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Management of Diabetes in Patients with Impaired Kidney Function:

Learning Objectives

At the end of the presentation, the audience be able to:
• Recall the role of the kidney in glucose metabolism.
• Recall the changes in the kidney related to diabetes.
• Recognize the effects of CKD on diabetes control and pharmacokinetics of
anti-diabetic drugs
• Review the management of glycaemia effectively in patients with declining
kidney function.
• Review the management of hypoglycaemia effectively in diabetics and nondiabetics patients with declining kidney function
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Update on Diabetic Nephropathy: Core Curriculum 2018

Diabetic kidney disease and diabetic nephropathy are the leading cause of ESRD.

Diabetes accounts for 30% to 50% of the incident cases of ESRD.
The risk for the development of diabetic nephropathy has a genetic component that is
likely polygenetic.
.

Patients with DM with a first-degree relative with T1/T2DM and diabetic nephropathy
have substantially more risk for developing diabetic nephropathy than those without an
affected relative.
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Isolating a definitive causal pathway has proved to be elusive because there is no
simple Mendelian inheritance and the interplay of several genes is likely follows from
the diabetic milieu leading to the generation and circulation of advanced glycation end
products, elaboration of growth factors, and hemodynamic and hormonal changes
lead to the release of reactive oxygen species and inflammatory mediators.

These changes result in glomerular hyperfiltration, glomerular hypertension, renal
hypertrophy, and altered glomerular composition, which is manifested clinically as
albuminuria and hypertension.

7

Pathologically
The kidneys undergo several changes, including
➢ Deposition (in primarily the mesangium) of extracellular matrix,
➢ Glomerular basement membrane thickening,
➢ Proliferative changes,
➢ Tubular atrophy

Ultimately resulting in interstitial fibrosis and glomerulosclerosis
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normal glomerulus (PAS stain)

This normal glomerulus is stained with PAS to highlight basement membranes of
glomerular capillary loops and tubular epithelium. The capillary loops of this normal
glomerulus are well-defined and thin.
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With the onset of DM
kidney size and weight increase by an average of 15%, and this size increase remains even after
progressive reductions in kidney function occur.
An examination of kidney tissue reveals thickening of the glomerular basement membrane and
expansion of the mesangium.
The classic pathologic lesion of diabetic nephropathy is nodular in nature
✓ Was first described by Kimmelstiel and Wilson in 1936.
✓ The nodules are typically acellular and positive by periodic acid–Schiff stain.
✓ Pathognomonic for diabetic nephropathy,
✓ Reported in only 10% to 50% of biopsy specimens from patients with T1/T2DM.
Far more common is the diffuse glomerular lesion that is characterized by diffuse mesangial matrix
expansion.
Arteriolar lesions involving both the afferent and efferent vessels are also prominent and common
in DM. Over time, hyaline material replaces the entire vessel wall structure and this is highly specific
for DM
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(A) Diffuse mesangial matrix expansion, increased mesangial hypercellularity, and prominent glomerular basement membranes
(B) diffuse mesangial expansion and arteriolar hyalinosis , (bottom) nodular mesangial expansion (Kimmelstiel-Wilson nodules) and
concomitant hyalinosis of afferent and efferent arterioles
(C) Arteriolar hyalinosis: both afferent and efferent arterioles
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Pathophysiology of diabetic nephropathy.
Abbreviations: AGE, advanced glycation end product; ECM, extracellular matrix.
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Case 1:
A 52-year-old woman with T2DM diagnosed 1 year ago is referred to you for evaluation of proteinuria
noted first 3 months ago. Family history is positive for diabetic nephropathy.
Physical examination shows blood pressure (BP) of 140/95 mm Hg and normal fundal examination
findings and is otherwise unremarkable.
Laboratory studies show serum creatinine concentration of 0.9 mg/dL, and urinalysis shows protein (3+)
with unremarkable sediment.

Question 1: Which of the following statements is correct?
a) The finding of proteinuria 6 months after the diagnosis of T2DM is strongly against the diagnosis of
diabetic nephropathy.
b) Normal fundal examination findings should strongly suggest an alternative diagnosis.
c) The most likely diagnosis is diabetic nephropathy.
d) Increases in BP in the majority of patients with diabetic nephropathy are seen only after decline in
kidney function.

