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CASE IN POINT

Burnt Out? The Phenomenon of Type 2 
Diabetes Mellitus in End-Stage Renal Disease
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In patients with T2DM and ESRD, insulin is the antidiabetic medication of choice with a  
hemoglobin A1c target of 6 to 8%, using fructosamine levels or other measures for better  
assessment of glycemic control.
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More than 34 million adults in the 
US have type 2 diabetes mellitus 
(T2DM), a chronic progressive dis-

ease identified by worsening hyperglycemia 
and micro- and macrovascular complica-
tions.1 Consequently, 12.2% of the US adult 
population is currently at risk for macrovas-
cular diseases, such as stroke and coronary 
artery disease (CAD) and microvascular 
diseases, such as neuropathy and diabetic 
nephropathy.1 

T2DM is the most common comorbid risk 
factor for chronic kidney disease (CKD) and 
the leading cause of end-stage renal disease 
(ESRD). As of 2017, about 750,000 Ameri-
cans have CKD stage 5 requiring dialysis, and 
50% of these patients have preexisting dia-
betic nephropathy.2 Rates of mortality and 
morbidity are observed to be higher in pa-
tients with both CKD and T2DM compared 
with patients with CKD without T2DM.2 
Previous clinical trials, including the United 
Kingdom Prospective Diabetes Study of 
1998, have proven that optimal glycemic 
control decreases the risk of complications 
of T2DM (ie, nephropathy) in the general 
population.3 Conversely, tight glycemic con-
trol that targets hemoglobin A

1c (HbA1c)  
< 7%, in patients with T2DM with ESRD has 
not shown the same benefits and may lead 
to worse outcomes. It is postulated that this 
may be due to the increased incidence of hy-
poglycemia in this patient population.4

Dialysis has varying effects on patients 
both with and without T2DM. While patients 
with ESRD without T2DM have the potential 
to develop impaired glucose tolerance and 
T2DM, about 33% of patients with T2DM on 
dialysis actually have HbA

1c < 6%.5 In these 
patients, glycemic control improves sponta-

neously as their disease progresses, leading 
to a decrease or cessation of insulin or other 
antidiabetic medications. This phenomenon, 
known as burnt-out diabetes, is characterized 
by (1) alterations in glucose homeostasis and 
normoglycemia without antidiabetic treat-
ment; (2) HbA

1c levels < 6% despite having 
established T2DM; (3) decline in insulin re-
quirements or cessation of insulin altogether; 
and (4) spontaneous hypoglycemia. 

There is a misconception that burnt-out 
diabetes is a favorable condition due to the 
alteration of the natural course of T2DM. Al-
though this may be true, patients with this 
condition are prone to develop hypoglycemic 
episodes and may be linked to poor survival 
outcomes due to low HbA

1c.
6,7

Since Kalantar-Zadeh and colleagues pre-
sented a 2009 case study, there has been a 
lack of research regarding this unique con-
dition.8 The purpose of this case study is to 
shed further light on burnt-out diabetes and 
present a patient case pertaining to the chal-
lenges of glycemic control in ESRD.

CASE PRESENTATION
Mr. A is a 49-year-old Hispanic male vet-
eran with a history of ESRD on hemodial-
ysis (HD) for 6 years, anemia of CKD, and 
T2DM for 22 years. The patient also has 
an extensive cardiovascular disease history, 
including hypertension, hyperlipidemia, 
and CAD status post-4-vessel coronary 
artery bypass graft in December 2014. 
The patient receives in-home HD Mon-
day, Wednesday, and Friday and is on the 
wait list for kidney transplantation. The 
patient’s T2DM is managed by a primary 
care clinical pharmacy specialist (CPS) at 
the Michael E. DeBakey Veteran Affairs 
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Medical Center (MEDVAMC) in Houston, 
Texas. 

Mr. A’s antidiabetic regimen is 45 units of 
subcutaneous insulin glargine every morn-
ing; insulin aspart sliding scale (about 15-27 
units) subcutaneous 3 times daily with 
meals; and saxagliptin 2.5 mg by mouth once 
daily.

At a follow-up visit with the CPS, Mr. A 
stated, “I feel fine except for the occasional 
low blood sugar episode.” The patient’s most 
recent HbA

1c was 6.1%, and he reported 
medication adherence and no signs or symp-
toms of hyperglycemia (ie, polydipsia, poly-
phagia, nocturia, visual disturbances). Mr. A 
reported no use of alcohol, tobacco, or illicit 
drugs. He walks 1 mile every other day and  
participates in self-monitoring blood glucose 
(SMBG) about 2 to 3 times daily (Table 1). 

