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Background: Blood glucose stability has recently been considered important in the treatment of diabetes. Both hypoglycemia and hyperglycemia can frequently occur in patients with diabetes undergoing hemodialysis. This study aimed to determine the usefulness of continuous glucose monitoring (CGM) for glycemic control and glycemic variability stabilization in patients with diabetes undergoing hemodialysis.

Materials and methods: Eighteen patients aged ≥18 years with type 1 or 2 diabetes and ≥3 months on hemodialysis at the Eulji Medical Center, Daejeon, Republic of Korea between November 2021 and May 2022 were included. Patients underwent 7 days CGM twice: the baseline study period (T0) and the follow-up study period (T1), at a 12 weeks interval. Physicians modified the treatment strategy according to the T0 results, and then patients conducted T1. As indicators of glycemic control, the mean glucose levels, glycated hemoglobin A1c (HbA1c), and time in range were measured. As indicators of glycemic variability, standard deviation (SD) and % coefficient variation (%CV) were measured.

Results: Data from 18 patients were analyzed. The mean glucose levels, HbA1c, SD, and %CV improved in T1 compared to T0 (P < 0.05). During T0, the mean glucose level was significantly lower on a day with hemodialysis than on a day without (P < 0.05), and SD and %CV were significantly higher on a day with hemodialysis than on a day without (P < 0.05). After the physicians modified the treatment according to the T0 results, there were no differences in the mean glucose levels, SD, and %CV between days with and without hemodialysis during T1.

Conclusion: Continuous glucose monitoring could be a promising tool for individualizing treatment strategies in patients with diabetes undergoing hemodialysis.
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1. Introduction

End-stage kidney disease (ESKD) is a global health problem, with a steep increase in its prevalence (1). The prevalence and incidence of ESKD are also steadily increasing in South Korea (2, 3). Diabetes is a major cause of ESKD and a common comorbidity in patients with chronic kidney disease (1, 3). Patients with ESKD have a high prevalence of cardiovascular complications and high mortality rate, and the risk of cardiovascular morbidity and mortality is even higher in patients with both diabetes and ESKD (3–5).

Glycemic control is an important factor in preventing micro- and macrovascular complications in patients with diabetes. However, it is particularly challenging in patients with diabetes undergoing hemodialysis because the kidney is an organ closely related to blood glucose and insulin metabolism, and glucose and insulin are filtered through the dialysis membrane (6, 7). Therefore, both hypoglycemia and hyperglycemia may frequently occur in patients with diabetes undergoing hemodialysis. Moreover, the recommendation for strict glycemic control in patients with diabetes undergoing hemodialysis is controversial because of the increased risk of hypoglycemia (8, 9).

Self-monitoring capillary blood glucose (SMBG), glycated hemoglobin A1c (HbA1c), and fructosamine are commonly used in patients with diabetes to monitor glycemic control (10). However, HbA1c and fructosamine have limitations as standard indicators of glycemic control in patients with diabetes undergoing hemodialysis for several reasons, such as anemia, hypoalbuminemia, and analytical interference (10, 11). In addition, the HbA1c and fructosamine levels cannot reflect glycemic variability, which is usually defined as the frequency and amplitude of blood glucose oscillations, or changes in acute blood glucose (12). Glycemic variability has been suggested to be an independent risk factor for morbidity and mortality in patients with diabetes (13). The American Diabetes Association 2022 Standards of Medical Care in Diabetes suggested the stabilization of glycemic variability as one of the treatment goals in diabetes and the use of continuous glucose monitoring (CGM) as a surrogate tool for glucose assessment (14). CGM is a Holter-like device to monitor interstitial glucose, which detects several glycemic parameters such as mean, peak, nadir, pattern, and variability (15). Therefore, interest in CGM has increased in recent years. We aimed to examine the blood glucose levels in patients with diabetes undergoing hemodialysis using CGM and improve their blood glucose levels and achieve stabilization of glycemic variability through individualized treatment interventions based on the CGM results.