✓C

13

Natural History
The natural history of diabetic nephropathy in patients with T1DM was initially characterized in the late 1970s by
Kussman et al by examining death records of patients with juvenile-onset DM who were classified as having died of
kidney failure.
➢ Proteinuria appears 11 to 23 years after the T1DM diagnosis,
➢ serum creatinine concentration begins to increase after 13 to 25 years,
➢ ESRD develops after 18 to 30 years.
➢ Small amounts of albumin in the urine (microalbuminuria; 30-300 mg/g creatinine) were noted to precede the
development of overt proteinuria (macroalbuminuria; >300 mg/g creatinine) in most patients, occurring 5 to 10
years after the diagnosis of DM.
✓ Microalbuminuria and macroalbuminuria are referred to as A2 and A3, respectively, by the KDIGO

➢ The rate of GFR loss can be on the order of 7 to 12 mL/min/1.73 m2 per year.
✓ Treatment with (RAS) inhibitors has reduced this rate of decline to 3 to 6 mL/ min/1.73 m2 per year
✓ More recent analysis of participants in 2 large multinational renal clinical trials in patients with established
advanced diabetic nephropathy and proteinuria, the risk for ESRD was significantly more common than
cardiovascular death
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Natural History
The natural history of diabetic nephropathy in patients with T2DM is essentially identical
to that in patients with T1DM

However,
the timing of DM onset in patients with T2DM is difficult to assess.
A patient may even present with proteinuria and on kidney biopsy have DN before T2DM
is diagnosed
Another important difference is
The major macrovascular complication, namely cardiac disease and death due to cardiac
disease, can occur at any point along the course of a patient with T2DM from the onset
of DM and early diabetic nephropathy, whereas the elevated risk for cardiovascular
disease is not apparent until advanced kidney disease has developed in patients with
T1DM
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Natural History
Recent reports have noted that up to 25% of patients with T2DM and diminished
kidney function have little or no proteinuria despite having biopsy-proven diabetic
nephropathy. The cause of this change in profile of diabetic nephropathy is unclear
This phenomenon may be due to the impact of long-term RAS-inhibitor therapy,
underdiagnosed unresolved acute kidney injury, or other factors impacting on the
traditional natural history
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Natural History
in individuals with T1DM.
Hypertension is a common finding in these patients, often preceding the increase in serum
creatinine concentration.
Retinopathy as noted is seen in only two-thirds of these patients
95% of patients with T1DM and diabetic nephropathy also have diabetic retinopathy

The development of significant albuminuria before 5 years’ or after 25 years’ duration of
T1DM decreases the likelihood of diabetic nephropathy.
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Natural History
patients with T2DM
Are more challenging because these epidemiologic clues are not as helpful. Diabetic
retinopathy is concordant with diabetic nephropathy in only about 60% to 65% of cases;
thus, its absence does not generate a high negative predictive value for the diagnosis of
diabetic nephropathy.
Also, because the onset of T2DM is generally unknown, one cannot as reliably use the
natural history timeline to assist in diagnosis
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The role of the kidneys in carbohydrate metabolism and insulin
handling and the changes in carbohydrate metabolism in CKD
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Glucose Homeostasis in the Fasting State Illustrated by the
glucose production and utilization post-absorptive State
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Intra-renal Pathways of Insulin Removal

Rabkin R et al. The
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27: 351-357
1984; 27: 351-357
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Renal Handling of Insulin
• The renal clearance of insulin is 200 ml/min (due to the contribution of
tubular secretion).

• 6-8 units of insulin are degraded by the kidney/day
(25% of the daily endogenous insulin production).
• Renal metabolism is enhanced in DM on exogenous insulin.
• (injected insulin enters the systemic circulation directly without first
passing through the liver).
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The Role of the Kidneys in Carbohydrate Metabolism in Health and Disease
I. Pathophysiology
• The kidney plays a role in carbohydrate metabolism by:

• Glucose is filtered and reabsorbed
• Insulin disposal
• Disposal of most antidiabetic drugs
• Significant contribution to basal (fasting) glucose level by 20-25%
• The kidney is a target organ for damage by macro and microvascular
diabetic complications.
• The kidney is now a target for Treatment.
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The Role of the Kidneys in Carbohydrate Metabolism in Health and Disease

II. Clinical Implications.

• In DM+CKD, insulin requirements show a biphasic course:
A. As renal function deteriorates in both DM types:
Glucose control commonly deteriorates (insulin resistance)
B. In ESRD; the fall in insulin clearance results in improvement in
glucose tolerance judged by:
• Lower insulin requirements
• Lower OHA dose
• cessation of insulin therapy
• Spontaneous hypoglycemia (multi-factorial).
25

Treatment of Diabetic Nephropathy
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4 major arenas:
➢Cardiovascular risk reduction
➢Aggressive risk factor modification is undertaken
➢Tobacco cessation
➢Lipid-lowering therapy
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Management of Diabetes in Chronic Kidney Disease:
The Challenges
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• Higher levels of HbA1c were associated with higher death rates in patients with DM and CKD
after adjusting for markers of inflammation and malnutrition.
• ESRD significantly alters:
• glycemic control
• results of hemoglobin A1c testing
• the excretion of anti-diabetic medications.
• Various and opposing effects of ESRD and dialysis can make BG levels fluctuate widely, placing
patients at risk of hypoglycemia and present a challenge for physicians.
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Management of Glycemia in Chronic Kidney Disease:
Context – Scarce Data
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Management of Glycemia in Chronic Kidney Disease:
Context. Sources for in depth discussion