Although Mr. A’s most recent HbA
1c was 

well controlled, his estimated fasting blood 
glucose at the same laboratory draw was 
224 mg/dL. His SMBG readings in the past 
month also were elevated with higher read-
ings in the evening. Mr. A attributed the el-
evated readings to dietary excursions and a 
high carbohydrate intake. At this visit, the 
CPS increased his insulin glargine dose to  
50 units subcutaneous every morning and 
educated him on lifestyle modifications. 
Follow-up with the CPS was scheduled for  
2 months from the day of the visit. 

Analysis
Few articles on potential contributors to 
burnt-out diabetes have been published.6,7 
These articles discuss decreased renal and he-
patic clearance of insulin (which increases 
its half-life) hypoglycemia during HD, and 
low HbA

1c due to preexisting anemia. Inap-
propriately low HbA

1c levels may be second-
ary to, but not limited to, hemolysis, recent 
blood transfusion, acute blood loss, and med-
ications, such as erythropoietin-stimulating 
agents (ESAs).9 The conditions that affect red 
blood cell turnover are common in patients 
with advanced CKD and may result in dis-

crepancies in HbA
1c

 levels.
Glycated hemoglobin is a series of minor 

hemoglobin components formed by the ad-
duction of various carbohydrate molecules 
to hemoglobin. HbA

1c
 is the largest fraction 

formed and the most consistent index of 
the concentration of glucose in the blood.10 
Hence, HbA

1c
 is the traditional indicator of 

overall glycemic control. The current HbA
1c 

goals recommended by the American Diabe-
tes Association are derived from landmark 
trials conducted with patients in the general 
adult diabetic non-CKD population. How-
ever, hemoglobin measurements can be con-
founded by conditions present in ESRD and 
tend to underestimate glucose measurements 
in patients with T2DM on HD. Despite this, 
HbA

1c is still regarded as a reasonable mea-
sure of glycemic control even in patients with 
ESRD; however, alternative markers of glyce-
mia may be preferable.11

Although HbA1c is the gold standard, there 
are other laboratory measures of average gly-
cemic control available. Fructosamine is a 
ketoamine formed when glucose binds to 
serum proteins. When these proteins are ex-
posed to high concentrations of glucose, they 
experience increased glycation. Fructosamine 
assays measure the total glycated serum pro-
teins, of which albumin accounts for about 
90%.11 Because the half-life of serum proteins 
is about 20 days, fructosamine levels can re-
flect glycemic control over a 2- to 3-week pe-
riod. This is advantageous in conditions that 
affect the average age of red blood cells, in 
pregnancy where frequent monitoring and 
measures of short-term glucose control are 
especially important, and in the evaluation of 
a medication adjustment in the management 
of T2DM. However, this test is not without 
its limitations. It is less reliable in settings 
of decreased protein levels (eg, liver dis-
ease), there is a lack of availability in routine 
practice, and reference levels have not been  
established.11

Fructosamine has been shown to be 
strongly associated with mean blood 

TABLE 1 Patient Self-Monitoring Blood Glucose April 25 to June 5, 2018a

Test Times Before Breakfast (n = 24) Before Dinner (n = 24) Bedtime (n = 15)

Average blood glucose, mg/dL 188 241 248

aFor the patient's blood glucose readings, 41% were < 80 mg/dL, 32.4% were 80-180 mg/dL, and 63.5% were  
> 180 mg/dL. 
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glucose and HbA1c (Table 2). In 2010,  
Mittman and colleagues published a 
study that compared HbA

1c with fruc-
tosamine and their correlation to gly-
cemic control and morbidity, defined 
as rates of hospitalization and infec-
tion.12 The study included 100 patients 
with T2DM on HD with a mean  age of  
63 years, 54% were women, mean HbA

1c of 
7.2%, and mean dialysis duration of 3 years. 
Average follow-up was 3 years. At the end 
of follow-up, Mittman and colleagues found 
that HbA

1c and fructosamine were highly 
correlated and associated with serum glu-
cose (P < .01). However, fructosamine was 
found to be more highly correlated with 
mean glucose levels when those levels were 
below 150 mg/dL (P = .01). A higher fruc-
tosamine level, not HbA

1c was a more signif-

icant predictor of hospitalization (P = .007) 
and infection (P = .001). Mittman and col-
leagues presented evidence for the use of 
fructosamine over HbA

1c
 in patients with 

T2DM on HD.12

Hypoglycemic Episodes
At the 2-month follow-up visit with the CPS, 
Mr. A reported having 5 hypoglycemic epi-
sodes in the past 30 days. He also stated he 
would forget to take his insulin aspart dose 
before dinner about 3 to 4 times a week but 
would take it 30 to 60 minutes after the meal. 
Mr. A did not bring his glucometer or SMBG 
readings to the visit, but he indicated that 
his blood glucose levels continued to fluc-
tuate and were elevated when consuming  
carbohydrates.