2. Materials and methods


2.1. Participants and data sources

This study was approved by the Ethics Committee of Eulji University School of Medicine in South Korea (IRB No. EMC 2021-07-013-001) and was conducted in accordance with the principles of the Declaration of Helsinki. All study participants provided written informed consent prior to enrollment in the study.

This prospective cohort study included patients with ESKD aged ≥18 years who received standard hemodialysis in the dialysis center at Daejeon Eulji Medical Center between November 2021 and May 2022. The inclusion criteria were as follows: (a) having type 1 or type 2 diabetes for ≥3 months, (b) having undergone any combination of diabetes treatment for ≥3 months, (c) maintained stable hemodialysis for ≥3 months, and (d) undergoing hemodialysis for 4 h three times a week. Patients were excluded if they (a) were pregnant, (b) had a concurrent systemic inflammatory disease or acute infection, (c) had been hospitalized because of diabetic ketoacidosis or hyperglycemic hyperosmolar syndrome within the last 3 months, (d) had received blood transfusion within the last 3 months, (e) had a history of cerebral vascular accident and angina pectoris or acute myocardial infarction within the last 3 months, (f) had insufficient life expectancy due to malignancy or other medical conditions, or (g) did not understand the study protocol or agree to participate in this study. Clinical data, such as age, sex, body mass index (BMI), comorbid disease, used diabetes medication, use of erythropoiesis-stimulating agent (ESA), and dose of ESA, were collected from the patients’ electronic medical records.



2.2. Study protocol

This study utilized two CGM study periods. In the baseline study period (T0), physicians and patients measured the basal glucose levels and glycemic markers without intervention, such as control of diet, exercise, or medication modification. The CGM device was inserted on the hemodialysis-on day, after dialysis, and was maintained for 7 days, after which it was removed on the last day. During the study period, patients were asked to measure SMBG at least three times per day and record the type, amount, and time of all meals, including snacks, medications, exercise, and episodes of hypoglycemia in the diary given by the physician. Based on the results of T0, patients whose glycemic markers were outside of the target range were educated on exercise and dietary habits, and treatment changes were administered. After 12 weeks of treatment, the follow-up study period (T1) commenced in the same manner as for T0. The study protocol is presented in Figure 1.
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FIGURE 1
Study protocol. Patients underwent 7 days continuous glucose monitoring (CGM) twice at a 12 weeks interval. In the baseline study period (T0), physicians and patients measured the basal glucose levels and glycemic markers without intervention. Physicians modified the treatment strategy based on the T0 results. After 12 weeks, the follow-up study (T1) was conducted. Patients checked self-monitoring capillary blood glucose (SMBG) at least three times per day during the study.




2.3. Treatment intervention

The two nephrologists were asked to change the prescription based on the CGM report while blinding the patient’s name. A comprehensive treatment regimen could not be applied due to the complexity of dialysis patients with diabetes. For patients with overall hyperglycemia, with or without dialysis, the doses of medication were increased by 25–50% or insulin doses by 2–6 units. On the other hand, in patients with frequent hypoglycemia, with or without dialysis, the doses of medication were reduced by 25–50% or insulin doses by 2–6 units. In patients with recurrent episodes of hypoglycemia during dialysis, it was recommended to avoid medication or insulin administration on the morning of the dialysis day, and to administer the medication or insulin immediately before a meal after dialysis. Patients who did not have hypoglycemia during dialysis but who developed hyperglycemia after dialysis were instructed to take additional medication or administer additional insulin after dialysis. The treatment interventions for each of all patients are shown in Supplementary Table 1.



2.4. CGM

iPro2 CGM (MMT-7745) and Enlite glucose sensors MMT-7008A (Medtronic Minimed, Northridge, CA, USA) were used to assess glycemic control. The enzyme-driven oxidation of glucose in the interstitial fluid generates a current that is recorded every 10 s and is stored every 5 min by the device. CGM was performed for seven consecutive days. The device was applied to the subcutaneous tissue of the anterior abdominal wall. Patients were asked to undergo SMBG at least three times per day during the CGM period for retrospective calibration. As the patients were blinded to real-time glucose levels, the CGM system was able to prevent the patients’ behavior from affecting the CGM results. The accuracy of the CGM device compared with that of the serum glucose levels had already been reported in several previous studies (10, 16).



