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Abstract: Diabetic nephropathy is the leading cause of dialysis therapy worldwide. The number of
diabetes patients on dialysis in clinical settings has been increasing in Japan. In 2013, the Japanese
Society for Dialysis Therapy (JSDT) published the “Best Practice for Diabetic Patients on Hemodialysis
2012”. While glycated hemoglobin (HbA1c) is used mainly as a glycemic control index for dialysis
patients overseas, Japan is the first country in the world to use glycated albumin (GA) for assessment.
According to a survey conducted by the JSDT in 2018, the number of facilities measuring only
HbA1c has decreased compared with 2013, while the number of facilities measuring GA or both
has significantly increased. Ten years have passed since the publication of the first edition of the
guidelines, and several clinical studies regarding the GA value and mortality of dialysis patients
have been reported. In addition, novel antidiabetic agents have appeared, and continuous glucose
monitoring of dialysis patients has been adopted. On the other hand, Japanese dialysis patients are
rapidly aging, and the proportion of patients with malnutrition is increasing. Therefore, there is great
variation among diabetes patients on dialysis with respect to their backgrounds and characteristics.
This review covers the indices and targets of glycemic control, the treatment of hyperglycemia, and
diet recommendations for dialysis patients with diabetes.

Keywords: antidiabetic agents; burnt-out diabetes; continuous glucose monitoring; diabetes mellitus;
dialysis; glycated albumin; glycated hemoglobin; glycemic control

1. Introduction

Diabetes is, globally, the leading cause of end-stage kidney disease (ESKD) for patients
on dialysis. In Japan, diabetic nephropathy has been the most common cause of ESKD since
1998, accounting for 42.3% of the incidence of dialysis patients in 2018 [1]. Furthermore, the
rate of diabetic nephropathy was 39.0% in all dialysis patients in 2018 [1]. Although many
dialysis patients have diabetes, there are no guidelines for the management of diabetes
patients on dialysis. Therefore, the Japanese Society for Dialysis Therapy (JSDT) published
the “Best Practice for Diabetic Patients on Hemodialysis 2012” [2]. Glycated hemoglobin
(HbA1c) is commonly used worldwide as an index of glycemic control for dialysis patients.
However, it has been demonstrated that it does not provide accurate glycemic control in
patients on hemodialysis (HD) [3–5]. In addition to the shortened red-blood-cell lifespan
(approximately 60 days), patients experience blood loss and hemorrhage due to HD therapy,
and the administration of erythropoiesis-stimulating agents (ESAs) for the treatment of
renal anemia increases the proportion of immature erythrocytes. Therefore, in HD patients,
the HbA1c levels tend to be lower. On the other hand, it was reported that glycated albumin
(GA) is a useful control index instead of HbA1c because it is not affected by the lifespan of
red blood cells or ESA treatment [3–5]. Therefore, the “Best Practice for Diabetic Patients on
Hemodialysis 2012” of JSDT first recommended GA as an indicator of glycemic control for
HD patients with diabetes. The guidelines describe the management required for diabetes
HD patients: (1) indices of glycemic control and its frequency of measurement; (2) glucose
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concentrations in dialysate; (3) approach of hyperglycemia and hypoglycemia during HD;
(4) treatment by oral antidiabetic agents and insulin; (5) diet therapy; and (6) management
of complications such as diabetic retinopathy, orthostatic hypotension, arteriosclerosis,
and bone diseases [2]. However, in the ten years that have passed since the publication of
the first edition, the background of diabetes patients on dialysis has changed and novel
treatments have emerged; hence, revision is required. This review covers the indices and
targets of glycemic control, the treatment of hyperglycemia, and diet recommendations for
dialysis patients with diabetes.

2. Which Glycemic Index, GA or HbA1c, Demonstrates Better Performance in
Dialysis Patients?

In HD patients, GA is a better indicator of glycemic control than HbA1c, which is
known to underestimate and not accurately reflect mean blood-glucose levels [3–5]. HbA1c
in HD patients is influenced by various factors, such as shortened erythrocyte lifespan, ESA
for the treatment of renal anemia, the administration of iron preparations, uremia, and blood
transfusion, thus potentially resulting in inaccurate measurements. ESA administration or
iron supplementation can rapidly reduce HbA1c levels without improving glycemic control.
The stimulation of erythropoiesis increases the proportion of young erythrocytes compared
to old erythrocytes and leads to a decrease in HbA1c levels. GA is more strongly correlated
with plasma glucose levels than HbA1c and is unaffected by red-blood-cell lifespan or ESA
administration, making it a more reliable indicator of glycemic control in HD patients [6].