Laboratory tests 1 month prior to the 
2-month follow-up visit showed HbA

1c of 
7.3%, which had increased from his previ-
ous level of 6.1%. He was counseled on the 
proper administration of insulin aspart and 
lifestyle modifications. A fructosamine level 
was ordered at this visit to further assess his 
glycemic control. A follow-up appointment 
and laboratory workup (fructosamine and 
HbA

1c) were scheduled for 2 months from 
the visit (Table 3).

Mr. A was educated on the unreliability of 
his HbA

1c levels secondary to his condition of 
ESRD on HD. He was counseled on the pur-
pose of fructosamine and how it may be a 
better predictor of his glycemic control and 
morbidity. Mr. A continued to be followed 
closely by the primary care CPS for T2DM 
management. 

DISCUSSION
Management of T2DM in patients with ESRD 
presents challenges for clinicians in deter-
mining HbA

1c goals and selecting appropriate 
medication options. The 2012 Kidney Dis-
ease Outcomes Quality Initiative (KDOQI) 
diabetes guideline does not recommend treat-
ment for patients with substantially reduced 
kidney function to a target HbA

1c < 7% due 
to risk of hypoglycemia.13 Although a target 
HbA

1c > 7% is suggested for these patients, 
little is known about appropriate glycemic 
control in these patients as there is a paucity 
of prospective, randomized clinical trials that 
include patients with advanced CKD.13 

Moreover, many oral antidiabetic  

TABLE 3 Patient’s Laboratory Results
Tests September 11, 2018 November 6, 2018

Fructosamine 
   Level, µmol/L
   Average glucose mg/dL

 
361 
210

 
370 
214

Hemoglobin A1c,  
   Level, %
   Average glucose, mg/dL

 
7.3 

162.8

 
6.9 

151.3

Glucometer 
   Date range included 
    
  Average glucose, mg/dL

 
April 25 -  
June 5 

202

 
October 16 -  
November 13 

250

TABLE 2 Association of Glycemic Control Measures11

Glucose, mg/dL Fructosamine, µmol Hemoglobin A1c,%

90 212.5 5.0

120 250.0 6.0

150 287.5 7.0

180 325.0 8.0

210 362.5 9.0

240 400.0 10.0

270 437.5 11.0

300 475.0 12.0

330 512.5 13.0

360 550.0 14.0

390 587.5 15.0
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medications and their metabolites are cleared 
by the kidneys and, therefore, pose with po-
tential harm for patients with CKD. Because 
of this, insulin is the medication of choice 
for patients with ESRD.7 Although insulin re-
quirements may diminish with worsening 
kidney function, insulin provides the safest 
method of glycemic control. Insulin dosing 
can be individualized according to a patient’s 
renal status as there is no uniformity in renal 
dose adjustments. There are some noninsulin 
antidiabetic agents that can be used in ESRD, 
but use of these agents requires close mon-
itoring and evaluation of the medication’s 
pharmacokinetics (Table 4). Overall, medi-
cation management can be a difficult task for 
patients with T2DM and ESRD, but antidia-
betic regimens may be reduced or discontin-
ued altogether in burnt-out diabetes. 

One of 3 patients with T2DM and ESRD 
on dialysis has burnt-out diabetes, defined 
as a phenomenon in which glucose homeo-
stasis is altered to cause normoglycemia, 
spontaneous hypoglycemia, and decreased 
insulin requirements in established patients 
with T2DM.5 Although Mr. A had a normal-
to-low HbA

1c, he did not meet these crite-
ria. Due to his elevated SMBG readings, he 

did not have normoglycemia and did re-
quire an increase in his basal insulin dose. 
Therefore, our patient did not have burnt-
out diabetes.

Mr. A represents the relevant issue of in-
appropriately and unreliably low HbA

1c levels 
due to various factors in ESRD. Our patient 
did not receive a blood transfusion in the past 
2 years and was not on ESA therapy; never-
theless, Mr. A was a patient with ESRD on 
HD with a diagnosis of anemia. These diag-
noses are confounders for low HbA

1c values. 
When fructosamine levels were drawn for Mr. 
A on September 11, 2018 and November 6, 
2018, they correlated well with his serum glu-
cose and SMBG readings. This indicated to 
the CPS that the patient’s glycemic control 
was poor despite a promising HbA

1c level. 
This patient’s case and supporting evi-

dence suggests that other measures of glyce-
mic control (eg, fructosamine) can be used 
to supplement HbA

1c, serum glucose, and 
glucometer readings to provide an accurate 
assessment of glycemic control in T2DM. 
Fructosamine also can assist HbA

1c with pre-
dicting morbidity and potentially mortality, 
which are of great importance in this patient 
population. 