2.5. Assessment of CGM metrics

Continuous glucose monitoring metrics were defined and assessed according to the International Consensus of the Advanced Technologies & Treatments for Diabetes Congress in February 2019 (17), as follows.


i) Mean glucose: CGM measured every 10 s and recorded every 5 min.

ii) Time in range (TIR): % of readings and time within the target glucose range of 70–180 mg/dL.

iii) Time below range (TBR): % of readings and time below a blood glucose level of 70 mg/dL.

iv) Time above range (TAR): % of readings and time above a blood glucose level of 180 mg/dL.

v) Over-area under the curve (AUC) above 180 mg/dL: The AUC for glucose levels measured above 180 mg/dL by CGM was assessed.

vi) Standard deviation (SD): one of the indicators of glycemic variability. SD is a measure of the spread of glucose readings around the average.

vii) % Coefficient of variation (%CV): one of the indicators of glycemic variability. %CV was obtained by dividing SD by the mean glucose and multiplying by 100 to obtain a percentage.





2.6. Glycated hemoglobin A1c

Blood samples were obtained at the initiation of a dialysis session on the day preceding CGM for each study period. HbA1c levels were measured using high-performance liquid chromatography. Since HbA1c reflects the average blood glucose levels for 2–3 months, the study conducted at 12 weeks intervals to determine the improvement of average blood glucose levels without overlap between T0 and T1.



2.7. Laboratory data

Blood samples were obtained at the start of a dialysis session on the day preceding CGM during T0. The hemoglobin, hematocrit, blood urea nitrogen, serum creatinine, serum total protein, serum albumin, high-sensitivity C-reactive protein, serum iron, serum ferritin, total iron binding capacity, and transferrin saturation levels were measured. Renal function was assessed by modification of diet in renal disease-estimated glomerular filtration rate (MDRD-eGFR). The Kt/V was obtained as a value automatically calculated by the electronic medical system.



2.8. Statistical analysis

Continuous variables are presented as means ± SDs. Categorical variables are expressed as frequencies and percentages. The paired t-test was used to compare the glycemic markers of the baseline and follow-up studies with a normal distribution. The Wilcoxon signed-rank test was used to compare the glycemic markers of the baseline and follow-up studies with a non-normal distribution. A P-value < 0.05 was considered to be the limit of statistical significance. All statistical analyses were performed using Statistical Package for the Social Sciences software version 24 (IBM Inc., Armonk, NY, USA).




3. Results


3.1. Basic demographics and clinical characteristics

Twenty patients were enrolled in this study, but two patients dropped out between T0 and T1 due to acute inflammatory disease and gastrointestinal bleeding. Thus, 18 patients were analyzed. The basic demographic and clinical characteristics of the patients are presented in Table 1. The mean age was 62.0 ± 11.2 years, male/female ratio was 13 (72.2%)/5 (27.8%), and mean BMI was 23.9 ± 3.3 kg/m2. Hypertension was the most common comorbidity in this study (16 patients, 88.9%). Eight (44.4%) and two (11.1%) patients had a history of coronary artery disease and cerebral vascular accidents, respectively. The mean dialysis duration was 5.2 ± 3.5 years. Among the 18 patients, only one had type 1 diabetes, and the mean diabetes duration was 22.9 ± 7.0 years. Ten patients (55.6%) were on insulin therapy, including multiple subcutaneous insulin injections (n = 5), premixed insulin (n = 2), premixed insulin plus oral antidiabetic agents (OAD) (n = 2), or basal insulin plus OAD (n = 1). Eight patients (44.4%) were on OAD alone. Sixteen patients (88.9%) were on ESA for the treatment of anemia, and eight patients each were on erythropoietin (EPO) and darbepoetin alfa. The mean EPO dose of ESA was 6781.3 ± 5689.1 IU/week.


