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Summary

Chronic kidney disease (CKD) is among the most prevalent and dire complications of diabetes 

mellitus in adults across the world. Diabetes substantially contributes to the burden of kidney 

disease, such that one third to one half of CKD in the United States and many other countries is 

attributable to diabetic kidney disease (DKD). As DKD progresses to end-stage renal disease 

(ESRD), patients are at heightened risk for atypical glycemic complications, including the 

development of burnt-out diabetes, manifested by hypoglycemic bouts and poor outcomes. 

Furthermore, even in the absence of diabetes, hypoglycemia is a frequent occurrence in CKD 

patients that may contribute to their high burden of cardiovascular disease and death. Extrapolation 

of data from clinical trials in high-cardiovascular-risk populations and observational studies in 

patients with non−dialysis-dependent (NDD) CKD and ESRD suggest that moderate glycemic 

targets defined by glycated hemoglobin levels of 6% to 8% and glucose levels of 100 to 150 

mg/dL are associated with better survival in DKD patients. However, given the imprecision of 

glycated hemoglobin levels in kidney disease, further research is needed to determine the optimal 

glycemic metric and target in diabetic NDD-CKD and ESRD patients. Given their exceedingly 

high cardiovascular morbidity and mortality, there is a compelling need for further investigation of 

how to optimally manage dysglycemia in the NDD-CKD and ESRD populations.

Approximately 34.2 million people in the United States have diabetes, among whom 

approximately 20% are estimated to be undiagnosed.1

Among diagnosed cases, 90% to 95% are attributed to type 2 diabetes mellitus. As one of 

the most prevalent complications of this endocrine disorder, chronic kidney disease (CKD) 

affects 30% and 40% of patients with type 1 and type 2 diabetes, respectively.2 In turn, 

National Health and Nutrition Examination Surveys data have shown that diabetes 
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substantially contributes to the burden of kidney disease in the United States, such that one 

quarter of CKD among US adults is attributable to diabetes after adjusting for demographics.
3 Data from a large integrated health care delivery system (Kaiser Permanente Northern 

California) also suggest that CKD patients with diabetes have a 1.5-fold higher risk of rapid 

CKD progression versus those without diabetes.4

Consequently, diabetes is the leading cause of end–-stage renal disease (ESRD) in the 

United States, accounting for 47% and 39% of incident and prevalent cases, respectively.5 

Globally, parts of Mexico (Jalisco), Taiwan, Singapore, and the United States manifest the 

highest incident rates of ESRD as a result of diabetes (ie, 279, 242, 230, and 185 new cases 

per million population, respectively).5 Furthermore, national trends continue to show a 

steady increase in the number of prevalent ESRD cases resulting from diabetes (ie, 298,697 

patients as of 2018).5 Given the exceedingly high mortality rate of patients with ESRD as a 

result of diabetes compared with their nondiabetic counterparts (ie, annual mortality rates of 

171, 144, versus 62 per 1,000 patient-years of follow-up evaluation for ESRD resulting from 

diabetes and hypertension versus glomerular disease, respectively5), these epidemiologic 

trends underscore the importance of identifying management strategies that improve the 

health and survival of this population.

BURNT-OUT DIABETES AND OTHER GLYCEMIC DERANGEMENTS IN 

KIDNEY DISEASE

Burnt-Out Diabetes Phenomenon

As diabetic patients with advanced CKD progress to ESRD, many will experience 

spontaneous resolution of hyperglycemia, normalization of glycated hemoglobin (HbA1c) 

levels, and frequent hypoglycemia in a phenomenon that has been described as “burnt-out 

diabetes (Fig 1).6–8 Reports from large population-based studies support these observations. 

