
HOSPITAL MANAGEMENT OF DIABETES (A WALLIA AND JJ SELEY, SECTION EDITORS)

Inpatient Glycemic Management in the Setting
of Renal Insufficiency/Failure/Dialysis

Ravi Iyengar1 & Jennifer Franzese1
& Roma Gianchandani1

Published online: 15 August 2018
# Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract
Purpose of this Review Chronic diabetic nephropathy and renal dysfunction from other causes are common in hospitalized
patients with diabetes. Available diabetes management guidelines aim to reduce hyperglycemia and hypoglycemia, both inde-
pendent risk factors for hospital outcomes. Renal dysfunction, which increases the risk of hypoglycemia, adds a layer of
complexity in diabetes management. Therefore, modified glucose goals and treatment regimens may be required.
Recent Findings Recent prospective and retrospective studies provide direction on safe insulin therapy for diabetes inpatients
with renal compromise. Studies of newer diabetes pharmacotherapy provide data on oral agent use in the inpatient setting.
Summary Diabetes therapy should be modified with changing renal function. Glucose management in patients on peritoneal or
hemodialysis is challenging. Reducing weight-based doses of insulin and use of newer insulins can reduce hypoglycemia risk.
Safety and efficacy of DPP-4 inhibitors has been evaluated in the hospital and nursing home setting. Metformin, SGLT-2
inhibitors, and GLP1 receptor agonists can be used in several stages of renal dysfunction prior to and at discharge.

Keywords Inpatient diabetes . Insulin management . End-stage renal disease . Hemodialysis . Peritoneal Dialysis . Antidiabetic
agents

Introduction

Renal disease is a frequent microvascular complication of di-
abetes, with diabetic nephropathy being the most common
cause of chronic kidney disease and end-stage renal disease
(ESRD), requiring dialysis in up to 50% [1, 2]. In an observa-
tional study of diabetes patients, up to 29% of those admitted
to the hospital experienced one episode of acute kidney injury
increasing the cumulative risk of progression to end-stage

renal disease [3]. This necessitates close glucose follow-up
as decreasing glomerular filtration rate (GFR) is a known risk
factor for hypoglycemia. In addition, several diabetes medica-
tions, including insulin, need dose-adjustment as renal func-
tion declines.

Hyperglycemia and hypoglycemia are now well-
established independent risk factors for inpatient outcomes,
and guidelines for inpatient management from various socie-
ties are available [4, 5]. Currently, specific glucose manage-
ment regimens in renal dysfunction are not well-evaluated, as
there is a paucity of robust prospective studies in this setting.
Renal dysfunction adds a layer of complexity to diabetes man-
agement as it increases the risk of hypoglycemia. In a recent
Veterans Affair study, when serum creatinine increased by
50% from baseline, the risk of hypoglycemia after discharge
increased by 27% [6•].Therefore, the management is challeng-
ing and modified glucose goals and regimens are needed.

Several recent reports show encouraging data of reduced
rates of renal dysfunction in type 1 diabetes patients [7], likely
attributed to RAAS blockade with angiotensin-converting en-
zyme inhibitors (ACE-Is) or angiotensin II receptor antago-
nists (ARBs). Unfortunately, the incidence of nephropathy in
T2DM continues to rise and makes diabetes the most common
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cause of ESRD. There has been an explosion in diabetes phar-
macotherapy over the last few years. Newer diabetes drugs are
safe in renal dysfunction, and some may need dose-
modification for appropriate stages of renal failure. Several
of these drugs, including SGLT-2 inhibitors and GLP-1RAs,
have been shown to reduce progression of renal dysfunction in
diabetes [8•, 9•], though require appropriate dose modification
per FDA recommendations (Table 1). The DPP-4 inhibitors
have been evaluated in the treatment of diabetes in the hospital
and nursing home setting, and in the transition from hospital to
home. Insulin remains the gold standard for diabetes therapy
in hospitalized patients. Recent studies, both prospective and
retrospective, have evaluated safe insulin doses and timing of
insulin therapy in the hospitalized patient with diabetes and
renal compromise.

This review aims to focus on the importance of considering
renal function in managing inpatient diabetes and also pro-
vides an update on insulin dosing, with guidance on insulin
therapy in peritoneal and hemodialysis. We additionally re-
view the use of newer agents in diabetes management in the
inpatient setting.