TABLE 1    Basic demographics and clinical characteristics.
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Based on the laboratory findings, the mean hemoglobin and hematocrit levels were 10.2 ± 0.9 g/dL and 31.4 ± 2.4%, respectively. Regarding renal function, the mean serum creatinine levels and MDRD-eGFR were 10.0 ± 2.4 mg/dL and 5.2 ± 1.2 mL/min/1.73 m2, respectively. The mean serum total protein and albumin levels were 6.9 ± 0.7 g/dL and 4.1 ± 0.3 g/dL, respectively, and the mean Kt/V was 1.41 ± 0.18.

All patients underwent hemodialysis with a dialysate of the same glucose concentration (175 mg/dL) because of our center’s central dialysis fluid delivery system.



3.2. Changes in glycemic markers and CGM metrics

Changes in glycemic markers and CGM metrics are presented in Figure 2. The mean HbA1c value decreased statistically significantly from 7.4 ± 1.3% during T0 to 6.9 ± 1.2% during T1 (P = 0.023). Regarding CGM metrics, the mean blood glucose levels decreased statistically significantly from 179.1 ± 42.3 mg/dL during T0 to 153.2 ± 25.6 mg/dL during T1 (P = 0.001). The mean percentage of readings and time per day in TIR significantly increased (55.6 ± 26.7 and 11.2 ± 6.6 during T0 vs. 70.5 ± 15.9% and 14.6 ± 4.4 h during T1; P < 0.001). In addition, the Over-AUC significantly decreased from 29.9 ± 26.5 mg/dL/day during T0 to 12.7 ± 10.1 mg/dL/day during T1 (P = 0.001). Regarding glycemic variability indicators, SD significantly decreased from 55.7 ± 19.8 mg/dL during T0 to 42.6 ± 15.3 mg/dL during T1 (P = 0.001). %CV significantly decreased from 30.5 ± 7.3% during T0 to 25.5 ± 5.5% during T1 (P < 0.001). The TBR and AUC values below 70 mg/dL were very low, with no statistically significant changes between T0 and T1.
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FIGURE 2
Changes in glycemic markers and continuous glucose monitoring (CGM) metrics. (A) Glycated hemoglobin A1c (HbA1c) during baseline (T0) and follow-up (T1) (P = 0.023). (B) The mean glucose levels using CGM during T0 and T1 (P = 0.001). (C) The mean percentage of readings within time in range (TIR) during T0 and T1 (P < 0.001). (D) The over-area under the curve (AUC) during T0 and T1 (P = 0.001). (E) The standard deviation (SD) during T0 and T1 (P = 0.001). (F) Percentage coefficient of variation (%CV) during T0 and T1 (P < 0.001). P-values were calculated using the paired t-test or the Wilcoxon signed-rank test. *P < 0.05 was considered statistically significant.




3.3. Changes in CGM metrics according to the day with or without hemodialysis sessions

For each patient, CGM metrics were assessed for at least 2 days each on the hemodialysis-on day and the hemodialysis-off day. The changes in the CGM metrics according to the day with or without hemodialysis sessions are presented in Figure 3. The blood glucose levels from 1 h before dialysis to 4 h after dialysis on a hemodialysis-on day were compared to those during the same time period on a hemodialysis-off day.
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FIGURE 3
Changes in continuous glucose monitoring (CGM) metrics on days with or without hemodialysis sessions. (A) The difference in mean glucose levels between the hemodialysis-on and hemodialysis-off days during baseline (T0) and follow-up (T1). (B) The difference in mean percentage of readings within time in range (TIR) between the hemodialysis-on and hemodialysis-off days during T0 and T1. (C) The difference in over-area under the curve (AUC) between the hemodialysis-on and hemodialysis-off days during T0 and T1. (D) The difference in standard deviation (SD) between the hemodialysis-on and hemodialysis-off days during T0 and T1. (E) The difference in percentage the coefficient of variation (%CV) between the hemodialysis-on and hemodialysis-off days during T0 and T1. P-values were calculated using the paired t-test or the Wilcoxon signed-rank test. *P < 0.05 was considered statistically significant.