For example, among 63,607 incident diabetic hemodialysis patients from a large dialysis 

organization (LDO) receiving treatment during 2007 to 2011, 38% of patients had HbA1c 

levels lower than 6% at the time of transitioning to dialysis.9,10 In another national study of 

19,977 US veterans with diabetic kidney disease (DKD), mean HbA1c levels steadily 

decreased as patients transitioned to ESRD (delta, −0.8% over a 5-year period).11,12 As a 

result, diabetic patients transitioning to dialysis oftentimes require a reduction and/or 

cessation of their antiglycemic medications to avoid hypoglycemia.8

Hypoglycemia

Even in the absence of diabetes, CKD patients are predisposed to glycemic derangements, 

and, in particular, hypoglycemia. Several large population-based studies have reported a high 

frequency of hypoglycemia events in CKD patients irrespective of diabetes status. In a study 

of 243,222 US veterans, hypoglycemia was frequent in CKD patients with and without 

diabetes (ie, 11 and 4 events/100 patient-months, respectively).13 In a national cohort of 

58,304 incident hemodialysis patients, approximately 17% versus 7% of those with versus 

without diabetes, respectively, had at least one or more hypoglycemic events, as defined by 

monthly predialysis glucose levels.14 With respect to more severe hypoglycemia events 

necessitating medical attention, in a study of 30,156 US veterans with advanced CKD 
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transitioning to ESRD, approximately 6% of patients experienced a hypoglycemia-related 

hospitalization in the 1- to 2-year period preceding dialysis initiation.15

Various intrinsic and extrinsic factors may engender hypoglycemia among advanced CKD 

patients progressing to ESRD (Fig. 2).6,8 First, other than the liver, the kidney is the only 

organ capable of generating sufficient glucose to release into the circulation16; subsequently, 

patients with advanced kidney dysfunction are susceptible to hypoglycemia as a result of 

impaired renal gluconeogenesis.17 Second, as kidney function decreases, CKD patients have 

reduced renal degradation/clearance and hepatic clearance of endogenous insulin.8 Third, in 

addition to endogenous insulin, decreased renal metabolism and clearance of exogenous 

insulin and other antiglycemic agents may lead to hypoglycemia. Epidemiologic data have 

shown that certain medication patterns are particularly associated with a heightened risk of 

hypoglycemia in DKD patients. In a study of 30,156 US veterans, examination of the 12 

most commonly prescribed antiglycemic agents by drug class showed that regimens with 

sulfonylureas and/or insulin were associated with hypoglycemia.15 In addition, although 

there was a graded association between the number of prescribed oral antidiabetic drugs and 

hypoglycemia risk, insulin use alone had a similar magnitude of risk as compared with 

prescription of two or more oral antidiabetic drugs. Fourth, advanced CKD patients may 

manifest other co-existing comorbidities such as protein-energy wasting and diabetic 

gastroparesis that may exacerbate the risk of hypoglycemia.15 Fifth, as CKD patients 

transition to ESRD, it also has been hypothesized that uremic metabolites promote 

dysglycemia by suppressing hepatic glucose output and stimulating insulin secretion. 

Finally, among ESRD patients receiving renal replacement therapy, the hemodialysis 

procedure in and of itself may cause hypoglycemia owing to the following: (1) intradialytic 

uptake of glucose by erythrocytes during the procedure, which is exacerbated further by (2) 

secular changes in use of lower dialysate glucose concentrations over time (ie, transition 

from 200 to 100 mg/dL), and (3) restriction of food intake during the dialysis treatment 

session.18

Hyperglycemia

Conversely, CKD patients with and without diabetes are also at risk for hyperglycemia via 

multiple pathways (Fig. 2).6,8 In advanced kidney disease, impaired insulin secretion and 

insulin resistance may be observed, and although the precise underlying mechanisms have 

not been elucidated fully, it has been suggested that secondary hyperparathyroidism and 

activated vitamin D deficiency are contributory. In several small studies, treatment of 

hyperparathyroidism (ie, phosphate restriction or parathyroidectomy19,20) has resulted in 

improved insulin secretion and/or sensitivity. In addition, administration of activated vitamin 