Pathophysiology The pathophysiology of renal dysfunction
and glucose metabolism is complex and involves several dif-
ferent mechanisms. Endogenous insulin enters the blood
stream via the portal vein and has a half-life of 3 to 7 min with
the liver being the main site of clearance. The kidney has a
secondary role in the metabolism of endogenous insulin; how-
ever, it is the main site for exogenous insulin metabolism
which bypasses the liver and directly enters the systemic cir-
culation (40–60%). Therefore, renal function directly affects
the metabolism of injected insulin for treatment of diabetes
mellitus. Insulin clearance is further reduced in renal failure,
especially when the glomerular filtration rate is less than 15–
20 ml/min. Hepatic clearance may also be affected due to the
presence of early insulin resistance in renal failure and uremic
toxins in ESRD.

Insulin resistance commonly occurs in patients with ESRD.
The mechanism is not well-known, but given that adipose
tissue accounts for less than 2% of the glucose load, skeletal
muscle is most likely the primary site of resistance [10]. In the
uremic patient, impaired degradation of insulin in liver and
muscle contributes to insulin’s prolonged half-life—there is
some evidence that this toxin is pseudouridine [11].
Accumulation of dialyzable uremic toxins with progressive
loss of renal function may cause further inhibition of the in-
sulin degradation system, particularly by the liver which
removes approximately 50% of the insulin secreted into the
portal circulation [10].Changes in calcium metabolism that
occur with uremia may also contribute to decreased insulin
secretion [12]. Hyperparathyroidism and/or vitamin D defi-
ciency is often seen in patients with ESRD and may cause
abnormal insulin secretion in these patients [13, 14].

Together, these factors may lead to a compensatory rise in
insulin secretion as observed in one recent study, which found
higher insulin resistance with resultant increased insulin pro-
duction in patients with ESRD and no diabetes on a transplant
waiting list, compared to a normally matched cohort without
ESRD [15]. When patients are not eating, the liver produces
glucose via glycogenolysis and gluconeogenesis (75 and
25%). However, uremia can cause nausea and loss of appetite,
thus reducing glycogen stores. Approximately 20% of gluco-
neogenesis occurs in the kidney, which is further reduced in
ESRD. These factors combined make patients prone to fasting
hypoglycemia.

Challenges in Management

Blood Glucose Goals

In view of hypoglycemia risk, blood glucose (BG) goals need
to be modified in patients with ESRD and renal insufficiency.
A 2018 retrospective review of 150 hospitalized patients with
T2DM receiving hemodialysis found over half experienced
glucose values less than 70 mg/dL, and 11% experienced hy-
poglycemia with BG less than 40 mg/dL [16•].The 2018
American Diabetes Association standards of care recognize
less stringent HbA1c goals of less than 8.0% (estimated aver-
age glucose 183mg/dL or 10.1mmol/L) may bewarranted for
patients at risk for hypoglycemia [17]. It is also well-known
that uncontrolled diabetes in patients with renal dysfunction
increases mortality. A large Canadian study of over 23,000
patients with estimated GFR less than 60 mL/min identified
a U-shaped mortality curve with HbA1c levels less than 6.5%
or greater than 8.0% [18], suggesting a BG goal between these
values may be ideal. There was no significant increase in
mortality between HbA1c 7.5 to 8.4%, particularly in younger
patients, further supporting modified glycemic targets [19]. It
is appropriate to conclude a HbA1c range between 7.0 and
8.0% may be most beneficial in patients with T2DM and
ESRD, with a suggested BG goal of approximately 154–
183 mg/dL and up to 200 mg/dL for intravenous insulin in
hospitalized diabetes patients [20].

Monitoring Glycemic Control

There are several diagnostic tests that can be used to determine
a patient’s glycemic control. These tests include HbA1c,
fructosamine, and glycated albumin. Each has its own limita-
tions in renal dysfunction.

The relationship between HbA1c and renal failure is com-
plex. Factors that affect glycation rate include temperature,
pH, hemoglobin concentration, glucose concentrate, and the
length of exposure to glucose [21]. Uremia can also interfere
with accurate measurement of HbA1c by the formation of
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carbamylated hemoglobin [22]. Metabolic acidosis addition-
ally increases the rate of formation of HbA1c. Other factors
that influence HbA1c levels in patients on dialysis include
blood transfusions, anemia, a shortened erythrocyte life span,
and routine use of erythropoietin [21].