3. Target GA Levels in Hemodialysis Patients from Observational Studies and
Meta-analyses

An association between GA levels and outcomes in HD patients with diabetes has
been reported in multiple observational studies conducted in Japan. It has been reported
that the incidence of cardiovascular complications is higher in HD patients with diabetes
with GA levels ≥23% [7], and poor glycemic control in patients with GA levels ≥29% at
the time of dialysis initiation is associated with increased cardiovascular morbidity and
shortened survival [8]. It was reported that the prognosis appeared better in a group of
patients with GA <20% without a history of cardiovascular events upon the start of the
observation compared with higher GA groups (20.0–24.5% and >24.5%) [9]. There are
also some studies from the United States that report associations between GA level, the
onset of cardiovascular events [10], prognosis [10,11], admission rate [11], and duration
of hospitalization in dialysis patients with diabetes [12]. Based on these results, the “Best
Practice for Diabetic Patients on Hemodialysis 2012” recommends GA levels <20.0% as
the tentative target values for glycemic control in HD patients with diabetes. However, in
patients with cardiovascular disease or who have a tendency toward hypoglycemia, GA
levels < 24.0% are recommended [2]. More recently, it was reported in Taiwan that higher
GA levels might be predictors of mortality not only for patients with diabetes on HD but
also those without diabetes [13].

In 2018, the JSDT Renal Data Registry Committee (JRDR) reported an association
between a glycemic control indicator and prognosis based on an investigation on 22,441
HD patients with diabetes [14]. The patients were stratified by deciles of the baseline GA
level and HbA1c level and analyzed for the potential association with one-year mortality, a
prognostic indicator for HD patients with diabetes. As a result, the groups with GA levels
≥22.9% had significantly higher adjusted hazard ratio (HR) values than the reference, with
GA levels of 17.1 to <18.2% (Figure 1). Meanwhile, the groups with HbA1c of <5.3% and
≥7.6% had a significantly higher adjusted HR than the reference, with HbA1c levels of
6.0% to <6.3%, demonstrating a U-shaped trend for the HR (Figure 1) [14]. The JRDR also
reported the association between three-year mortality and GA levels in 40,417 HD patients
with diabetes [15]. In that report, three-year mortality showed a linear association with
GA levels ≥ 18%, whereas this association was not observed between lower GA levels
and three-year mortality. In malnourished patients treated with oral antidiabetic agents,
increased mortality was associated with GA levels ≥ 24%. These results suggest a need
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to set the target GA value for glycemic control based on consideration of such factors as
the use of antidiabetic agents, nutritional status, and patient background, such as cancer
development status.
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Figure 1. Hazard ratios of all-cause mortality divided by deciles of GA levels and HbA1c levels in
22,441 hemodialysis patients. Adjusted variables include age, sex, vintage, modality, body mass
index, smoking, type of diabetes, antihypertensive agents use, type of hypoglycemic agent use,
hemoglobin, albumin, C-reactive protein, parathyroid hormone, calcium, phosphate, high-density
lipoprotein, Kt/V, normalized protein catabolic rate, history of cardiovascular disease, and type of
dialysis center. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. Ref. (Adjusted).

Furthermore, based on the multicenter prospective observational study of 841 chronic
dialysis patients with diabetes for a mean study period of 3.1 years, GA levels could be
a prognostic factor in predicting atherosclerotic cardiovascular disease (ASCVD)-related
mortality [16]. Overall, it was suggested that GA might be a more suitable parameter than
HbA1c for accurately predicting the prognosis of dialysis patients with diabetes.

In 2018, the results of a meta-analysis were reported. The relationship between average
blood glucose levels and HbA1c and GA levels was investigated [17]. The meta-analysis
included 24 studies with 3928 patients, and it was concluded that GA was superior to
HbA1c in assessing glycemic status in diabetes patients with advanced chronic kidney
disease (CKD), including CKD stages 4 and 5 and dialysis. Furthermore, the results of
another meta-analysis, including 12 studies with 25,932 dialysis patients, demonstrated
that GA can be an effective indicator for predicting the prognosis of dialysis patients with
diabetes [18].

4. Current Glycemic Status in Diabetes Patients on Dialysis

Although JSDT presented the “Best Practice for Diabetic Patients on Hemodialysis
2012” in Japan in 2013, the annual dialysis data report for 2013 by JRDR found that 53.5%
of dialysis patients with diabetes had been assessed based on GA measurement, whereas
46.5% of the patients had been assessed solely on the basis of HbA1c at the end of 2013 [19].
The 2013 survey examined HbA1c and GA levels, while the 2018 survey also examined
casual plasma glucose levels in addition to HbA1c and GA. The proportion of patients who
were assessed according to GA was 75.9%, whereas the proportion for HbA1c only was
24.1%. Thus, the popularity of GA measurements has increased in Japan [20]. In addition,
glycemic indices were investigated in two treatment groups, which were the hemodialysis,
including HD and HDF patients, and the peritoneal dialysis (PD) groups.