During T0, the mean blood glucose level on the hemodialysis-on day was statistically significantly lower than that on the hemodialysis-off day (174.7 ± 46.5 vs. 184.7 ± 50.5 mg/dL, P = 0.001). The mean percentage of readings and time per day in TIR on the hemodialysis-on day were all statistically significantly higher than those on the hemodialysis-off day (60.3 ± 27.2 and 14.0 ± 6.8 vs. 55.4 ± 33.2% and 13.2 ± 7.8 h, P = 0.016). The Over-AUC on the hemodialysis-on day was statistically significantly lower than that on the hemodialysis-off day (23.5 ± 26.1 vs. 30.3 ± 31.3 mg/dL/day, P = 0.001). Regarding glycemic variability indicators, SD on the hemodialysis-on day was statistically significantly higher than that on the hemodialysis-off day (46.9 ± 21.5 vs. 39.5 ± 20.6 mg/dL, P = 0.007). %CV on the hemodialysis-on day was statistically significantly higher than that on the hemodialysis-off day (27.8 ± 10.9 vs. 19.7 ± 7.2%, P = 0.001).

During T1, the mean blood glucose levels significantly decreased on both the hemodialysis-on and hemodialysis-off days, as compared to those values during T0 (174.7 ± 46.5 vs. 154.6 ± 29.7 mg/dL, P = 0.001; 184.7 ± 50.5 vs. 156.3 ± 28.7 mg/dL, P < 0.001, respectively), and consequently there were no statistically significant differences between the hemodialysis-on and hemodialysis-off days during T1 (P = 0.638). The mean percentages of readings in TIR significantly increased on both the hemodialysis-on and hemodialysis-off days, as compared to those values during at T0 (60.3 ± 27.2 vs. 69.3 ± 24.8%, P = 0.016; 55.4 ± 33.2 vs. 73.1 ± 23.8%, P < 0.001, respectively), and consequently there were no statistically significant differences between the hemodialysis-on and hemodialysis-off days during T1 (P = 0.511). The Over-AUC significantly decreased on both the hemodialysis-on and hemodialysis-off days compared to those values during T0 (25.3 ± 26.1 vs. 11.1 ± 12.8 mg/dL/day, P = 0.001; 30.3 ± 31.3 vs. 9.8 ± 11.6 mg/dL/day, P < 0.001, respectively), and consequently there were no statistically significant differences between the hemodialysis-on and hemodialysis-off days during T1 (P = 0.637). Regarding indicators of glycemic variability, SD was statistically significantly decreased on both the hemodialysis-on and hemodialysis-off days compared to those values during T0 (46.9 ± 21.5 vs. 33.2 ± 14.6, P = 0.009; 39.5 ± 20.6 vs. 32.3 ± 13.3, P = 0.002, respectively), and consequently, there were no statistically significant differences between the hemodialysis-on and hemodialysis-off days during T1 (P = 0.384). %CV significantly decreased on the hemodialysis-on day during T1 compared to that during T0 (27.8 ± 10.9 vs. 21.4 ± 9.2, P = 0.014), and there was no statistically significant difference between the hemodialysis-on and hemodialysis-off days during T1 (P = 0.166).