Similarly, point-of-care (POC) glucose testing in the hos-
pital is standard and can be influenced by multiple factors,
particularly in patients with renal dysfunction. Anemia or
polycythemia may result in falsely low or falsely elevated
glucose recordings, respectively. Hypotension results in hypo-
perfusion and blood stagnation, with correlating low glucose
recordings. Low pH (< 6.95) in the critically ill patient can
lead to falsely low POC testing; similarly, elevated pH levels
can give a falsely high reading [23]. With regard to renal
dysfunction, it is well-studied that patients receiving peritone-
al dialysis with icodextrin can have falsely elevated glucose
recordings with meters utilizing glucose dehydrogenase
pyrroloquinoline quinone (GDH-PQQ) reactions [24, 25]
resulting in severe hypoglycemia due to inappropriate insulin
dosing. The majority of GDH-PQQ meters have mostly been
phased out of the hospital setting, but this correlation with
elevated glucose recordings is important for all health care
providers to be aware of. The gold standard for glucose

measurement is by lab analysis; however, this often does not
result in real-time measurements. Acceptable levels of glucose
meter variation compared to laboratory analysis vary by orga-
nization, with ± 20 mg/dL (1.1 mmol/L) per the FDA and ±
15% per the American Diabetes Association [23].

Fructosamine is a general measure of glycated serum pro-
tein. It correlates with measurements of mean blood glucose
and HbA1c and, therefore, has been suggested as an alterna-
tive measurement of glycemic control [26]. Fructosamine is
not influenced by anemia or variant hemoglobin complexes,
and its measurement represents glycemic control over a 2- to
3-week period as compared with 3 months for HbA1c [27].
However, fructosamine levels are influenced by serum protein
concentrations and by low molecular weight compounds in
the plasma (bilirubin, albumin, uric acid) [28, 29] and may
be falsely low in low-protein states including nephrotic syn-
drome or liver disease. Conversely, it may increase in states of
higher protein turnover, such as dialysis [30].

Glycated albumin is unaffected by hemoglobinopathies
and can be a more accurate measurement of glycemic control
in renal dysfunction than fructosamine [31, 32]. Increased
glycated albumin in diabetic patients with ESRD is also asso-
ciated with diabetic complications including increased

Table 1 Dose adjustments for antidiabetic agents in renal dysfunction

Class Drug name Dosing adjustments by GFR (mL/min)

> 60 45–60 30–45 < 30

Biguanides Metformin No change.
Monitor
annually

No change.
Monitor every
3–6 months

Can continue but do not initiate.
Consider 50% dose reduction,
monitor every 3 months

Contraindicated

Sulfonylureas Glipizide Safe in renal impairment, initial dose of 2.5 mg to reduce risk of hypoglycemia

Glyburide No change Long-acting sulfonylureas contraindicated due to risk of hypoglycemia
Glimeperide No change

Glinides Repaglinide No change 0.5 mg with one or two meals daily Not studied with eGFR < 20 mL/min

Nateglinide No change 60 mg three times daily with meals.
Can be used in HD as active
metabolite is cleared

Thiazolidinediones Pioglitazone No dose-adjustment with renal dysfunction, but cautious use due to bone loss

SGLT-2 inhibitors Canagliflozin No change Maximum dose
100 mg daily

Contraindicated

Dapagliflozin No change Initiation not recommended Contraindicated

Empagliflozin No change No change Contraindicated

GLP-1 receptor
agonists

Exenatide No change Use with caution. Initiation not recommended Contraindicated

Liraglutide No dose changes necessary. Use with caution in renal impairment due to nausea and emesis
Albiglutide

Dulaglutide

DPP-4 inhibitors Sitagliptin No change 50 mg daily 25 mg daily

Saxagliptin No change 2.5 mg daily 2.5 mg daily

Linagliptin No change

Alogliptin No change 12.5 mg daily 12.5 mg daily 6.25 mg daily

DPP-4 dipeptidyl peptidase 4;GFR glomerular filtration rate; GLP-1 glucagon-like peptide 1;HD hemodialysis; SGLT-2 sodium-glucose cotransporter
2
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cardiovascular mortality and decreased survival [33,
34].However, there are still limitations for the use of glycated
albumin for glycemic control. Data on therapeutic targets is
minimal, and variability exists in high albumin turnover states,
such as patients with proteinuria or on peritoneal dialysis.