Casual plasma glucose levels were measured in 111,005 patients of 160,021 diabetes
patients on dialysis. The casual plasma glucose levels in the HD and HDF groups were
151.5 ± 56.1 and 150.8 ± 55.4 mg/dL, respectively, while those in the PD group were
140.3 ± 53.4 mg/dL, lower than those in HD and HDF patients. The mean casual plasma
glucose levels were equivalent between the HD and HDF patients. In total, 84.4% of the
diabetes patients on HD and HDF achieved the target casual plasma glucose levels of
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below 200 mg/dL (Figure 2). On the other hand, 89.1% of the PD patients achieved casual
plasma glucose levels of <200 mg/dL, and this rate was higher than that of the hemodial-
ysis patients. Casual plasma glucose levels < 50 mg/dL, a finding suggestive of severe
hypoglycemia, was observed in 237 hemodialysis patients (0.2%), but only 1 PD patient.
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Figure 3. Glycated albumin (GA) levels of diabetes patients on hemodialysis and peritoneal dialysis 

in 2018. 

Figure 2. Casual plasma glucose levels of diabetes patients on hemodialysis and peritoneal dialysis
in 2018.

The GA levels were 16.9% ± 4.4% for the PD group and 20.9% ± 5.1% for the HD
group. The levels were clearly lowered in the PD group irrespective of whether the plasma
glucose levels were equivalent between the two groups (Figure 3). This finding suggests
that the half-life of serum albumin is shortened in PD patients due to the loss of albumin
into PD fluid. The target GA level of less than 20.0%, which is recommended in the “Best
Practice for Diabetic Patients on Hemodialysis 2012”, was achieved in 51.4% in 2018, which
is more than the 46.6% in the 2013 survey. In total, 80.4% of the patients achieved the target
GA level of <24.0%, which is the target for patients with a history of cardiovascular diseases
or who are prone to hypoglycemia.
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Figure 3. Glycated albumin (GA) levels of diabetes patients on hemodialysis and peritoneal dialysis
in 2018.

According to the 2018 survey, the average HbA1c values were almost equivalent
between the three groups of PD, HD, and HDF, at 6.14% ± 1.11%, 6.17% ± 1.16%, and
6.23% ± 1.19%, respectively. These values are similar to the value of 6.19% ± 1.16% in the
2013 survey. As shown in Figure 4, when the patients were divided into groups according
to HbA1c levels and the distribution ratios compared, there was no difference in the ratios
between the two groups. This finding suggests that the HbA1c levels were apparently
lowered in all of the dialysis patients because both the HD and the PD patients had renal
anemia and were treated with ESAs.



Kidney Dial. 2022, 2 499

Kidney Dial. 2022, 2 499 
 

 

According to the 2018 survey, the average HbA1c values were almost equivalent be-

tween the three groups of PD, HD, and HDF, at 6.14% ± 1.11%, 6.17% ± 1.16%, and 6.23% 

± 1.19%, respectively. These values are similar to the value of 6.19% ± 1.16% in the 2013 

survey. As shown in Figure 4, when the patients were divided into groups according to 

HbA1c levels and the distribution ratios compared, there was no difference in the ratios 

between the two groups. This finding suggests that the HbA1c levels were apparently 

lowered in all of the dialysis patients because both the HD and the PD patients had renal 

anemia and were treated with ESAs.  

 

Figure 4. Glycated hemoglobin (HbA1c) levels of diabetes patients on hemodialysis and peritoneal 

dialysis in 2018. 

5. Association between GA Levels and Mortality in PD Patients 

There are few reports examining the relationship between GA values and mortality 

in PD patients. It was reported that the GA levels are 4.5% lower in PD than in HD patients 

[21]. Nevertheless, there are reports that, compared with HbA1c, GA more accurately re-

flects glycemic control in PD patients and is associated with prognosis. In addition, JRDR 

reported the results of analysis of the relationship between HbA1c and GA as indicators 

of glycemic control and 2-year mortality in PD patients [22]. Although no association was 

found between HbA1c and mortality, the hazard ratio of death significantly increased 

when the GA value was 20.0% or higher. However, there are few studies that have exam-

ined the relationship between GA levels and mortality in PD patients. Therefore, further 

evidence is needed to substantiate this relationship. 

6. Limitations of GA 

GA levels are affected not only by plasma glucose levels but also by albumin metab-

olism. In patients with a prolonged albumin half-life, such as those with liver cirrhosis or 

untreated hypothyroidism, GA levels are increased [23,24]. Decreased GA levels may be 

found in patients with untreated hyperthyroidism or nephrotic syndrome [23,25]. Patients 

with proteinuria are known to have lower GA levels due to a shortened albumin half-life. 

In particular, proteinuria with nephrotic range, i.e., over 3.5 g/day, has been reported to 

decrease GA levels regardless of glycemic status [25]. Furthermore, GA can be falsely low-

ered in PD patients because the lifespan of albumin is shortened due to albumin loss into 

PD fluid [25,26]. 