31

Glycemia-Related Issues in CKD
Glucose metabolism &
pharmacokinetics
• Increased risk of hyperglycemia
• Increased production and use of
glucose
• Impaired glucose disposal
• Increased insulin resistance

• Increased risk of hypoglycemia
• Impaired renal gluconeogenesis
• Decreased insulin clearance
• Decreased clearance of oral
hypoglycemic agents

Monitoring of Glycemic Control
• Falsely increased HbA1c
• carbamylated hemoglobin in erythrocytes
interfering with HbA1c assay

• Falsely decreased HbA1c
• Increased RBC turnover (reduced life span)
• Use of erythropoietin
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Factors Influencing Management Strategy of Glycaemia in CKD
Kidney Disease Factors:

General Factors:

• Severity of kidney disease
• Anemia
• Dialysis and type

• Age
• Expected survival
• Resource availability.

• Haemolysis

• Cost
• Family/professional support

Diabetes Factors:
•
•
•
•

Type of diabetes
Severity
Previous treatment
Hypoglycaemia (+/- unawareness)

Patient Choice:
• Ability to manage
• Willingness to manage
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Fluctuation of blood glucose and monitoring of glycemic control in CKD
• Several factors can negatively influence glycaemic control in diabetic patients:
•
•
•
•

poor food intake
insufficient exercise
uraemia-induced anorexia
insulin metabolism disorders
• insulin resistance
• and reduced insulin clearance
• inadequate drug therapy.

• In diabetic patients with ESRD additional factors can cause blood glucose (BG)
fluctuations.
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Current and new antidiabetic medications: benefits and risks
Intervention

Advantages

Disadvantages

Metformin

• Weight neutral
• May improve lipid profile

• GI side effects, Lactic acidosis (rare)

Sulphonylureas

• Well established

• Weight gain, Hypoglycaemia

Thiazolidinediones

• Durable glycaemic control

• Fluid retention, congestive heart failure
• Weight gain, bone fractures

Meglitinides

• Short duration

• Weight gain, Frequent dosing

Insulin

• No dose limit
• Improves lipid profile

• Injections, Weight gain, Hypoglycaemia

-Glucosidase inhibitors

• Weight neutral
• Do not cause hypoglycaemia

• Frequent GI side effects
• Dosing 3 times/day

Amylin analogues

• Weight loss

• Injections, frequent GI side effects

DPP-4 inhibitors

• Weight neutral

GLP-1 agonists

• Weight loss

• Injections, frequent GI side effects

SGLT2 inhibitors

Insulin-independent, weight
reduction, BP lowering

eGFR dependent, mycotic infection, risk of dehydration
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Relationship among therapeutic class, medication dose and creatinine clearance
I. Metformin
• Risks: Lactic acidosis, marked GI side effects.
• USA prescribing information:
• contraindication for men with serum creatinine X1.5 mg/dL and women with
serum creatinine X1.4 mg/dL

• UK guideline allows metformin in patients with eGFR >30
• KDIGO: metformin in patients with eGFR >45
eGFR = mL/min/1.73 m2

Betonico CC et al. CLINICS 2016;71(1):47-53
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Relationship among therapeutic class, medication dose and creatinine clearance
II. Sulphonylureas
• First generation are mostly renaly excreted - contraindicated
• Second Generation: partly metabolized by the liver, may be used cautiously.

• Third generation: best options with monitoring for hypoglycemia
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Relationship among therapeutic class, medication dose and creatinine clearance
II. Sulphonylureas
• Gliclazide:
• Reduce dose if eGFR <30
• Not recommended if eGFR <15

• Glimepiride:
• Initiate conservatively at 1 mg daily
• Avoid use if eGFR <60

• Glipizide:
• No dose adjustment required

• Glibenclamide
• Avoid use in patients with eGFR <60
eGFR in terms = mL/min/1.73 m2

Betonico CC et al. CLINICS 2016;71(1):47-53
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Relationship among therapeutic class, medication dose and creatinine clearance
III. DPP-4 inhibitors
• Sitagliptin and saxagliptin: dose adjustment required
• Sitagliptin
• 50 mg daily if eGFR 30–50
• 25 mg daily if eGFR <30

• Saxagliptin: 2.5 mg daily if eGFR <50
• Alogliptin:
• 1.25 mg/day when eGFR 30–60
• <0.625 mg/day eGFR <30 (or on hemodialysis)
• Linagliptin No dose adjustment required
eGFR in terms = mL/min/1.73 m2

Betonico CC et al. CLINICS 2016;71(1):47-53
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Relationship among therapeutic class, medication dose and creatinine clearance
IV. Meglitinides, AGI’s and TZD’s
• Repaglinide:
• Initial dose of 0.5 mg before meals when eGFR <30

• Nateglinide (not used in UAE):
• Caution when used with eGFR <30
• Initiate with 60 mg before meals

• a-Glucosidase inhibitors:
• Only Acarbose is available in UAE.
• Avoid if eGFR <30

• TZDs (Pioglitazone only)
• No dose adjustment required.
• Caution in CKD & hypervolemia
Betonico CC et al. CLINICS 2016;71(1):47-53
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Relationship among therapeutic class, medication dose and creatinine clearance
V. GLP-1 RA
Liraglutide (0.6-1.8 mg daily)
• No restrictions if eGFR >30
Dulaglutide (0.7-1.5 mg weekly)
• No dose modifications on any renal impairment.