Management

Insulin Therapy in Renal Disease

A limited number of studies evaluate insulin management in
patients with varying degrees of renal impairment, and they
are primarily confined to outpatient encounters and dialysis
centers, but more studies are emerging. Practical applications
can be transitioned to inpatient management. Fluctuating glu-
cose control surrounding variable inpatient dialysis schedules
and dietary restrictions significantly influence treatment regi-
mens. Additionally, dialysate formulations in hemodialysis
(HD) and peritoneal dialysis (PD) can impact glucose control.
Insulin is used exclusively in hospitalized patients with diabe-
tes mellitus requiring dialysis. It is important to monitor the
patient’s blood glucose level sequentially with the patient’s
kidney function and adjust the insulin dose to prevent hypo-
glycemia. In general, it has been recommended that when the
GFR declines to between 10 and 50 mL/min, the insulin dose
should be decreased by 25%.When the GFR decreases to less
than 10 mL/min, the insulin dose should be reduced by 50%
[35]. Here, we review recommendations for insulin manage-
ment in accordance with renal dysfunction.

CKD Stages I and II (eGFR > 60 mL/min)

Insulin dose-adjustments are generally not required for pa-
tients with creatinine clearance (CrCl) above 60 mL/min. In
the hospitalized setting, special considerations must be taken
into account for dietary restrictions or NPO status, requiring
up to a 25–30% reduction in basal insulin [36, 37].
Additionally, the use of total parenteral nutrition (TPN) or
glucocorticoids may prompt the need for higher doses and
basal bolus insulin therapies.

CKD Stages IIIa, IIIb, and IV (eGFR 15–59 mL/min)

Reductions in total daily insulin requirements by 50% (from
0.5 units/kg to 0.25 units/kg) in 107 hospitalized diabetes
mellitus patients with eGFR < 45 mL/min receiving glargine
and glulisine at three institutions have been shown to reduce
the frequency of hypoglycemic events without compromising
control of hyperglycemia [38]. We recommend for insulin-
naïve patients with eGFR < 60 mL/min a starting total daily
insulin dose of 0.2–0.3 units/kg/day in accordance with the
Endocrine Society standards of care [4]. Patients with eGFR

< 50 mL/min may consider a total daily insulin reduction of
25–50% [35]. Fifty percent of the total daily dose can be used
for basal insulin and 50% for prandial insulin, further divided
by a factor of three to account for three meals per day. A
correctional insulin component should be added with meal-
time insulin to account for hyperglycemic variability. Prandial
insulin should be held if the patient is NPO. Factors that in-
fluence further insulin reduction include dietary restrictions,
poor appetite, and pending procedures. Certain prandial insu-
lins, namely insulin aspart, may not require any dose reduc-
tion. A study of 346 patients with T1DM found no association
between aspart doses and eGFR, though a 33% reduction in
lispro was necessary for patients with eGFR < 60 mL/min
compared to those with eGFR> 90mL/min [39]. Patients with
stable renal function who demonstrate adequate glucose con-
trol with rare hypoglycemic events at home may not require
changes to insulin therapy upon admission depending on clin-
ical context.

CKD Stage 5/ESRD (eGFR <15 mL/min)

Insulin requirements are further decreased once the patient
starts dialysis as peripheral insulin resistance improves after
initiating dialysis [35]. Patients receiving peritoneal dialysis
can receive insulin directly in the dialysate. This is more reli-
able and physiologic delivery than subcutaneous delivery of
insulin and results in fewer hypo- and hyperglycemic episodes
[40].

Hemodialysis

Sobngwi et al. demonstrated using a euglycemic clamp that
outpatients required a 25% reduction in basal insulin up to
24 h after hemodialysis (HD) with no change in bolus require-
ments [41]. A previous, smaller study observed insulin ana-
logues reach peak concentration faster than human insulin
with a shorter duration of action and more rapid metabolism
when given at the onset of hemodialysis [42]. This offers an
explanation for prandial insulin dosing to remain relatively
less affected than basal insulin with renal impairment. Few
studies have gone further to suggest equal efficacy of basal-
only versus prandial-only insulin regimens [43]; however, due
to variability of inpatient dietary status and timing of dialysis,
we recommend utilizing a combination of basal-bolus
regimen.

Basal insulin regimens studied in ESRD include NPH,
detemir, glargine, and degludec. Patients switching from
twice daily NPH insulin or pre-mixed insulin to once
daily glargine at equivalent or reduced doses were dem-
onstrated to have an improvement in HbA1c and 96%
less hypoglycemic episodes, with increased patient satis-
faction [44]. The previously stated reduction in basal
insulin requirements up to 24 h after dialysis additionally
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suggests different insulin regimens may be needed on
dialysis versus non-dialysis days. Some institutions have
demonstrated improved glycemic control with basal insu-
lin only on dialysis days (three times weekly), adminis-
tered by the dialysis team [45]. This has not been report-
ed in the inpatient setting and is likely difficult to
achieve due to variable dialysis schedules. We recom-
mend a 50% reduction in glargine for patients admitted
to the hospital requiring acute dialysis. Patients admitted
for non-renal causes receiving maintenance hemodialysis
may not require dose changes.