7. ‘Burnt-Out Diabetes’ Phenomenon in Patients on Dialysis 

Diabetes patients undergoing dialysis due to diabetic nephropathy experience natu-

rally improved glycemic control and normal-to-low HbA1c levels with the worsening of 

kidney function and decline in residual kidney function after starting renal replacement 
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5. Association between GA Levels and Mortality in PD Patients

There are few reports examining the relationship between GA values and mortality in
PD patients. It was reported that the GA levels are 4.5% lower in PD than in HD patients [21].
Nevertheless, there are reports that, compared with HbA1c, GA more accurately reflects
glycemic control in PD patients and is associated with prognosis. In addition, JRDR
reported the results of analysis of the relationship between HbA1c and GA as indicators of
glycemic control and 2-year mortality in PD patients [22]. Although no association was
found between HbA1c and mortality, the hazard ratio of death significantly increased when
the GA value was 20.0% or higher. However, there are few studies that have examined the
relationship between GA levels and mortality in PD patients. Therefore, further evidence is
needed to substantiate this relationship.

6. Limitations of GA

GA levels are affected not only by plasma glucose levels but also by albumin metabolism.
In patients with a prolonged albumin half-life, such as those with liver cirrhosis or untreated
hypothyroidism, GA levels are increased [23,24]. Decreased GA levels may be found in
patients with untreated hyperthyroidism or nephrotic syndrome [23,25]. Patients with
proteinuria are known to have lower GA levels due to a shortened albumin half-life. In
particular, proteinuria with nephrotic range, i.e., over 3.5 g/day, has been reported to
decrease GA levels regardless of glycemic status [25]. Furthermore, GA can be falsely
lowered in PD patients because the lifespan of albumin is shortened due to albumin loss
into PD fluid [25,26].

7. ‘Burnt-Out Diabetes’ Phenomenon in Patients on Dialysis

Diabetes patients undergoing dialysis due to diabetic nephropathy experience nat-
urally improved glycemic control and normal-to-low HbA1c levels with the worsening
of kidney function and decline in residual kidney function after starting renal replace-
ment therapy, with or without antidiabetic agents. This phenomenon is called ‘burnt-out
diabetes’ [27–29].

In a 2-year cohort study of 23,618 diabetes patients on HD in the United States, 33%
of the patients had HbA1c < 6.0% [30]. When the HbA1c level of 5.0–5.9% was used as
a reference, the survival rate was significantly lower both for the group with HbA1c of
7.0% or higher and with HbA1c < 5.0%. In a 6-year cohort study of 54,757 diabetes patients
on dialysis in the United States, 40% of the patients had HbA1c of <6.0% [31]. When
HbA1c levels of 7.0–7.9% were used as a reference, the hazard ratio (HR) for all-cause
mortality increased with increasing HbA1c levels: 8.0–8.9% (HR 1.11), 9.0–9.9% (HR 1.36),
and 10% or more (HR 1.59). Furthermore, the HR for all-cause mortality increased with
decreasing HbA1c levels; 6.0–6.9% (1.05), 5.0–5.9% (HR 1.08), and <5.0% (HR 1.35). In the
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Dialysis Outcomes and Practice Patterns Study (DOPPS), the survival was significantly
lower in the HbA1c of ≥9.0%, <5.0%, 5–5.9%, and 6–6.9% groups when the HbA1c 7–
7.9% group was used as a reference [32]. However, when analyzed according to the
presence or absence of malnutrition, which was defined as BMI < 19 kg/m2, serum albumin
concentrations < 3.0 g/dL, or cachexia, the survival was significantly worse in patients
with HbA1c < 5% and malnutrition. Therefore, it was suggested that the patients with
lower HbA1c levels due to malnutrition might have poorer prognoses among patients
with ‘burnt-out diabetes’. As shown in Figure 5, there are several factors that induce
‘burnt-out diabetes’.
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Figure 5. Leading factors of ‘burnt-out diabetes’. BW, body weight; ESA, erythropoiesis stimulating
agent; HD, hemodialysis; RBC, red blood cell.

In dialysis patients who have renal anemia and are treated with ESAs, HbA1c levels
can be falsely lowered and, therefore, hyperglycemia overlooked. The two abovementioned
cohort studies conducted in the United States measured only the HbA1c levels; GA and the
use or non-use of antidiabetic agents were not investigated. Therefore, we conducted an
investigation in order to confirm the ‘true burnt-out diabetes’ based on HbA1c, GA levels,
and the use or non-use of antidiabetic agents according to the JRDR in 2013 [33]. When
‘burnt-out diabetes’ was defined as those who had HbA1c < 6.0% and were not treated
with antidiabetic agents, it was found in 20.7% of HD patients. However, if we defined
‘burnt-out diabetes’ as HbA1c < 6.0%, GA < 16.0% (which was the normal value), and
without antidiabetic medications, it was diagnosed in 5.4% of the patients. Therefore, the
prognosis for patients with ‘true burnt-out diabetes’ must be confirmed in the future.