TABLE 4 Common Antidiabetic Agents Used at MEDVAMC17-24

Agents CKD Stages 3-5: eGFR, mL/min/1.73m2

Sulfonylureas (2nd generation)
  Glipizide
  Glimepiride

eGFR < 50: 2.5 mg/d (initial) to 20 mg/d (maximum)
1 mg/d (initial); consider alternative therapy if eGFR < 15

Biguanides
  Metformin eGFR 30 to 45: do not initiate; eGFR < 30: contraindicated

Thiazolidinediones 
  Pioglitazone No dosage adjustment necessary

α-glucosidase inhibitor
  Acarbose Creatinine > 2 mg/dL or eGFR < 25: not recommended

DPP-4 inhibitor
  Alogliptin CrCl ≥ 30 to < 60 mL/min: 12.5 mg daily

CrCl ≥ 15 to < 30 mL/min: 6.25 mg daily
ESRD: 6.25 mg daily without regard to timing of HD

GLP-1 agonist
  Liraglutide No dosage adjustment necessary; limited data in ESRD

SGLT-2 inhibitor
  Empagliflozin eGFR 30-45: do not initiate; eGFR < 30: contraindicated

Abbreviations: CKD, chronic kidney disease; CrCl, creatinine clearance; DPP, dipeptidyl peptidase; eGFR, estimated 
glomerular filtration rate; ESRD, end-stage renal disease;  GLP, glucagon-like peptide; MEDVAMC, Michael E. DeBakey 
Veteran Affairs Medical Center, Houston, Texas; SGLT, sodium glucose cotransporter.
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Kalantar-Zadeh and colleagues conducted 
a study of 23,618 patients with T2DM on di-
alysis to observe mortality in association 
with HbA

1c
.5 This analysis showed that pa-

tients with HbA
1c

 levels < 5% or > 8% had a 
higher risk of mortality; higher values of 
HbA

1c
 (> 10%) were associated with in-

creased death risk vs all other values. In the 
unadjusted analysis, HbA

1c
 levels between  

6 and 8% had the lowest death risk (hazard ra-
tios [HR] 0.8 - 0.9, 95% CI) compared with 
those of  higher and lower HbA

1c
 ranges.5 In 

nonanemic patients, HbA
1c

 > 6% was associ-
ated with increased death risk, whereas anemic 
patients did not show this trend. 

Other studies made similar observations. 
In 2001, Morioka and colleagues published 
an observational study of 150 patients with 
DM on intermittent hemodialysis. The 
study analyzed survival and HbA

1c levels at 
1, 3, and 5 years. The study found that at 1, 
3, and 5 years, patients with HbA

1c < 7.5% 
had better survival than did patients with 
HbA

1c > 7.5%  (3.6 years vs 2.0 years, P = 
.008). Morioka and colleagues also found 
that there was a 13% increase in death per 
1% increase in HbA

1c.
14 Oomichi and col-

leagues conducted an observational study 
of 114 patients with T2DM and ESRD on 
intermittent hemodialysis. Patients with 
fair control (HbA

1c 6.5 - 8%) and good con-
trol (HbA

1c < 6.5%) were compared with 
patients with poor control (HbA

1c > 8%); 
it was found that the poor control group 
had nearly triple the mortality when com-
pared with the good and fair control groups 
(HR = 2.89, P = .01).15 Park and colleagues 
also saw a similar observation in a study 
of 1,239 patients with ESRD and DM; 70% 
of these patients were on intermittent he-
modialysis. Patients with poor control 
(HbA

1c ≥ 8%) had worse survival outcomes 
than those with HbA

1c < 8% (HR 2.2,  
P < .001).16

Our patient case forced us to ask the 
question, “What should our patient’s HbA

1c 
goals be?” In the study by Oomichi and 
colleagues, a HbA

1c level of 8% has useful-
ness as a “signpost for management of gly-
cemic control.”15 All patients’ goals should 
be individualized based on various factors 
(eg, age, comorbidities), but based on the 
survival studies above, a HbA

1c goal range 
of 6 to 8% may be optimal. 

CONCLUSIONS
Patients with T2DM and ESRD on dialy-
sis may have higher morbidity and mor-
tality rates than the rates of those without 
T2DM. It has been shown in various stud-
ies that very low HbA

1c
 (< 5%) and high 

HbA
1c

 (> 8%) are associated with poor sur-
vival. Some patients with T2DM on dialy-
sis may experience burnt-out diabetes in 
which they may have normoglycemia and 
a HbA

1c
 below goal; despite these facts, this 

condition is not positive and can be linked 
to bad outcomes. In patients with T2DM 
and ESRD, insulin is the antidiabetic med-
ication of choice, and we recommend a 
HbA

1c target of 6 to 8%. In this patient pop-
ulation, consider using fructosamine lev-
els or other measures of glycemic control 
to supplement HbA

1c and glucose values 
to provide a better assessment of glycemic 
control, morbidity, and mortality. Larger 
clinical trials are needed to assist in answer-
ing questions regarding mortality and opti-
mal HbA

1c targets in burnt-out diabetes. 
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