Degludec is another basal insulin with an ultra-long dura-
tion of action exceeding that of glargine. Pharmacokinetic
studies have demonstrated its half-life to exceed 25 h and
achieve a steady state within 3 days and cause less nocturnal
hypoglycemia. Degludec is dosed daily with its glucose-
lowering properties shown to last over a 42-h period [46]. In
one study, 30 subjects with varying degrees of renal impair-
ment, including ESRD on hemodialysis, received a single
dose at 0.4 units/kg and demonstrated no statistical difference
in total exposure to degludec between 0 and 120 h [46].

Jacobsen et al. demonstrated in a small study administering
1.2 nmol/kg of insulin detemir in patients with varying de-
grees of renal dysfunction showed no statistical difference in
the area under the curve (AUC) over 24 h [47]. Therefore,
degludec and detemir can be used in dialysis patients at an
appropriate dose to maintain adequate BG levels in patients
with CKD.

Regarding prandial insulin, a small study observed insulin
analogues reach peak concentration faster than human insulin
with a shorter duration of action and more rapid metabolism,
resulting in fewer hypoglycemic episodes in patients receiving
HD [42]. Holmes et al. demonstrated a subset of T2DM pa-
tients with eGFR < 30 mL/min receiving aspart had no signif-
icant difference in pharmacokinetic parameters than those
with eGFR > 50 mL/min [48]. This was further corroborated
by the previouslymentioned study of 346 patients with T1DM
[39]. We recommend utilizing insulin analogues rather than
regular insulin with meals. Dose reductions of insulin lispro
and glulisine may be required as opposed to insulin aspart.

Asymptomatic hypoglycemia is a feared complication in
patients on HD [49].Utilization of glucose-containing dialy-
sate versus glucose-free dialysate is thought to avoid this com-
plication [50], with lower concentrations of glucose in dialy-
sate (100 mg/dL vs. 200 mg/dL) helping to avoid the opposite
spectrum of significant hyperglycemia after HD [51]. In a
recent retrospective review, hospitalized patients with ESRD
receiving weight-based insulin doses greater than 0.23 units/
kg/day had a much higher risk of hypoglycemia.
Hypoglycemia was more common in the morning before di-
alysis than after dialysis, and the total daily dose (TDD) of
insulin rather than timing of the dose was the more important
predictor of hypoglycemia [16•]. Patients with T1DM are

more at risk than those with T2DM; thus, careful attention
and lower insulin doses may need to be utilized for these
patients.

Peritoneal Dialysis

Peritoneal dialysis can have significant effects on BG variabil-
ity depending on the type of dialysis and dialysate used. Types
of peritoneal dialysis include continuous ambulatory peritone-
al dialysis (CAPD) and continuous cycling peritoneal dialysis
(CCPD) or automated peritoneal dialysis (APD). The former
requires manual exchanges of dialysate versus the latter which
utilizes a machine to automate dialysis exchanges. Dialysate
options include higher and lower dextrose concentrations (4.5
and 2.5%, respectively) and icodextran. Dialysate concentra-
tions are typically labeled by color, where patients may often
know the color but not the concentration of their specific di-
alysate (Table 2). Extrapolating data from ambulatory centers,
intraperitoneal delivery of regular insulin is superior to subcu-
taneous insulin administration [52]. This may be explained by
direct access of insulin to portal circulation. However, higher
insulin doses are required due to mechanical adsorption, dilu-
tion within the dialysate, and loss of insulin in the peritoneal
cavity [53]. Doses are typically double that of subcutaneous
insulin. Addition of a subcutaneous insulin correction scale is
recommended with intraperitoneal insulin. Glucose monitor-
ing should occur before and after each PD cycle. Peritonitis
can be a complication of intraperitoneal insulin—reported
rates are not higher with intermittent PD but may be slightly
higher in continuous PD [53]. Other complications of focal
hepatic necrosis and subcapsular steatosis have been reported.