Exenatide: (QD= 5-10 mcg; QW = 2 mg)
• eGFR 30 and 50: Dose <5 mcg daily.
• eGFR <30: QDE -Avoid QDE; DWE -Use with caution
Lixisenatide (10,20 mcg)
• Avoid if eGFR <50.
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Relationship among therapeutic class, medication dose and creatinine clearance
VI. SGLT2 inhibitors

Canagliflozin: (100,300)
• eGFR >60: No dose adjustment required.
• 100 mg daily if eGFR 45–59.
Empagliflozin: (10,25)
• GFR ≥45: No dosage adjustment required
• eGFR <45: Do not initiate
Discontinue if eGFR persistently falls below 45
Dapagliflozin: (5,10)
• eGFR: <60 Avoid use.
• Discontinue use if eGFR <45 (?60)
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Relationship among therapeutic class, medication dose and creatinine clearance
VI. SGLT2 inhibitors
• Mild eGFR reduction may occure after initiation of SGLT2 inhibitors.
However:
• Long term slowing of renal disease progression has been documented
with the first trial (Empa-reg).
Perhaps
• for now: Caution if reduction in eGFR
• Marked
• Progressive
• Persistent
43
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Relationship among therapeutic class, medication dose and creatinine clearance
VII. Insulin
• Consider insulin as:
• Short/Rapid
• Intermediate
• Long or Basal

• Adjust insulin doses as follows:
• Based on regular SMBG
• If established on insulin:

• Analogues have less risk of
hypoglycaemia

• Reduce by 25% - GFR<50

• Premix insulin may be used within the
context of meal pattern

• Adjust for changing Mode of dialysis

• Reduce by 50% - GFR<10

O’Toole et al. 2012
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Principles of hypoglycemia management
in non-diabetic and diabetic ESRD patients

Managing hypoglycemia
in
ESRD patients can be
challenging.
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Hypoglycemia

• Glucose is a necessary fuel for the brain under physiological states. Severe
hypoglycemia may result in acute mental status changes, seizures, coma
and death.
• Several clinical states known to potentially cause hypoglycemia in nondiabetic ESRD patients should be recognized.
• increased risk of stroke in patients with renal failure. Cardiac arrhythmias
are another potential clinical manifestation of hypoglycemia
• ESRD patients can be more vulnerable to the neurological and
cardiovascular effects of hypoglycemia due to the high prevalence of
cardiovascular disease, dementia and administration of analgesics.
• hence, extensive biochemical evaluation of low plasma glucose should be
commenced as soon as possible.
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Risk for hypoglycemic episodes
Most oral hypoglycemic medications are metabolized and cleared by the kidney
Thirty percent to 45% of insulin is metabolized and cleared by the kidneys.
✓ Therefore, as kidney function decreases, insulin lasts longer
✓
➢
➢
➢

Hence hypoglycemia :
It may last for a prolonged period
Doses of these agents and insulin must often be reduced as kidney function decreases
Need hospitalization for observation

✓ Metformin in contraindicated in patients with eGFRs < 30 mL/min/1.73 m2
✓ Caution also to be taken with dose adjustments for many of the newer oral and injectable diabetes
therapies.
✓ Newer agents, namely dipeptidyl peptidase 4 (DPP-4) and SGLT2 inhibitors, have demonstrated
cardiovascular disease benefit.
✓ One should be familiar with these agents and their dosing in patients with reduced kidney function
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Hypoglycemia
• Adrenal insufficiency, infection, malnutrition and/or administration of certain
medications can reduce plasma glucose.
•

These conditions are not mutually exclusive and can occur simultaneously in the
same patient.

•

In the outpatient setting, in individuals who appear seemingly well, Whipple’s
triad —symptoms should be documented to confirm the hypoglycemic disorder
before initiation of extensive work-up.

• On the other hand, in acutely ill patients, the evaluation of signs and symptoms
of hypoglycemia is difficult;
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▪ Patients with end-stage renal disease (CKD) regardless of diabetes status are at increased risk
of hypoglycemia with a resultant array of adverse clinical outcomes.
▪ Therefore, hypoglycemia should be thoroughly evaluated in ESRD patients.
▪ In diabetic dialysis patients, hypoglycemic agents and nutritional alterations can trigger
hypoglycemia in the background of diminished gluconeogenesis, reduced insulin clearance by
the kidney and improved insulin sensitivity following initiation of renal replacement therapy.