The changes in blood glucose patterns in patients with frequent hypoglycemia (Patient 1) and frequent hyperglycemia (Patient 2) are presented in Figure 4. Patients 1 had frequent episodes of hypoglycemia during dialysis and Patient 2 developed persistent hyperglycemia, respectively. Both patients showed high glycemic variability and did not meet the recommended TIR values (Patient 1; SD 80 mg/dL, %CV 35%, and TIR 32%, Patient 2; SD 70 mg/dL, %CV 31%, and TIR 11%). During T1, hypoglycemia during the dialysis session was improved in Patient 1, and the blood glucose level decreased on the hemodialysis-on and off days in Patient 2. In both patients, the percentage of readings and time per day within the TIR increased, and glycemic variability was improved (Patient 1; SD 36 mg/dL, %CV 19%, and TIR 52%, Patient 2; SD 51 mg/dL, %CV 21%, and TIR 52%).
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FIGURE 4
Changes in blood glucose patterns of each patient with hypoglycemia or hyperglycemia. (A) Patient 1 frequently had hypoglycemia, with blood glucose levels below 70 mg/dL, during dialysis. After treatment intervention using continuous glucose monitoring (CGM), hypoglycemia during dialysis was improved. (B) Patient 2 frequently had hyperglycemia, with a blood glucose level above 250 mg/dL, regardless of dialysis. After treatment intervention using CGM, hyperglycemia was improved on the hemodialysis-on and off days.





4. Discussion

Continuous glucose monitoring is reportedly more useful as a blood glucose monitoring or assessment tool than SMBG, HbA1c, and fructosamine in patients with diabetes undergoing hemodialysis (5, 15, 18–20). Our study indicated that CGM could be used to improve the blood glucose levels and monitor or assess blood glucose. First, through the treatment intervention based on CGM metrics, both the mean glucose and HbA1c levels were significantly decreased, indicating overall improvement in the blood glucose levels. Treatment intervention was performed individually for each patient. Patients who had hypoglycemia on the day of hemodialysis on CGM results were advised to take OAD or insulin after an afternoon meal. Patients with hyperglycemia regardless of hemodialysis were prescribed increased OAD or insulin. In the diary record, patients who frequently ate snacks or late-night meals were given individual education on the importance of glycemic control and were instructed to reduce snacks and late-night meals. A strong correlation of SMBG with the blood glucose levels in CGM has already been reported in previous studies, but findings on the correlation between the HbA1c and blood glucose levels in CGM among patients undergoing hemodialysis were heterogeneous across studies (20–23). In the present study, treatment intervention based on CGM metrics made it possible to improve the mean glucose and HbA1c levels. Comparing CGM metrics at baseline with those after treatment intervention, the mean percentage of readings and time per day within TIR increased and Over-AUC decreased. Although no standard target for CGM metrics has been established to date, the mean percentage of TIR over 70% is the recommended goal suggested by international consensus (17). The value of TIR 70% has been reported to correspond to an HbA1c of approximately 6.7 or 7% (24, 25). In our study, HbA1c after treatment intervention, based on CGM metrics, was 6.9 ± 1.2%, consistent with those findings. Patients included in the present study tended to have hyperglycemia and experienced an improvement in hyperglycemia with CGM-based treatment intervention. Improving hyperglycemia is important to delay the progression of micro- and macrovascular complications and improve the survival rate in patients with diabetes (26, 27).

In the present study, both SD and %CV as indicators of glycemic variability decreased after CGM-based treatment intervention. Several studies have reported the effects of glycemic variability on various diseases, such as nephropathy, retinopathy, neuropathy, diabetic foot ulcer, chronic obstructive pulmonary disease, and Alzheimer’s disease (4, 28–32). In addition, the correlation between glycemic variability and markers of vascular endothelial dysfunction, such as baroreflex sensitivity, excessive glycation, and the generation of oxidative stress, has been previously reported (33, 34). Recent systematic reviews have suggested that glycemic variability may be an independent risk factor for micro- and macrovascular complications and mortality (13, 19).