Dosing of subcutaneous insulin with PD is again de-
pendent on the dextrose concentration in the dialysate and
timing of PD cycles. NPH insulin given at the start of
nocturnal PD, or regular insulin administered at the start
and 6-h post-initiation, may be sufficient to stabilize gly-
cemic trends. A starting dose of 10% TDD can be given
for 2.5% dextrose concentrations, or 20% TDD for 4.5%
dextrose concentrations. Special attention should be given
to glucose monitoring after PD as patients can be insulin-
sensitive and prone to hypoglycemia during this time.
Patients utilizing icodextran will have falsely elevated
glucose values on glucometers using glucose dehydroge-
nase pyrroloquinoline-based reactions, though the majori-
ty of these have been phased out of the hospital setting
[24, 25].

Table 2 Peritoneal
dialysis concentrations 1.5% Dextrose Yellow

2.5% Dextrose Green

4.25% Dextrose Red
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Non-Insulin Antidiabetic Agents

In the hospitalized setting, we recommend discontinuation of
all non-insulin antidiabetic agents (ADAs) in accordance with
the American Diabetes Association standards of care until
more data is available [17]. Optimization of glycemic control
in an acute setting can be difficult to achieve with non-insulin
ADAs and is often limited by side effects. However, certain
clinical scenarios exist where continuation of non-insulin
ADAs may be reasonable and beneficial.

Incretin-based therapies, specifically DPP-4 inhibitors, are
being studied in the inpatient setting with potential benefits of
improving glycemic control, avoiding hypoglycemia, and
simplifying therapy by reducing number of prandial insulin
injections. An initial pilot study in 2013 by Umpierrez et al.
found in hospitalized patients with moderate glucose control
(defined as total daily insulin use < 0.4 units/kg/day, fasting
glucose < 180 mg/dL, and HgbA1c < 7.5%) no differences in
patients using sitagliptin alone versus in combination with
glargine or basal-bolus insulin alone [54]. This was later cor-
roborated in a multi-center, prospective randomized trial in
hospitalized patients utilizing less than 0.6 units/kg/day total
daily insulin. The DPP-IV inhibitor sitagliptin in combination
with glargine demonstrated non-inferiority compared to basal-
bolus insulin regimens [55•]. DPP-IV inhibitors need to be
dose-adjusted for eGFR (sitagliptin, alogliptin, saxagliptin),
and some can be used without dose modification
(linagliptin) in patients with renal impairment. The use of
saxagliptin has been evaluated in the inpatient setting for pa-
tients with eGFR > 50mL/min and found to be non-inferior to
basal-bolus insulin in T2DM patients treated with diet control
or up to two oral agents without insulin prior to admission
[56•]. A trial of linagliptin in 280 hospitalized post-surgical
patients compared to basal bolus insulin and showed equal
efficacy in treatment of mild-to-moderate hyperglycemia,
and notably significantly less hypoglycemia (12% vs. 2%)
[57•].Recently, data on the use of linagliptin in long-term care
facility/nursing home patients was published. It compared the
use of linagliptin at 5 mg daily versus basal bolus insulin at
0.1 units/kg/day plus correction scale in nursing home resi-
dents with T2DM and eGFR > 45ml/min. BG control was not
significantly different between groups, but there were signifi-
cantly fewer BG levels less than 70 mg/dL in the linagliptin
group [58•].

Intravenous GLP-1RAs have been evaluated in the inpa-
tient setting and show adequate improvement in BG levels
when compared to IV insulin. They do have a high incidence
of nausea and are very expensive [59, 60]. Subcutaneous
GLP1-RA use in the hospital is currently under investigation.
Injectable GLP-1 agonists, however, are used with caution in
renal impairment due to increased risk of nausea and
vomiting, with exenatide contraindicated in ESRD. In the am-
bulatory setting, liraglutide was efficacious in patients with

moderate renal impairment (eGFR 30–59 mL/min) without
further decline in renal function [61•]. Further studies are
needed in the inpatient setting to observe potential benefits
in patients with renal dysfunction.

Long-acting sulfonylureas such as glimepiride and
glyburide can cause prolonged hypoglycemia in patients with
renal insufficiency, and hospital admission may be an oppor-
tunity to alter therapy. Glyburide should not be administered
to patients with a creatinine clearance less than 30mL/min due
to accumulation of metabolites that have some hypoglycemic
activity. Out of the sulfonylureas, glipizide is the best option in
patients with T2DM and ESRD.