▪ The etiology of hypoglycemia in non-diabetic ESRD patient can be grouped in
conditions associated with decreased or undetectable insulin level, and those with
inappropriately high insulin concentration.
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• In certain situations, it is important to recognize the possibility of non-diabetic causes of
hypoglycemia in patients with diabetes and to avoid treating pseudo-hyperglycemia
caused by glucose- non-specific glucometers in patients utilizing icodextrin-based
solutions for peritoneal dialysis.
• Adrenal insufficiency, certain medications, malnutrition and/or infection are among the
most common causes of hypoglycemia in non-diabetic ESRD patients, and they should be
suspected after exclusion of inadvertent use of hypoglycemic agents.
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Algorithm for the diagnostic approach to hypoglycemia in ESRD patients. AI, adrenal insufficiency.
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❑ Both diabetic and non-diabetic patients on renal replacement therapy (RRT) are at
high risk for hypoglycemia.
❑ A growing body of evidence indicates that hypoglycemia caused by tight glycemic
control in patients with diabetes on RRT should be regarded as a serious clinical sequel
that affects mortality and morbidity of ESRD patients
❑ Malnutrition, weight loss and a high incidence of infections may further reduce
appearance of glucose from exogenous and endogenous sources, thereby contributing
to the development of hypoglycemia in ESRD.
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EVALUATION OF HYPOGLYCEMIA IN CKD PATIENTS WITH DIABETES

Annually, each patient with TIDM is at risk of experiencing 1–3 episodes and every other
person with T2DM may have at least one episode of severe hypoglycemia.
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✓ Patients with diabetes and declining kidney function are at even higher risk for hypoglycemia.
✓ Decreased insulin clearance, impaired renal gluconeogenesis, malnutrition and hypoglycemic agents are
among the main factors predisposing to hypoglycemia in diabetic ESRD

✓ It should be noted that current evidence suggests avoiding strict glycemic control in ESRD patients
✓ Targeting hemoglobin A1c between 7.0 and 7.9% is associated with the lowest mortality in dialysis
patients.
✓ Maintenance hemodialysis can independently contribute to hypoglycemic events in ESRD, and glucosefree dialysate use for hemodialysis should be avoided.
✓ The risk of asymptomatic hypoglycemia is highest during the first 24 h after dialysis independent of
caloric intake. Improved insulin sensitivity may partially explain this observation.
✓ Proper adjustment of the dose of hypoglycemic agents such as reduction of insulin dose, avoidance of
missed meals and self-monitoring of blood glucose may lower risk of hypoglycemia.
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✓ The choices of hypoglycemic agents for the treatment of diabetes in ESRD are limited.
✓ Sulfonylureas, meglitinides and insulin are the most likely to be associated with hypoglycemia in ESRD
patients.
✓ Glyburide use should be strongly avoided in ESRD as the medication itself and its active metabolites
are cleared exclusively by the kidney.
✓ Recent study showed that the risk of hypoglycemia is increased in older T2DM patients treated with
glyburide and glipizide who received antimicrobial agents such as quinolones, macrolides and
sulfamethoxazole-trimethoprim
✓ Caution should be exercised when prescribing antimicrobial agents in older ESRD patients whose
diabetes is managed by sulfonylureas.
✓ In stable diabetic patients on chronic insulin therapy who progressed to ESRD, insulin dose reduction
should be advised to avoid hypoglycemia.
✓ Some observed a need in 40–50% reduction in daily insulin requirements in attempt to avoid
hypoglycemia in type 1 and insulin-dependent type 2 diabetic patients who were followed from the
onset of overt nephropathy until the final stage of renal disease
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➢ If initiation of insulin therapy is required in insulin-naïve ESRD patients with T2DM,
starting basal insulin 10–12 units once daily with further titration according selected
glycemic goals can be safe and efficacious.
➢ To date, there are no published clinical studies that evaluated long-term safety and
efficacy of basal insulin.

➢ In hospitalized patients with renal insufficiency, short-term administration of rapid
and long-acting insulin in the dose of 0.25 u/kg/day was safe and effective in the
management of diabetes in acute setting.
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➢ Thiazolidinedione pioglitazone and dipeptidyl peptidase-4 (DPP-4) inhibitor are
oral antidiabetic medications characterized by overall the lowest hypoglycemia
risk
➢ History of heart failure, osteoporosis or concerns regarding the worsening of
peripheral edema may limit the use of pioglitazone in ESRD.
➢ DPP-4 inhibitors appear to be relatively safe and modestly efficient in dialysis
patients with T2DM.
➢ However, their clinical utilization can be hampered by their high cost.
➢ Studies assessing glycemic efficacy and safety of DPP-4 inhibitors in diabetic
ESRD are lacking as dialysis patients are excluded from the long-term outcome
studies.
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➢ Patient education about antidiabetic regimen and hypoglycemia, dietary
interventions, medication adjustments and self-monitoring of blood glucose.