8. Continuous Glucose Monitoring in Patients on Dialysis

Continuous glucose monitoring (CGM) measures interstitial fluid glucose-levels, indi-
rectly estimates plasma glucose concentrations, and provides estimates of average sensor
glucose values, glucose excursions, and time in range [34–38]. Previous studies have
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suggested that high mean glucose levels and glycemic abnormalities such as glucose fluctu-
ation and hypoglycemia accelerate the progression of atherosclerosis in patients with type
2 diabetes [39,40]. GA or HbA1c indicate only average plasma glucose levels and not fluc-
tuations in plasma glucose levels or hypoglycemia, both of which may play an important
role in the development of cardiovascular disease (CVD). However, CGM provides a subtle
picture of daily blood-glucose fluctuations over 24 h. Therefore, evaluating various aspects
of glycemic status may help identify patients with a high probability of developing CVD,
and may lead to improving patients’ outcomes. CGM is now frequently used to monitor
glycemic control and contributes to improvements in glycemic control in patients with type
1 and type 2 diabetes who are not on dialysis [41–43].

Not all CGM devices are approved for use in dialysis patients, because their efficacy
in dialysis patients has not yet been investigated (Table 1) [44–50]. However, many studies
have reported that CGM is adaptable for glucose monitoring in patients on dialysis [51–53].
Nevertheless, whether the glycemic control of patients on dialysis can be improved by
the use of CGM remains to be determined. Two reports suggested that CGM is useful
for dialysis patients. The use of CGM to adjust the insulin dose significantly decreased
sensor glucose levels at the 3-month follow-up [54]. Furthermore, a comparative study of
blood-glucose monitoring by finger prick and CGM was performed on dialysis patients.
Antidiabetic treatment was adjusted by the results of the blood-glucose monitoring by finger
prick and CGM. The adjustment of diabetes medications together with use of CGM was
associated with improvements in glycemic control but not in blood-glucose monitoring by
finger prick [55]. It has been reported that plasma glucose concentrations in dialysis patients
tend to be underestimated when inferred from HbA1c levels rather than CGM, GA, or
fructosamine [56–58]. Furthermore, the results of the meta-analysis revealed that there was
a significant correlation between CGM and the self-monitoring of blood-glucose levels [59].
Furthermore, CGM had similar correlations with HbA1c and GA values [59]. Although the
question of whether CGM variables can predict late-onset diabetic complications remains
to be established, CGM could play a useful role in modifying glycemic control in dialysis
populations. The efficiency of CGM, which can optimize glucose levels by detecting and
preventing hypoglycemia, is also worth investigating for patients on dialysis.

Table 1. Overview of CGM models.

Eversense
XL Dexcom G6 Dexcom G6

Pro
FreeStyle

Libre
FreeStyle
Libre Pro

Freestyle
Libre 2

Medtronic
Guardian Connect

Approved for CKD
(not on dialysis) Yes Yes Yes Yes Yes Yes Yes

Approved for
hemodialysis Yes No No Yes Yes No Yes

Approved for
peritoneal dialysis Yes No No Yes Yes No Yes

CGM, continuous glucose monitoring; CKD, chronic kidney disease.

An international consensus report in 2019 provided the targets of ‘time in range’ for
the general diabetes populations, such as those with type 1 and type 2 diabetes, and for
high-risk populations, including the elderly [34]. Dialysis patients are included in this
high-risk population. The guidelines recommend that dialysis patients should be within
the target range (70–180 mg/dL) at least 50% of the time and below the range (<70 mg/dL)
less than 1% of the time. However, this has not yet been fully evaluated in dialysis patients.
The CGM goals for the high-risk group are focused on reducing the time spent below
the target range even though they spend less time within the target range. Therefore,
the average plasma glucose level is allowed to rise, and this guideline emphasizes the
avoidance of hypoglycemia. However, it is unclear whether CGM can provide adequate
glycemic control to prevent late-onset diabetic complications in dialysis patients. KDIGO
highlights the unreliability of HbA1c in the dialysis population and recommends the
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use of CGM, especially for those treated with antidiabetic agents who are at high risk of
hypoglycemia [60].

CGM may be an effective tool for detecting hypoglycemia, lowering overall blood
glucose levels, and reducing daily fluctuation even in patients on dialysis. However, the
effects of long-term CGM use in dialysis patients have not been fully evaluated, and further
evaluations are required.

9. Peculiarities of Glycemic Control in Dialysis Patients

The disruption of blood glucose homeostasis occurs due to decreased renal function
in dialysis patients. Dialysis patients have increased insulin resistance due to uremia,
renal anemia, metabolic acidosis, and secondary hyperparathyroidism, and plasma glu-
cose levels tend to increase. On the other hand, the kidney produces a large amount of
gluconeogenesis secondary to the liver. Additionally, it also plays a role as an insulin
clearance organ as well as the liver. Therefore, hypoglycemia is likely to occur due to
reduced gluconeogenesis and insulin clearance in patients with impaired kidney function.
Therefore, while dialysis patients have impaired glucose tolerance, they are simultaneously
susceptible to hypoglycemia [61].