D has been shown to correct glucose intolerance, insulin resistance, and hypoinsulinemia in 

hemodialysis patients independent of PTH suppression.21,22 It also has been suggested that 

uremic toxins may contribute to insulin resistance, given the observations of impaired 

insulin-stimulated glucose uptake in adipose and muscle tissue of uremic animal models, 

and improvement in glucose metabolism with hemodialysis.23–25 Finally, in peritoneal 

dialysis patients, exposure to high glucose loads via dextrose-based solutions also may 

contribute to hyperglycemia.8
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GLYCEMIC TARGETS IN DIABETIC PATIENTS WITH AND WITHOUT CKD

In the general population, various clinical practice guidelines recommend HbA1c targets of 

less than 7.0% in patients with type 2 diabetes.26 These thresholds have been informed in 

part by early clinical trials of intensive versus standard glycemic targets, including the 

Diabetes Control and Complications Trial (DCCT)27 and the UK Prospective Diabetes Study 

(UKPDS)28 conducted in type 1 and type 2 diabetic patients, respectively (Table 1).

To determine whether the complications of diabetes could be prevented or delayed, the 

DCCT randomized type 1 diabetic patients with minimal end-organ damage to intensive 

versus conventional glycemic control, and, after a mean follow-up period of 6.5 years, 

intensive glycemic control was found to reduce the early stages of microvascular 

complications by 35% to 76% compared with conventional control.27,29 Notably, patients in 

the intensive glycemic arm experienced a three-fold higher risk of hypoglycemic events. In 

the long-term observational Epidemiology of Diabetes Interventions and Complications 

(EDIC) study that followed the DCCT, the first 4 years of the EDIC follow-up evaluation 

showed a further widening of microvascular outcome differences, as well as improved 

macrovascular outcomes in the intensive glycemic control arm, suggesting a persistent 

“legacy effect” over time.30 In the UKPDS trial, which randomized newly diagnosed type 2 

diabetic patients to intensive versus conventional glycemic control, after a median follow-up 

period of 10 years the overall rate of microvascular complications was reduced by 25% in 

the intensive control arm.28 Epidemiologic follow-up data of the UKPDS also have shown a 

graded association between glycemic status and macrovascular risk, such that each 

percentage point decrease in HbA1c was associated with a 7% reduction in all-cause 

mortality and an 18% reduction in combined fatal and nonfatal myocardial infarction events.
31

Although early clinical trials of intensive versus conventional glycemic control enrolled type 

1 and type 2 diabetic patients with minimal to no kidney damage, subsequent trials have 

been conducted in long-standing type 2 diabetic patients with higher cardiovascular risk 

(Table 1). Among these include the Action to Control Cardiovascular Risk in Diabetes trial, 

which randomized type 2 diabetic patients with underlying cardiovascular risk (ie, age, 40–

79 y with cardiovascular disease; or age, 55–79 years with atherosclerosis, albuminuria, left 

ventricular hypertrophy, or at least two additional risk factors for cardiovascular disease) to 

intensive versus standard glycemic control. After a median follow-up period of 3.7 years, the 

trial was stopped early given that intensive glycemic control was found to confer increased 

all-cause and cardiovascular mortality risk.32 The Action in Diabetes and Vascular Disease: 

Preterax and Diamicron MR Controlled Evaluation trial randomized type 2 diabetic patients 

with macrovascular or microvascular disease or at least one other vascular disease risk factor 

to intensive versus standard glycemic control, and found no differences in major 

macrovascular events, cardiovascular death, or death from any cause across the two groups.
33 Although patients in the intensive control arm had a modest reduction in albuminuria, 

they also experienced a higher frequency of severe hypoglycemia. Similarly, the Veterans 

Affairs Diabetes Trial, which randomized US veterans to intensive versus conventional 

glycemic control, did not show a cardiovascular benefit and observed a higher frequency of 

hypoglycemia events including coma in the intensive control arm.34
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Given their high burden of cardiovascular disease, the latter trial cohorts may bear greater 

analogy to the CKD population. As such, clinical practice guidelines advise more 

conservative glycemic targets in patients with moderate-to-advanced kidney disease (Table 