➢ Reduction in insulin dose and adjustment in oral hypoglycemic agents should be
considered in all diabetic ESRD patients experiencing hypoglycemia.
➢ It is also possible that some T2DM diabetes patients on dialysis may discontinue all
hypoglycemic agents—a phenomenon termed as ‘burnt-out diabetes
➢ In patients with recurrent hypoglycemia, other causes of hypoglycemia outside of
diabetes management issues should be considered such as adrenal insufficiency,
infection and/or non-diabetic medications
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EVALUATION OF HYPOGLYCEMIA IN THE NON-DIABETIC ESRD PATIENT
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✓ In a non-diabetic state, biochemical hypoglycemia is defined by a plasma glucose concentration below 55
mg/dL
✓ The Endocrine Society clinical practice guideline suggests that the diagnosis of hypoglycemic disorder
should be made only in those patients in whom Whipple’s triad—
✓ (i) symptoms and/or signs of hypoglycemia,
✓ (ii) plasma glucose concentration below 55 mg/dL and
✓ (iii) resolution of the signs or symptoms after the correction of hypoglycemia—is documented
✓ The first event during the physiological response to hypoglycemia is an inhibition of insulin secretion by
pancreatic β-cells.
✓ Initial biochemical evaluation should include the measurement of blood glucose, insulin and C-peptide.
✓ The Endocrine Society considers an insulin concentration of <3 μU/mL and a C-peptide level of <0.2 nmol/L
as an expected physiologic response to a blood glucose of <55 mg/dL in a person with normal renal
function
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➢ The interpretation of insulin and C-peptide levels in hypoglycemic patients with ESRD
can be challenging.
➢ Most of the circulating insulin is metabolized by the kidney and up to 70% of Cpeptide, a marker of insulin production, is cleared by the kidney.
➢ Insulin and C-peptide in non-diabetic ambulatory ESRD patients are higher than in
non-diabetic individuals with normal kidney function.
➢ The high baseline insulin level may decrease by 50% following a hemodialysis session
likely related to its accelerated Clearance
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➢ Blood glucose-level evaluation in clinical practice is done with point-of-care glucose meters (POC)
or in a central laboratory.
➢ Although POC capillary blood glucose measurement provides a rapid result, the analytical accuracy
of many POC meters for glucose levels <75 mg/dL is ±15 mg/dL.
➢ Also, several clinical variables frequently observed in ESRD such as hypothermia, hypotension,
anemia, pH changes and hypoxia can affect the accuracy of the POC method.

➢ Therefore, to establish a proper diagnosis of biochemical hypoglycemia, glucose measurement, if
possible, should be performed in a central laboratory.
➢ The recovery of adrenergic and neuroglycopenic symptoms of hypoglycemia such as palpitations,
anxiety, sweating, tremors, slurred speech, hunger, dizziness and/or fainting along with the increase
in blood glucose concentration following the provision of exogenous dextrose will further ascertain
the diagnosis of hypoglycemia.
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✓ Patients with ESRD undergoing peritoneal dialysis using icodextrin must use glucose
specific POC glucometers.
✓
✓ The etiology of hypoglycemia in non-diabetic ESRD patient can be grouped in
conditions associated with decreased or undetectable insulin level, and those with
inappropriately high insulin concentration.

✓ Malnutrition, alcohol abuse, organ failure, infections, drugs and/or adrenal
insufficiency are among the frequently encountered clinical states in which
hypoglycemia is most likely to be associated with hypoinsulinemia.
✓ Importantly, in clinical practice, hypoglycemia in non-diabetic ESRD is often
multifactorial and triggered by more than one event.
✓ A review of medical history and physical examination are necessary to identify early
clues, suggesting potential etiologies of hypoglycemia in ESRD.
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❑ Adrenal insufficiency is one of the clinically important etiologies of hypoglycemia in the
general population and, if suspected, requires a prompt diagnosis, as the institution of
steroid replacement therapy will result in the immediate improvement of plasma glucose
level.
❑ Adrenal failure is not infrequent in patients with ESRD. was made in 18% of dialysis