Metformin can be restarted in preparation for discharge
home. Newer FDA guidelines replace serum creatinine with
eGFR as a measure of renal function to allow more patients
with mild-to-moderate renal impairment gain its benefits.
FDA guidelines state that metformin is contraindicated in pa-
tients with eGFR < 30 mL/min, and continued use in patients
with eGFR between 30 and 45 mL/min should be monitored.
However, a recent 2018 study demonstrated the safety of met-
formin at specific doses in moderate-to-severe renal impair-
ment. Three complementary studies were performed identify-
ing safe dosing limits in CKD stages 3 and 4 in addition to
investigating pharmacodynamics and observing chronic met-
formin use in this population. They recommend doses of 1.5 g
(500 mg/morning and 1000mg/evening) in CKD stage 3a and
1.0 g (500 mg/morning and 500 mg/evening) in CKD stage
3b, with measurement of GFR every 6 months. Elevations in
lactate > 5 mmol/L or two consecutive measurements >
2.5 mmol/L were indications to hold further metformin
[62•]. Metformin was studied further in CKD stage 4, with
promising results though more data is needed. For inpatient
procedures, metformin is recommended to be stopped for 48 h
after an iodinated contrast imaging procedure in patients with
an eGFR < 60 mL/min/1.73 m2 or a history of liver disease,
alcoholism, heart failure, or in those receiving intra-arterial
contrast. GFR should be re-evaluated before treatment is
restarted [63].

Conclusion

Managing hospitalized patients with diabetes and chronic re-
nal disease poses challenges with glucose management espe-
cially in terms of balancing hyperglycemia with the increased
risk of hypoglycemia. Therefore, glucose goals need to be
modified to higher ranges. Recent studies suggest weight-
based dosing of 0.2–0.3 units/kg with the lower end of this
range recommended for patient with ESRD. Emerging data on
DPP-4 inhibitors is promising and suggests they are safe and
efficacious for BG management in the inpatient setting when
used with or without basal insulin and have low risks of
hypoglycemia.

75 Page 6 of 8 Curr Diab Rep (2018) 18: 75



Compliance with Ethical Standards

Conflict of Interest Ravi Iyengar, Jennifer Franzese, and Roma
Gianchandani declare that they have no conflict of interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance

1. Aldukhayel A. Prevalence of diabetic nephropathy among type 2
diabetic patients in some of the Arab countries. Int J Health Sci
(Qassim). 2017;11(1):1–4.

2. Tuttle KR, Bakris GL, Bilous RW, Chiang JL, de Boer IH, Goldstein-
Fuchs J, et al. Diabetic kidney disease: a report from an ADA con-
sensus conference. Diabetes Care. 2014;37(10):2864–83.

3. Thakar CV, Christianson A, Himmelfarb J, Leonard AC. Acute
kidney injury episodes and chronic kidney disease risk in diabetes
mellitus. Clin J Am Soc Nephrol. 2011; https://doi.org/10.2215/
CJN.01120211.

4. Umpierrez GE, Hellman R, Korytkowski MT, Kosiborod M,
Maynard GA, Montori VM, et al. Management of hyperglycemia
in hospitalized patients in non-critical care setting: an endocrine
society clinical practice guideline. J Clin Endocrinol Metab.
2012;97(1):16–38.

5. Moghissi ES, KorytkowskiMT, DiNardoM, Einhorn D, Hellman R,
Hirsch IB, et al. American Association of Clinical Endocrinologists
andAmericanDiabetes Association consensus statement on inpatient
glycemic control. Endocr Pract. 2009;15(4):353–69.

6.• HungAM, Siew ED,Wilson OD, Perkins AM, Greevy RA, Horner
J, et al. Risk of hypoglycemia following hospital discharge in pa-
tients with diabetes and acute kidney injury. Diabetes Care.
2018;41(3):503–12. Important recognition on the risk of hypo-
glycemic post-discharge in patients with compromised renal
function.

7. Bakris GL, Molitch M. Are all patients with type 1 diabetes des-
tined for dialysis if they live long enough? Probably Not. Diabetes
Care. 2018;41(3):389–90.

8.• Zinman B,Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S,
et al. Empagliflozin, cardiovascular outcomes, and mortality in type
2 diabetes. N Engl J Med. 2015;373(22):2117–28. The EMPA-
REG trial demonstrates cardiovascular benefits in patients
with diabetes on empagliflozin, which has significantly in-
creased the improtance and use of SGLT-2 inhibitors in many
diabetes regimens.

9.• Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF,
NauckMA, et al. Liraglutide and cardiovascular outcomes in type 2
diabetes. N Engl J Med. 2016;375(4):311–22. The LEADER trial
similarly demonstrated improved cardiovascular benefits in
patients on liraglutide, increasing the utility of GLP-1 agonists
in diabetes regimens.