We identified differences in the blood glucose patterns according to hemodialysis. In the baseline study period, the mean glucose levels on the hemodialysis-on day were significantly lower than those on the hemodialysis-off day. However, both SD and %CV, as glycemic variability indicators, were higher on the hemodialysis-on day than on the hemodialysis-off day. Two patients (11.1%) had asymptomatic hypoglycemia during hemodialysis and another two patients (11.1%) had asymptomatic hypoglycemia within 2 h after the end of hemodialysis. Several previous studies have reported that the mean blood glucose levels were significantly lower on the hemodialysis-on day than on the hemodialysis-off day, and the frequency of hypoglycemia was higher on the hemodialysis-on day than on the hemodialysis-off day (6, 15, 22, 35). Because of this phenomenon, glycemic treatment to prevent hypoglycemia during dialysis was administered to most patients before enrollment in the present study. Therefore, the mean glucose levels and the AUC were significantly higher on the hemodialysis-off day than on the hemodialysis-on day during the baseline period. We speculate that several factors, such as intradialytic hypoglycemia, treatment for preventing intradialytic hypoglycemia, and hyperglycemia on the hemodialysis-off day, could lead to poor glycemic control and glycemic variability in patients with diabetes undergoing hemodialysis. In the present study, it was observed that the overall blood glucose levels and glycemic variability were improved by analyzing blood glucose patterns according to dialysis for each patient and individualizing treatment based on CGM metrics.

In patients with ESKD, glucose metabolism and increased insulin resistance are altered by multifactorial mechanisms, including chronic inflammation, oxidative stress, vitamin D deficiency, metabolic acidosis, anemia, decreased glucose uptake in the liver and muscle, increased gluconeogenesis and lipogenesis in the liver, and decreased glycogen and protein synthesis in the muscle (36). In addition, renal dysfunction leads to changes in the pharmacokinetics of exogenous insulin and oral antidiabetic agents, resulting in increased frequency of hypo- and hyperglycemia. In patients undergoing hemodialysis, blood glucose is rapidly removed through the dialyzer, and hypoglycemia can occur within 2–3 h after hemodialysis initiation (15). Hypoglycemia may stimulate the secretion of counter-regulatory hormones, such as glucagon, epinephrine, and cortisol, leading to rebound hyperglycemia after dialysis (36, 37). Excess glucose fluctuations can alter cardiovascular function. Hypoglycemia can stimulate catecholamines release, leading to increased myocardial contractility, myocardial workload, and oxygen consumption (37). Hyperglycemia also results in increased oxidative stress, inflammation, cell death, and glucotoxicity effects, which results in endothelial dysfunction and affects the microvasculature (38).

A recent study suggested a treatment paradigm shift from the triad goal, including fasting glucose, postprandial glucose, and HbA1c, to the pentad goal, where glycemic variability and quality of life are added to the abovementioned triad (39). In particular, a more flexible treatment strategy is required for glycemic control because of the changes in glucose and insulin metabolism caused by various factors in patients with diabetes undergoing hemodialysis.

In addition, several studies have reported that blood glucose control using CGM was cost-effective than SMBG, although the medical cost system and health insurance system differ from country to country (40–44). It has been associated with reduced insulin use, lower incidence of complications, increased life expectancy, and improved quality-of-life. CGM can be a tool of a cost-effective disease management option.

Our study had some limitations. First, it was a single-center study with a small number of patients. Second, a comparison rebound with SMBG during the study period would have been more helpful for identifying the usefulness of CGM as a tool for improving glycemic control. Nevertheless, several studies have reported a strong correlation between SMBG and CGM (20–23). Our center offers the “Education program for all of diabetes” for first-time diagnosed diabetes patients. This program contains information about SMBG and writing a diary. The mean diabetes duration among patients participating in this study was 22.9 ± 7.0 years, and the shortest duration was 7.5 years. Therefore, all patients who participated in this study performed SMBG and writing a glucose diary regularly as usual before enrollment in this study. Based on this, it may be said that the mean glucose levels, HbA1c levels, and CGM metrics of the baseline period (T0) indirectly showed the results of the SMBG-based treatment. In addition, since SMBG and writing a glucose diary were not new monitoring methods added during the study, they would have had little effect on the positive results. Finally, as hypoglycemia occurred relatively rarely in the present study, it was difficult to determine whether CGM could significantly reduce hypoglycemia. Instead, uncontrolled hyperglycemia was improved without an increase in hypoglycemia events, resulting in improvements in glycemic variability.