patients with unexplained hypotension.(1 study)
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❑ The vast majority of ESRD patients have concomitant hypertension requiring drug
therapy. Therefore, unexplained reduction in blood pressure requiring reduction of
antihypertensive medications along with hypoglycemia could be a sign of adrenal
insufficiency.
❑ Hence, a high level of clinical suspicion is required To initiate work-up for adrenal
insufficiency in ESRD Patients
❑ In ambulatory patients without ESRD, adrenal insufficiency is diagnosed if morning
(6–8 am) cortisol level is below3–5 μg/dl (80–138 nmol/L)
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❑ Once adrenal insufficiency has been ruled out in non-diabetic ESRD patients with
low plasma insulin levels, an assessment for other causes of hypoglycemia should be
performed.
❑ In the presence of appropriately suppressed insulin and C-peptide levels, insulin-like
growth factor-II producing tumors and insulin receptor stimulating antibodies can
cause hypoglycemia, but these conditions are extremely rare in the general
population
❑ In the absence of adrenal insufficiency, hypoinsulinemic hypoglycemia in ESRD
patients will be multifactorial due to causes such as malnutrition or multi organ
dysfunction.
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✓ Pending the implementation of multifaceted therapies to improve underlying medical conditions,
nutrition therapy should be started to restore and maintain euglycemia, such as initiation of
nutritional supplements containing 100–150 g of carbohydrates daily.
✓ Reduced appetite is common in dialysis patients and can contribute to malnutrition.
✓ Management of anorexia should be initiated by addressing the treatment of the underlying medical
problems when possible.
✓ The appetite stimulant megestrol acetate has been shown to increase serum albumin levels and
anthropometric indexes.

✓ Clinicians should be aware of the possibility of adrenal insufficiency in patients who receive chronic
megestrol acetate which can occur even after discontinuation of megestrol.
✓ Anecdotal evidence suggests that antidepressant mirtazapine and antiemetic agent dronabinol can
be as appetite stimulants without risk of hypoglycemia.
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✓ High levels of plasma insulin level in a patient with nondiabetic hypoglycemia suggest the
presence of endogenous or exogenous hyperinsulinism.
✓ The etiologies of hypoglycemia associated with overproduction of endogenous insulin are
insulinoma, hyperplasia of pancreatic β-cells and endogenous insulin release due to
inadvertent or surreptitious use of insulin secreatgogoes.
✓ Diagnostic clues suggesting the presence of endogenous hyperinsulinemia include
hypoglycemia and simultaneously elevated insulin and C-peptide levels.
✓ No cases of insulinoma were reported in hemodialysis patients.
✓ To further reflect on the challenges in the interpretation of insulin levels in hemodialysis
patients, it was shown that the average pre-dialysis fasting plasma insulin concentration was
21.6 μU/mL that was 3- to 4-fold higher than in control patients with normal renal function
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Hypoglycemia: Other Causes
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Medication errors or surreptitious use of insulin in nondiabetic individuals can result in
hypoglycemia due to exogenous hyperinsulinemia.
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✓ administration of oral hypoglycemic agents in non-diabetic patients.
✓ A serum hypoglycemia screen that detects sulfonylureas and meglitinides metabolites is indicated in
those patients in whom hypoglycemia is suspected to be due to the accidental or surreptitious use of
these hypoglycemic agents.
✓ An accumulating body of evidence demonstrates that antimicrobial therapy may result in non-diabetic
hypoglycemia.
✓ Although it is unclear whether underlying infectious processes contribute to the dysglycemic effect of
antibiotics, some evidence suggests a direct effect of these medications on glucose homeostasis.
✓ About 1–6% of patients exposed to quinolones can develop hypoglycemia. It is thought that quinolones
exert direct β-cell action that results in hyperinsulinemia.
✓ Quinine and pentamidine use is also associated with hypoglycemia, but the quality of evidence
supporting this association is weak.
✓ Severe hypoglycemia associated with elevated concentration of plasma insulin due to trimethoprim–
sulfamethoxazole administration has been recently described in two patients with liver and renal
insufficiency.
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❑ Non-diabetic patients with ESRD are very sensitive to insulin.
❑ This is especially important for those ESRD patients who can receive insulin during medical treatment of
hyperkalemia.
❑ It has been reported that hypoglycemia may occur in 13% of ESRD patients during hyperkalemia
treatment.
❑ Therefore, when administering the standard 25 g of dextrose parenterally (50 mL of 50% dextrose), the
dose of intravenous insulin should be reduced to 5–6 units of regular insulin followed by close blood
glucose monitoring every 1 h during the first 2–3 h after insulin administration.
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Common clinical conditions that may result in hypoglycemia in non-diabetic CKD
✓
✓
✓
✓
✓
✓
✓