2). Although the National Kidney Foundation (NKF) Kidney Disease Outcomes Quality 

Initiative35 and Kidney Disease Improving Global Outcomes guidelines36 recommend a 

target HbA1c of 7% to prevent or reduce progression of microvascular complications of 

diabetes, they do not recommend an HbA1c level less than 7% in patients at risk of 

hypoglycemia, defined as patients with stages 4 to 5 CKD and/or those on insulin or 

sulfonylureas. Moreover, they advise a target HbA1c of greater than 7% in individuals with 

comorbidities, limited life expectancy, and risk of hypoglycemia. Although there are a 

growing number of tools available for assessment of glycemic status (eg, HbA1c, self-

monitored blood glucose, fructosamine, glycated albumin, continuous glucose monitoring, 

1,5-anhydroglucitol37,38), the optimal metric in CKD patients remains widely debated. The 

NKF Kidney Disease Outcomes Quality Initiative guidelines have recommended HbA1c as 

the best long-term metric of glycemic control when used in conjunction with self-monitored 

blood glucose.35 However, a consensus conference convened by the American Diabetes 

Association, the NKF, and the American Society of Nephrology advised that, although 

HbA1c levels between 7% and 8% appear to be associated with the highest survival rates in 

retrospective analyses of DKD patients, the imprecision of HbA1c measurements makes 

specific targets for people with DKD difficult to define.37,38 The following summary 

outlines findings from selected rigorous epidemiologic studies examining glycemic status 

and hard end points in NDD-CKD and ESRD patients.

GLYCEMIC STATUS AND OUTCOMES IN CKD AND ESRD

Glycemic Status and Survival in NDD-CKD

Several large population-based studies examining glycemic status and mortality in US NDD-

CKD patients have supported more moderate glycemic targets. In a secondary analysis of 

type 2 diabetic patients from the Action to Control Cardiovascular Risk in Diabetes trial, 

among whom 3,636 versus 6,506 patients had mild-to-moderate (stages 1–3) CKD versus 

normal kidney function, respectively, in the CKD subgroup intensive glycemic control was 

associated with a 31% higher all-cause mortality and a 41% higher cardiovascular mortality 

risk versus standard control.39 Because the two arms achieved significant separation in 

HbA1c levels over the course of the study (ie, 4-month HbA1c levels of 6.7% versus 7.5% in 

the intensive versus standard arms, respectively) without significant differences between 

CKD versus non-CKD patients, it may be inferred that lower HbA1c levels were associated 

with worse survival in patients with CKD. In addition, hypoglycemia was more frequent 

with intensive versus standard therapy in patients with CKD (5.3% versus 2.0%, 

respectively) and in those without CKD (3.5% versus 1.1%, respectively). In a larger study 

of 23,296 stage 3 to 4 CKD patients across four centers in Canada, higher HbA1c levels 

greater than 9% were associated with worsening of kidney function (ie, doubling of 

creatinine, ESRD), cardiovascular events, and all-cause hospitalization.40 However, a U-

shaped relationship between HbA1c and survival was observed, such that both lower and 

higher HbA1c levels (<6.5 and >8%, respectively) were associated with higher mortality 

risk. In a more recent study of 618 participants with NDD-CKD (ie, estimated glomerular 
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filtration rate <60 mL/min per 1.73 m2 or a urinary protein to creatinine ratio ≥30 mg/g) 

from the Seattle Kidney Study, among whom approximately half had diabetes, higher 

HbA1c levels were not associated with the composite outcome of death and/or ESRD, 

supporting a more conservative glycemic target in advanced kidney disease patients.41

