of the number of units. Dulaglutide has been shown to be effective in non-HD patients with type 2 diabetes not only in glycemic control, but also in body composition changes, treatment satisfaction, and tolerability [17–21]. Regarding the tolerability of dulaglutide in patients with impaired renal function, it was reported that dulaglutide obtained glycemic control equivalent to insulin glargine in type 2 diabetic patients with chronic kidney disease stages 3–4 [22]. However, few reports targeted dialysis patients. Recently, the results of using dulaglutide in HD patients have been reported, showing improvement in glycemic control and changes in body composition [23, 24]. Yajima et al. reported that the addition of dulaglutide reduced GA and insulin use in hemodialysis patients taking insulin [23, 24]. Similar results were shown in this study, confirming the effectiveness of dulaglutide in glycemic control.
A major feature of this study was that it targeted HD patients undergoing insulin treatment and evaluated glycemic control for 24 weeks, which was relatively longer than previously reported using CGM. Furthermore, we were investigating changes in treatment satisfaction and QOL using DTSQ and DTR-QOL. Feng-fei Li et al. reported the changes in insulin dose to maintain glycemic control after 24 weeks of vildagliptin, a DPP-4 inhibitor, treatment for type 2 diabetes patients using insulin. In that report, subjects in the additional vildagliptin therapy group did not show a significant difference in the total insulin dose required to maintain glycemic control compared to the control group [25]. In our study, dulaglutide, which is the same incretin-related drug, significantly reduced insulin dose even in hemodialysis patients with type 2 diabetes, indicating that insulin use could be discontinued in some cases. For hemodialysis patients with type 2 diabetes who wish to discontinue insulin injections, the addition of GLP-1 receptor agonists may be better than DPP-4 inhibitors. On the other hand, Baptist et al. reported that when dulaglutide 1.5 mg or 0.75 mg was added to patients who were also taking oral anti-diabetic agents or insulin treatment, not only an improvement in HbA1c, but also a significant improvement in fasting blood glucose level were observed [26]. In addition, Johan et al. reported that the addition of dulaglutide to type 2 diabetes patients using insulin improved not only postprandial blood glucose, but also nocturnal blood glucose levels [27]. The CGM analysis of our study also showed improvement of nocturnal blood glucose levels on non-dialysis days. The nocturnal and postprandial blood glucose variability shown by CGM at 26 and 52 weeks in the report by Johan et al. was similar to our results. Regarding hypoglycemia, it has been reported that the use of GLP-1 receptor agonists such as liraglutide and dulaglutide in hemodialysis patients with type 2 diabetes did not show a significant increase in hypoglycemia [24, 28]. Before and after the use of dulaglutide in our study, there was no significant change in AOC < 70 mg · 24 h/dL, which indicates hypoglycemia. These results suggest that the addition of dulaglutide in patients on maintenance hemodialysis with type 2 diabetes on insulin may improve glycemic control without increasing the risk of hypoglycemia.
Takase et al. divided 31 non-dialysis type 2 diabetes patients using once-daily liraglutide into two groups, one that continued to use liraglutide and one that changed to once-weekly dulaglutide and continued treatment 12 weeks later, and they assessed treatment satisfaction by using DTSQ and DTR-QOL [29]. As a result, the dulaglutide group showed an improvement in the total DTSQ score compared to the liraglutide group, and the subscale score also showed a higher improvement in “convenience” and “flexibility” in the dulaglutide group than in the liraglutide group. In DTR-QOL, the total score of the dulaglutide group was significantly improved compared to that of the liraglutide group; significant improvement was observed in domain 1 and 2. In this study, we targeted hemodialysis patients, and both total DTSQ and DTR-QOL scores were also significantly improved; in the DTSQ subscale, there were significant improvements in “convenience,” “flexibility,” “recommend,” and “continue,” and in the domain of DTR-QOL, domains 1 and 2 were significantly improved. These were almost the same results as in the reports mentioned above. It has been suggested that in diabetic patients on insulin use, decreased insulin dose and injection frequency are closely associated with improved treatment satisfaction in patients [30, 31]. From the results of our study, it is considered that the treatment satisfaction in DTSQ and DTR-QOL improved due to the decrease in insulin amount and insulin injection frequency even in hemodialysis patients with type 2 diabetes.
In the above-mentioned report by Yajima et al., BMI, fat mass, SMM, and SMI were all decreased in changes in body composition. In our study, however, although BMI and fat mass decreased, there was no significant decrease in muscle mass. Regarding fat mass, GLP-1 has been reported to induce lipolysis by activating cyclic adenosine monophosphate (AMP) dependent protein kinase (PKA) and AMP-activated protein kinase (AMPK) in adipocytes [32]. It is possible that dulaglutide, a GLP-1 analog, enhanced the activation of PKA and AMPK, promoted lipolysis, and reduced BMI. On the other hand, regarding the decrease in SMM and SMI, Yajima et al. discussed the following factors that were likely to cause sarcopenia in these subjects: The median age of registered patients was higher than 65 years old; they had renal failure; the median BMI was 24 kg/m2, lower than in previous studies. The subjects in our study, however, were hemodialysis patients with an average age of 68.4 years and a BMI value of 24.7 kg/m2; under almost the same conditions, no decrease in SMM or SMI was observed. In previous papers, it was reported that GLP-1 receptor agonists also suppressed myostatin and muscular atrophy factors in vitro and in vivo, and by enhancing myogenic factors through GLP-1 receptor-mediated signaling pathways, it improved muscle atrophy [33]. It was also reported that when dulaglutide was used for 12 weeks in non-dialysis type 2 diabetic patients and when body composition was measured before and after treatment, BMI was significantly reduced, but SMM was not changed [34]. Because there are reports that about 40% of dialysis patients have sarcopenia and type 2 diabetes can also cause sarcopenia [35], further studies are needed on changes in muscle mass in dialysis patients due to the use of dulaglutide.
There are several limitations in this study. The first is that the number of subjects was small. The second was that walking speed and grip strength included among the diagnostic criteria for sarcopenia were not evaluated. The third is that this study was exploratory and not a randomized controlled trial. Therefore, in order to verify the results of this study, a larger-scale randomized controlled trial will be required.
Conclusions
We added the GLP-1 receptor agonist dulaglutide to patients on maintenance hemodialysis who had type 2 diabetes on insulin, and 24 weeks after the start of use, we examined changes in glycemic indices including CGM-based blood glucose variability, treatment satisfaction, and QOL. Regarding glycemic control, the GA level and daily total insulin dose significantly decreased without increasing hypoglycemia. Further improvement in treatment satisfaction and QOL was also observed. It was suggested that dulaglutide may help improve glycemic control, treatment satisfaction, and QOL in patients with type 2 diabetes who require dialysis without increasing the risk of hypoglycemia with insulin treatment.
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