In addition, HD itself has a significant effect on plasma glucose levels. HD therapy
often starts when plasma glucose levels rise after a meal. In Japan, many facilities use
dialysate with a glucose concentration of 100 mg/dL, and plasma glucose is removed by
diffusion via a dialyzer after the start of HD. In particular, a rapid drop in plasma glucose
levels occurs in patients with higher plasma glucose levels before the start of HD. Therefore,
when plasma glucose levels exceed 100 mg/dL during a HD session, plasma glucose is
diffused from the plasma to the dialysate following the concentration gradient. Contrary to
theory, the countercurrent transit of plasma through the dialyzer reduces glucose levels
to less than 100 mg/dL at the post-dialyzer site in many patients [62]. This mechanism
assumes that the plasma glucose is diffused into erythrocytes. Plasma glucose may be
consumed within erythrocytes as a result of accelerated anaerobic metabolism, because
the erythrocyte cytosolic pH changes during HD [63]. This phenomenon is thus called
‘hemodialysis-induced hypoglycemia’.

On the other hand, insulin is adsorbed and removed by the dialyzer; therefore, the
concentration of plasma insulin is decreased after HD [63–66]. A rapid drop in plasma
glucose levels due to HD leads to stimulated secretion of counterregulatory hormones,
such as glucagon, growth hormone, and adrenocorticotropic hormone. These factors lead
to increased plasma glucose levels after HD. This phenomenon is called ‘hemodialysis-
associated hyperglycemia’ [61,67–69]. It is difficult to estimate the changes in plasma
glucose levels in HD patients, as the effect of factors vary depending on the individual case.

10. Medications for Glycemic Control in Diabetes Patients on Dialysis

Antidiabetic agents exert their pharmacological action and then disappear as they
are metabolized and excreted. However, the metabolism and excretion of antidiabetic
agents is impaired by deteriorated kidney function. In particular, agents whose active
metabolites are excreted by the kidney have a significant effect, requiring dose reduction,
careful administration, or are contraindicated. The “Best Practice for Diabetic Patients on
Hemodialysis 2012” states that sulfonylureas (SU), biguanides, and thiazolidinediones
are contraindicated in patients on dialysis [2]. The oral antidiabetic agents that can be
administered to dialysis patients are α-glucosidase inhibitors (α-GI), dipeptidyl peptidase-4
(DPP-4) inhibitors, mitiglinide, and repaglinide (rapid-acting insulin secretagogues) [2,70].
The dose recommendations for antidiabetic agents other than insulin are shown in Table 2.
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Table 2. Dose recommendation in diabetes patients on dialysis.

Classification Drug Regular Dose (mg/Day) Optimal Dose for Dialysis
Patients (mg/Day)

Sulfonylureas

Tolbutamide 250–2000 Contraindication
Acetohexamide 250–1000 Contraindication
Chlorpropamide 100–500 Contraindication
Glyclopyramide 250–500 Contraindication
Glibenclamide 1.25–10 Contraindication
Glipizide *1 2.5–20 Regular dose
Gliclazide 40–160 Regular dose *2

Glimepiride 0.5–6 Contraindication
Gliquidone *1 15–60 Regular dose

Fast-acting insulin
secretagogues

Nateglinide 270–360 Contraindication
Mitiglinide 15–30 Careful administration
Repaglinide 0.75–3 Careful administration

Biguanides Metformin 500–2250 Contraindication
Buformin 50–150 Contraindication

Thiazolidinediones Pioglitazone 15–45 Regular dose *2

α-Glucosidase inhibitors
Acarbose 150–300 Regular dose *3

Voglibose 0.6–0.9 Regular dose
Miglitol 150–225 Careful administration

DPP-4 inhibitors

Sitagliptin 50–100 12.5–25
Vildagliptin 50–100 Careful administration
Alogliptin 25 6.25
Linagliptin 5 Regular dose
Teneligliptin *4 20–40 Regular dose
Anagliptin *4 200–400 100
Saxagliptin 5 2.5
Trelagliptin *4 100 mg once a week 25 mg once a week
Omarigliptin *4 25 mg once a week 12.5 mg once a week

GLP-1 receptor agonist

Liraglutide 0.3–0.9 Careful administration
Exenatide 10–20 µg Contraindication
Exenatide 2 mg once a week Contraindication
Lixisenatide 10–20 µg Careful administration
Dulaglutide 0.75 mg once a week Regular dose
Semaglutide 0.25–1.0 mg once a week Regular dose
Semaglutide (oral) 3–14 mg Regular dose

SGLT2 inhibitor

Ipragliflozin *4 50–100 Avoid; not effective
Dapagliflozin 5–10 Avoid; not effective
Luseogliflozin *4 2.5–5 Avoid; not effective
Tofogliflozin *4 20 Avoid; not effective
Canagliflozin 100 Avoid; not effective
Empagliflozin 10–25 Avoid; not effective

*1 Not available in Japan. *2 Not recommended in Japan for patients on dialysis. *3 Not recommended in KDOQI
guidelines for patients on dialysis. *4 Not available in the United States.