Glycemic Status and Survival in ESRD

To date, there have been multiple observational studies of glycemic status and mortality in 

the diabetic ESRD population that have shown differential findings across prevalent versus 

incident dialysis patients (Table 3). In a study of 24,875 prevalent hemodialysis patients with 

diabetes from a national LDO, extremes of glycemia as defined by time-varying HbA1c 

levels (HbA1c <6.5% and >11%) each were associated with higher mortality risk.42 

Similarly, in a subsequent study of 54,757 prevalent hemodialysis patients with diabetes 

from another national LDO, both lower and higher time-averaged HbA1c levels (ie, <7% 

and ≥8%) also were associated with a higher death risk.43 In a subsequent study of 9,201 

prevalent hemodialysis patients with diabetes from the US portion of the Dialysis Outcomes 

and Practice Patterns Study cohort, both lower and higher HbA1c levels averaged over the 

first 8 months (HbA1c <6% and >9%) were associated with higher mortality risk.44 In a 

meta-analysis of 83,684 prevalent hemodialysis patients with diabetes, higher and very low 

HbA1c levels (>8.5% and <5.4%, respectively) were associated with a higher death risk.45

Although studies of prevalent hemodialysis patients with diabetes have shown a fairly 

consistent U-shaped relationship between HbA1c levels and mortality risk, a J-shaped 

pattern has been observed among incident dialysis patients. In a study of 63,607 incident 

hemodialysis patients with diabetes from a national LDO, time-varying (ie, repeated 

measures) and baseline (ie, measured upon transition to ESRD) HbA1c levels were assessed 

as proxies of short-term and long-term associations of glycemic status and mortality, 

respectively.9,10 Time-varying analyses showed a U-shaped association with mortality (ie, 

suggesting that intensive and liberal glycemic control are associated with short-term death 

risk), similar to that of prevalent ESRD studies in which glycemic measurements were 

restricted to the period after which terminal kidney failure developed. However, analyses of 

baseline HbA1c measured on transition to ESRD showed that HbA1c levels of 9% or greater 

were associated with a higher death risk, whereas HbA1c levels lower than 9% were 

associated with similar or improved survival (ie, suggesting that only liberal glycemic 

control is associated with long-term death risk).

Given the differential HbA1c−mortality relationships observed among incident versus 

prevalent ESRD patients, there has been growing interest in whether glycemic management 

during earlier stages of DKD have a greater impact on health and survival compared with 

later stages, and if there is a sustained “legacy effect ” of pre-ESRD glycemic status on post-

ESRD survival, similar to observations from the long-term follow-up studies of the DCCT/

EDIC and UKPDS trials.30,31 Studies under the National Institutes of Health U01 

“Transitions of Care in CKD” US Renal Data System Special Study Center have sought to 

address this knowledge gap.46 In a study of 15,549 US veterans with NDD-CKD and diabe-

tes, pre-ESRD HbA1c levels of 8% or greater were associated with higher post-ESRD 

mortality, whereas HbA1c levels lower than 6% were not associated with a higher death risk 
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compared with the reference group (ie, HbA1c 6% to <7%), signaling a J-shaped association 

between glycemic status and mortality.12 Similarly, preESRD random glucose levels of 200 

mg/dL or greater were associated with higher post-ESRD mortality whereas glucose levels 

less than 125 mg/dL were not associated with a higher death risk compared with the 

reference group (ie, glucose, 125 to <150 mg/dL). In a subsequent study separately 

examining glycemic status and mortality across two matched diabetic NDD-CKD 

populations according to whether they transitioned versus did not transition to dialysis (ie, 

because of death before the development of ESRD, lack of CKD progression, and so forth), 

higher averaged random glucose levels of 200 mg/dL or greater and HbA1c levels of 8% or 

higher were associated with early dialysis mortality in the Transition Cohort (ie, those who 

progressed to ESRD).47 However, among the matched diabetic NDD-CKD patients in the 

Nontransition Cohort (ie, those who did not transition to ESRD), both lower (hypoglycemic 

and low-normal glucose levels of <80 and 80 to <100 mg/dL, respectively) and higher 

glucose levels of 160 mg/dL or greater were associated with higher mortality.