Adrenal insufficiency (primary or secondary)
Malnutrition
Infection
Multi organ failure
Medications
Hypoglycemic agents (insulin secretagogues, insulin and insulin analogues)
Antimicrobial agents (quinolones, pentamidine, quinine, trimethoprim–
sulfamethoxazole)
✓ Megestrol acetate (appetizer)
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in acutely ill patients, the evaluation of signs and symptoms of hypoglycemia is
difficult; hence, extensive biochemical evaluation of low plasma glucose should be
commenced as soon as possible.
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GENERAL PRINCIPLES OF ACUTE HYPOGLYCEMIA MANAGEMENT IN ESRD
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✓ Antidiabetic agents are likely to be the most common cause of hypoglycemia in hospitalized
CKD patients with diabetes.
✓ A culprit agent should be discontinued permanently if deemed appropriate or temporarily
with subsequent dose reduction.
✓ Acute situations, whether in the hospital or in a dialysis unit, dictate the use of any available
sugar source to remedy acute hypoglycemia independent of the subject’s diabetes status.
✓ Approximately 15–20 g of dextrose typically should restore mild to moderate hypoglycemia
in adults
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✓ In ESRD patients with diabetic hypoglycemia, reassessment of hypoglycemic therapy, optimization of
nutrition, and search for concomitant conditions that may cause low blood glucose such as infections
and adrenal insufficiency is imperative.
✓ Screening for adrenal insufficiency and evaluation for malnutrition and infections are central in the
evaluation of hypoglycemia in non-diabetic patients.
✓ Measurement of insulin and C-peptide levels will help to determine whether administration of
medications that raise insulin level has occurred.
✓ In the absence of better clinical trial data, the practice of hypoglycemia evaluation and management
in CKD should be based on individualized decision making
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Principles of hypoglycemia management
in non-diabetic and diabetic CKD patients
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1. Managing acute hypoglycemia:
• Administer 15–20 g of glucose per os
○If repeat blood glucose is <70 mg/dL in 15 min, repeat glucose ingestion until blood
glucose is >100 mg/dL
• If patient is unable to tolerate per os, administer:
○ Intravenously dextrose 50% 50 mL or, if there is no intravenous access present,
intramuscular 1 mg glucagon
○ Intravenous 10–20% Dextrose infusion if hypoglycemia persists
• Discontinue temporarily causative hypoglycemic agent in diabetic patient
○Consider octreotide if sulfonylurea overdose is suspected
2. Preventing and managing recurrent hypoglycemia:
• Review and adjust hypoglycemic therapy in patients with diabetes
○ Consider using antidiabetic medications with low hypoglycemia risk
○ Reduce insulin dose in patients with insulin-dependent diabetes
○ Refer for diabetes education if indicated
• Optimize nutrition
• Implement ambulatory self-monitoring of blood glucose
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✓ All patients should be retested in 15 min after 15 g of dextrose therapy.
✓ If subsequent blood glucose remains below 70 mg/dL, the treatment should be repeated.

✓ In patients who experience recurrent hypoglycemia in a dialysis unit, consideration should be given for
their transfer to a higher level of medical care.
✓ In patients who are not able to swallow, intravenous glucose infusion of 25 g of concentrate dextrose
should raise blood glucose; the maneuver should be repeated in 15 min if the patient remains
hypoglycemic.
✓ Sulfonylurea-induced hypoglycemia is particularly difficult to treat in CKD patients and may require
administration of a continuous dextrose infusion.

✓ A higher dextrose concentration (e.g. a 10% solution) may be better suited for CKD patients to avoid
water overload.
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✓ In subjects with normal renal function, octreotide therapy is effective in managing hypoglycemia
after sulfonylurea overdose;
✓ however, in CKD patients, octreotide should be administered at a reduced dose and very briefly to
avoid hyperkalemia.
✓ If intravenous access is not available, 1-mg glucagon injection is preferred.
✓ In malnourished patients, glucagon efficacy may be limited due to poor liver glycogen reserves.
✓ Once adrenal failure is diagnosed in non-diabetic hypoglycemia, initiation of glucocorticosteroid
therapy will result in rapid restoration of blood glucose levels.

✓ Identification bracelets for adrenal insufficiency patients and education of caregivers about glucagon
administration should be considered in outpatient.
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Dialysate solution

❑ Concentration of glucose in dialysate solution may also affect blood glucose levels in both diabetic and
non-diabetic CKD patients.
❑ The majority of dialysis departments utilize dialyzate with a glucose concentration of 100 mg/dL based
on the data suggesting that glucose-free dialyzate predisposes to hypoglycemia
❑ In patients with hypoglycemia, providers may consider using a higher dialyzate glucose concentration
to raise blood glucose level secondary to positive glucose flux during dialysis.
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CONCLUSION
✓ Hypoglycemia evaluation in CKD patients is challenging due to its multifactorial nature related to renal
disease associated medical conditions.
✓ In ESRD patients with diabetic hypoglycemia, reassessment of hypoglycemic therapy, optimization of
nutrition, and search for concomitant conditions that may cause low blood glucose such as infections and
adrenal insufficiency is imperative.
✓ Screening for adrenal insufficiency and evaluation for malnutrition and infections are central in the
evaluation of hypoglycemia in non-diabetic patients.

✓ Measurement of insulin and C-peptide levels will help to determine whether administration of medications
that raise insulin level has occurred.
✓ In the absence of better clinical trial data, the practice of hypoglycemia evaluation and management in
ESRD should be based on individualized decision making.
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