10.1. SUs

It is not possible to remove all SUs by HD because of their high protein-binding rate.
Although the key metabolic pathway is the liver, SU readily induces hypoglycemia, because
active metabolites have hypoglycemic effects and accumulate in dialysis patients. Therefore,
they are contraindicated in patients on dialysis in Japan. However, gliclazide is metabolized
in the liver, and more than 99% of its metabolites are excreted via the kidneys and feces,
approximately 70% and 20%, respectively. Furthermore, their metabolites have very low
activity. Therefore, the Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines
state that gliclazide can be used even in patients on dialysis [71]. In addition, glipizide
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and gliquidone, which are not marketed in Japan, can be administered at regular doses to
patients on dialysis, according to the European Best Practice Guidelines (ERBP) [72].

10.2. Biguanide

Biguanides are not metabolized and are primarily excreted unchanged by the kidneys,
and they accumulate in patients with renal impairment. It is well known that the adminis-
tration of biguanide to patients with renal dysfunction is likely to induce lactic acidosis.
Therefore, biguanides are contraindicated in patients with severe renal impairment as well
as dialysis patients [70,73].

10.3. Fast-Acting Insulin Secretagogues

Fast-acting insulin secretagogues stimulate insulin secretion via a mechanism similar
to that for SUs. However, those effects have a faster onset of action than SUs, resulting in
a rapid increase in plasma insulin levels and a shorter duration of hypoglycemic effects.
The risk of hypoglycemia with fast-acting insulin secretagogues is less than that with SUs.
Although there are three types of fast-acting insulin secretagogues, nateglinide, mitiglinide,
and repaglinide, only nateglinide cannot be used for patients on dialysis. Because its
metabolites have the effect of lowering plasma glucose levels and are excreted by the
kidneys, the use of nateglinide in dialysis patients increases the risk of hypoglycemia [70].
Repaglinide is characterized by an excretion route via bile, and its metabolites have no
effect on lowering plasma glucose levels. Therefore, repaglinide can be safely used even in
patients on dialysis, but it is recommended that it be initiated at a low dose.

10.4. α-Glucosidase Inhibitors (α-GIs)

The use of α-GIs is rarely associated with hypoglycemia, and these agents are carefully
administered to dialysis patients without dose adjustment in Japan [2,73]. However, the
plasma concentrations of acarbose and miglitol may rise in patients with kidney dysfunc-
tion, and the accumulation of these agents may lead to liver failure. Therefore, the KDOQI
guidelines recommend the avoidance of acarbose and miglitol in dialysis patients [71].
Moreover, caution is required with αGI administration because gastrointestinal symptoms
such as flatulence, abdominal bloating, constipation, and diarrhea may occur.

10.5. Thiazolidinedione

In Japan, thiazolidinedione is contraindicated in diabetes patients with a history of
cardiac failure and severe renal impairment [2,73]. Thiazolidinedione has an adverse effect
on fluid retention and may induce edema, anemia, and cardiac failure. Therefore, it is
also contraindicated in patients on dialysis in Japan. By contrast, thiazolidinediones are
completely metabolized by the liver, and no dose adjustments are needed for patients on
dialysis in other countries [71,72].

10.6. DPP-4 Inhibitors

DPP-4 inhibitors have a lower risk of hypoglycemia when administered alone, and
because they are oral agents, the prescription rate has risen rapidly and had a great impact
on diabetic treatment in recent years. Many investigations have reported on the efficacy
and safety of DPP-4 inhibitors in patients on dialysis [73–75]. All currently marketed
DPP-4 inhibitors are available for dialysis patients. However, dose adjustments must be
made for the use of sitagliptin, saxagliptin, alogliptin, and anagliptin according to kidney
function. On the other hand, linagliptin and teneligliptin can be administered without dose
adjustment, even in patients on dialysis. Furthermore, the once-weekly DPP-4 inhibitors,
omarigliptin and trelagliptin, are also available with dose adjustment for patients on
dialysis [76,77]. However, further studies are needed to clarify the efficacy and safety of
these agents, since few reports have investigated the efficacy and safety of once-weekly
DPP-4 inhibitors for dialysis patients.
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10.7. SGLT2 Inhibitors

Several large-scale clinical trials have demonstrated not only the hypoglycemic effect
of SGLT2 inhibitors but also their effect in suppressing the progression of CKD and heart
failure [78–83]. Therefore, it is now possible to administer them to CKD and heart-failure
patients. However, they cannot be administered to dialysis patients because they cannot
exert their hypoglycemic effect.

10.8. GLP-1 Receptor Agonists

Glucagon-like peptide-1 (GLP-1) receptor agonists are the same class as incretin-
related drugs such as DPP-4 inhibitors but stronger hypoglycemic effects in addition
to extra-pancreatic effects. The once-weekly agents, duraglutide and semaglutide, can
be administered at their regular dose to dialysis patients [84,85]. On the other hand,
liraglutide and lixisenatide can be used with careful administration [86–88]. Exenatide
is contraindicated in patients on dialysis. The injection of once-weekly GLP-1 receptor
agonists at a dialysis facility by medical staff is one of the therapeutic options.