These divergent patterns potentially may be explained by a differential effect of glycemic 

status on long-term versus short-term survival in patients with advanced CKD. Although the 

Transition Cohort showed a J-shaped relationship between random glucose and HbA1c 

levels with mortality risk, suggesting that, among those who survive and progress to ESRD,
47 liberal glycemic control may have long-term detrimental outcomes over time (ie, via 

generation of oxidative stress, activation of protein kinase C, accumulation of advanced 

glycosylation end products, and progressive microvascular and macrovascular damage48,49), 

the U-shaped association between glycemic status and mortality in the Nontransition Cohort 

also suggest that intensive glycemic control is associated with short-term death risk, possibly 

owing to hypoglycemia or low-normal glucose levels leading to central nervous system 

toxicity and subsequent encephalopathy, seizures, coma, disequilibrium, and subsequent 

falls,50,51 and/or adrenergic stimulation, resulting in coronary ischemia, ventricular 

arrhythmias, and sudden cardiac death.52

Hypoglycemia and Mortality Risk in ESRD

In the general population, hypoglycemia is an established risk factor for cardiovascular 

morbidity (eg, myocardial infarction, stroke, and sudden cardiac death) and mortality.53–57 

Given the exceedingly high cardiovascular mortality of ESRD patients,5 this has prompted 

more direct study of hypoglycemia in the ESRD population. In a study of 30,156 US 

veterans with DKD transitioning to ESRD, having one or more hypoglycemia-related 

hospitalizations in the 1- to 2-year period preceding dialysis was associated with higher 

post-ESRD mortality risk.15 Moreover, an increasing frequency of hypoglycemia was 

associated with incrementally higher death risk, such that those with three or more pre-

ESRD hypoglycemia-related hospitalizations had a 2.1-fold higher post-ESRD death risk. In 

a study of 58,304 incident hemodialysis patients from a national LDO comprising 51,924 

versus 6,380 patients with versus without underlying diabetes, respectively, having one or 

more hypoglycemia events was associated with a higher mortality risk in both the diabetic 

and nondiabetic subgroups.14
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CONCLUSIONS AND FUTURE DIRECTIONS

In summary, DKD patients progressing to ESRD are at heightened risk for glycemic 

complications, including development of the burnt-out diabetes phenomenon. Furthermore, 

hypoglycemia is a frequent occurrence associated with worse survival in CKD patients with 

and without diabetes. Although extrapolation of data from clinical trials in high-

cardiovascular-risk populations and growing observational data in diabetic NDD-CKD and 

ESRD patients suggest that moderate glycemic targets are associated with better survival, 

clinical trials are needed to confirm the optimal glycemic target and metric in DKD patients. 

Given the cardiovascular and neurotoxicity of dysglycemia, further studies also are needed 

to identify modifiable and nonmodifiable targets for hypoglycemia and hyperglycemia in 

CKD patients. For example, comparative effectiveness studies of newer antiglycemic agents 

with a lower risk of hypoglycemia and potentially greater cardiovascular benefit as 

compared with traditional agents in CKD are needed. Further investigation of multifaceted 

approaches in the management of DKD, including dietary interventions and modulation of 

the dialysis prescription, also may mitigate hypoglycemia and hyperglycemia in NDD-CKD 

and ESRD patients. Finally, greater study of the short- and long-term implications of 

glycemic targets on other clinically relevant end points, including infection risk and patient-

reported outcomes (ie, health-related quality of life, depression) are needed. Given their 

exceptionally high mortality rate, there is a compelling need for further investigation of how 

to optimally manage dysglycemia in NDD-CKD and ESRD patients.
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Figure 1. 
Risk factors for hypoglycemia and hyperglycemia in chronic kidney disease patients.
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Figure 2. 
Glycemic status trajectory and the development of burntout diabetes in advanced chronic 

kidney disease (CKD) patients transitioning to end-stage renal disease (ESRD). 

Abbreviation: HbA1c, glycated hemoglobin; NDD-CKD, non−dialysis-dependent chronic 

kidney disease; RRT, renal replacement therapy.
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