To the best of our knowledge, only a few CGM-based treatment intervention studies have been conducted in patients undergoing hemodialysis. In the first study, 28 patients with diabetes on hemodialysis showed significant improvement in the HbA1c levels from 8.4 to 7.6% after 3 months (5). In that study, patients were monitored with CGM for 54 h; however, in our study, patients were monitored with CGM for 7 days. In the second study, 15 patients with diabetes on hemodialysis had glucose control based on SMBG for 6 weeks, followed by CGM-based management for another 6 weeks (6). They showed that tighter blood glucose control was achieved, without an increase in hypoglycemia, using CGM rather than SMBG. In the present study, the difference in blood glucose patterns between the hemodialysis-on and hemodialysis-off days was analyzed, and this allowed individualized patient treatment. Above all, in the present study, our center’s central dialysis fluid delivery system could reduce bias affecting the blood glucose levels by supplying dialysate with the same glucose concentration to all patients.



5. Conclusion

The present study suggested that CGM could be a promising tool for individualizing treatment strategies for glycemic variability and improving blood glucose levels in patients with diabetes undergoing hemodialysis, in whom glycemic control is complex and difficult. Larger scale and longer studies are needed to confirm the usefulness of CGM for improving clinical outcomes, and mortality in patients with ESKD.
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Variables Patients (n = 18)

Age at diagnosis (years), mean £ SD 620+ 11.2
Sex, male/female, 1 (%) 13 (72.2)/5 (27.8)
BMI (kg/mz), mean =% SD 239433

Comorbid diseases, n (%)

HTN 16 (88.9)
CAD 8 (44.4)
CVA 2(11.1)
Dialysis duration (years), mean + SD 54435
Type of diabetes mellitus, Type 1/Type 2, n (%) 1(5.6)/17 (94.4)
Diabetes duration (years), mean & SD 2294+7.0

Diabetes medication, n (%)

OAD 8 (44.4)
MSII 5(27.8)
Premix insulin 2(11.1)
Premix insulin + OAD 2(11.1)
Basal insulin + OAD 1(5.5)

Use of ESA, n (%)

EPO 8 (40)
DA 8 (40)
Dose of ESA, as EPO (IU/week) 6781.3 £ 5689.1

Laboratory findings

Hb at T0/T1 (g/dL), mean & SD 10.2+0.9/109 £ 1.1
Hct at TO/T1 (%), mean & SD 31.44+24/335+£3.2
BUN (mg/dL), mean + SD 69.1+21.0

Cr (mg/dL), mean £ SD 10.0 £ 2.4
MDRD-eGFR (mL/min/1.73 m?), mean + SD 52412
Serum total protein at TO/T1 (g/dL), mean & SD 6.9+0.7/6.9+0.8
Serum albumin at T0/T1 (g/dL), mean & SD 4.14+03/41+£03
hs-CRP at T0/T1 (mg/dL), mean £ SD 0.7+ 1.4/034+0.2
Serum iron (pg/dL), mean + SD 52.8+17.7
Serum ferritin (ng/dL), mean & SD 270.1 &£ 206.6
TIBC (pg/dL), mean £ SD 253.2 +48.6
TSAT (%), mean £ SD 21.84+9.2
Kt/V at TO/T1, mean £ SD 1.4140.18/1.45+0.16

SD, standard deviation; BMI, body mass index; HTN, hypertension; CAD, cardiovascular
disease; CVA, cerebrovascular accident; OAD, oral antidiabetic agents; MSII, multiple
subcutaneous insulin injection; ESA, erythropoiesis stimulating agent; EPO, erythropoietin;
DA, darbepoetin alfa; IU, international unit; Hb, hemoglobin; Hct, hematocrit; BUN, blood
urea nitrogen; Cr, creatinine; MDRD-eGFR, modification of diet in renal disease estimated
glomerular filtration rate; hs-CRP, high-sensitivity C-reactive protein; TIBC, total iron
binding capacity; TSAT, transferrin saturation.