10.9. Insulin Therapy

Although intensive insulin therapy helps achieve target glycemic control, it increases
the risk of severe hypoglycemia in diabetes patients with normal kidney function. The
dose of insulin is reduced as the kidney function declines [59,87–89]. The dose of in-
sulin can be reduced by 25% relative to normal kidney function when GFR decreases to
<50 mL/min/1.73 m2. Furthermore, when GFR falls to <10 mL/min/1.73 m2, the dose is
reduced by 50% relative to normal kidney function [61,89–91]. The initiation of dialysis
may improve peripheral insulin resistance, further reducing insulin requirements. Basal-
supported oral therapy, which involves long-acting insulin with oral antidiabetic agents,
may also be possible. Long-acting insulin can also be administered by medical staff on the
day of HD for patients who have difficulty injecting themselves with insulin [92].

The advantage of insulin therapy is that it has no adverse effects, other than hypo-
glycemia, compared with oral antidiabetic agents, similar to those with normal kidney
function. Furthermore, the incidence of prolonged hypoglycemia is also low. On the other
hand, the disadvantage is that it is limited to patients who can self-manage and who can
obtain the cooperation of family members to watch over and administer the injections on
their behalf.

11. Dietary Recommendations

The nutritional management for diabetes patients on dialysis considers energy, protein,
potassium, phosphate, salt, and vitamins [93,94], and there are few dietary guidelines
specific to diabetes dialysis patients. Similar to the general diabetes population, the energy-
intake requirements for dialysis patients vary by gender, age, and physical activity [95,96].
We must consider the ideal body mass index (BMI) of each patient. Considering the better
outcomes observed for HD patients with a higher BMI, a BMI of at least >23.0 kg/m2 should
be maintained [93,94,97]. It was reported that the maintenance of BMI above the upper
50th percentile might be associated with a higher survival rate for patients on maintenance
HD [98]. However, Japanese dialysis patients are aging, and the proportion of patients
with protein energy wasting (PEW) and frailty is increasing. Although the mechanisms
of PEW are complex and not fully understood, several studies reported that PEW is a
major cause of morbidity and mortality in dialysis patients, and the prevalence of PEW was
higher in diabetes patients than in non-diabetes patients on dialysis. Non-diabetes patients
on dialysis [99–101]. The possible risk factors for PEW include increased nutrient loss,
nutritional deficiencies, increased catabolism, and metabolic acidosis, which are shared
by HD patients with and without diabetes. In dialysis patients with diabetes, increased
muscle protein breakdown, increased complications, increased prevalence of gastroparesis,
increased inflammatory cytokines, and impaired taste are additional risk factors that may
be associated with the increased prevalence of PEW [102–106].



Kidney Dial. 2022, 2 506

Some guidelines recommend a protein intake of at least 1.1 g/kg of ideal body
weight (IBW) for HD patients [93–96]. In Japan, the “Best Practice for Diabetic Patients on
Hemodialysis 2012” recommends a protein intake per reference body weight in the range
of 0.9–1.2 g/kg/day. This target does not differentiate between diabetes and non-diabetes
patients. In addition, it is recommended not to exceed 60 g/day for men and 50 g/day
for women [2]. Fat intake in the range of 20–25% of total energy intake is recommended,
and recommended intakes for salt, water, potassium, and phosphorus were the same as
those for non-diabetes HD patients and were not differentiated [2]. The KDOQI guidelines
recommend that the composition of the total energy intake should comprise 50–60% from
carbohydrates, less than 30% from fat, and at least 15% from protein [94]. Therefore, protein
intake in dialysis patients should correspond to 1.1 g protein/kg IBW and at least 15%
of the total energy intake. However, it was suggested that the average protein intake in
Japanese dialysis patients is below 0.9 g/kg/day [107]. Therefore, the assessment tool for
nutritional status should be incorporated into daily clinical practice.

Previous studies did not evaluate which nutrients and nutritional products can im-
prove plasma glucose levels and prognosis in diabetes patients on dialysis. In addition,
the question of whether nutritional interventions can increase or maintain muscle mass in
dialysis patients with diabetes was not investigated. Therefore, further studies are required
to elucidate these points.

12. Conclusions

Levels of GA might be a better indicator of glycemic control than levels of HbA1c in
patients on HD. Although a U-shaped relationship is observed between the HbA1c levels
and mortality, GA is linearly associated with mortality in dialysis patients and may predict
mortality in this population. Therefore, JSDT recommends GA as an alternative indicator
of glycemic control to HbA1c for diabetes patients on HD. Because there have been no
randomized controlled trials on dialysis patients, however, further studies are needed
to clarify the target GA levels. Moreover, additional studies are warranted to clarify the
superiority of periodic CGM to standard care in order to improve glycemic control, and
CGMs can help to reduce hypoglycemic episodes and other diabetic complications in the
dialysis population. Once-weekly DPP-4 inhibitors and some GLP-1 receptor agonists have
been added as new treatment options. Additional research is required to clarify the efficacy
and safety of these agents for diabetes patients on dialysis.
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