10. Mak R. Renal disease, insulin resistance, and glucose intolerance.
Diabetes Rev. 1994;2(1):19–28.

11. Dzurik R, Spustova V, Lajdova I. Inhibition of glucose utilization in
isolated rat soleus muscle by pseudouridine: implications for renal
failure. Nephron. 1993;65(1):108–10.

12. Mak RH. 1, 25-dihydroxyvitamin D3 corrects insulin and lipid
abnormalities in uremia. Kidney Int. 1998;53(5):1353–7.

13. Mak R, Bettinelli A, Turner C, Haycock GB, Chantler C. The
influence of hyperparathyroidism on glucosemetabolism in uremia.
J Clin Endocrinol Metab. 1985;60(2):229–33.

14. Mak R, Turner C, Haycock G, Chantler C. Secondary hyperpara-
thyroidism and glucose intolerance in children with uremia. Kidney
Int Suppl. 1983;16:S128–33.

15. Guthoff M,Wagner R, Vosseler D, Peter A, Nadalin S, Häring H-U, et
al. Impact of end-stage renal disease on glucose metabolism—a
matched cohort analysis. Nephrol Dial Transplant. 2017;32(4):670–6.

16.• Gianchandani RY, Neupane S, Heung M. Hypoglycemia in hospi-
talized hemodialysis patients with diabetes: an observational study.
J Diabetes Sci Technol. 2018;12(1):33–8.This study is one of first
to highlight the important relationship of hypoglycemia in hos-
pitalized patients on dialysis.

17. Association AD. 6. Glycemic targets: standards of medical care in
diabetes—2018. Diabetes Care. 2018;41(Supplement 1):S55–64.

18. Shurraw S, Hemmelgarn B, Lin M, Majumdar SR, Klarenbach S,
Manns B, et al. Association between glycemic control and adverse
outcomes in people with diabetes mellitus and chronic kidney disease:
a population-based cohort study. Arch Intern Med. 2011;171(21):
1920–7.

19. Kalantar-Zadeh K, Kopple JD, Regidor DL, Jing J, Shinaberger CS,
Aronovitz J, et al. A1C and survival in maintenance hemodialysis
patients. Diabetes Care. 2007;30(5):1049–55.

20. Draznin B. Managing diabetes and hyperglycemia in the hospital
setting: a clinician’s guide: American Diabetes Association; 2016.

21. Kovesdy CP, Park JC, Kalantar-Zadeh K, editors. Glycemic control
and burnt-out diabetes in ESRD. Seminars in dialysis; 2010: Wiley
Online Library.

22. Flückiger R, Harmon W, Meier W, Loo S, Gabbay KH. Hemoglobin
carbamylation in uremia. N Engl J Med. 1981;304(14):823–7.

23. Tonyushkina K, Nichols JH. Glucose meters: a review of technical
challenges to obtaining accurate results. Journal of diabetes science
and technology. 2009;3(4):971–80.

24. Perera N, Stewart P, Williams P, Chua E, Yue D, Twigg S. The
danger of using inappropriate point-of-care glucose meters in pa-
tients on icodextrin dialysis. Diabet Med. 2011;28(10):1272–6.

25. Sbrignadello S, Pacini G, Tura A. Determination of glucose levels
during dialysis treatment: different sensors and technologies. J
Sens. 2016;2016:1–8.

26. Guillausseau P, Charles M, Godard V, Timsit J, Chanson P,
Paolaggi F, et al. Comparison of fructosamine with glycated hemo-
globin as an index of glycemic control in diabetic patients. Diabetes
Res (Edinb, Scotl). 1990;13(3):127–31.

27. Johnson RN, Metcalf PA, Baker JR. Fructosamine: a new approach
to the estimation of serum glycosylprotein. An index of diabetic
control. Clin Chim Acta. 1983;127(1):87–95.

28. Armbruster DA. Fructosamine: structure, analysis, and clinical use-
fulness. Clin Chem. 1987;33(12):2153–63.

29. Koga M, Kasayama S. Clinical impact of glycated albumin as an-
other glycemic control marker. Endocr J. 2010;57(9):751–62.

30. Ansari A, Thomas S, Goldsmith D. Assessing glycemic control in
patients with diabetes and end-stage renal failure. Am J Kidney Dis.
2003;41(3):523–31.

31. Inaba M, Okuno S, Kumeda Y, Yamada S, Imanishi Y, Tabata T, et al.
Glycated albumin is a better glycemic indicator than glycated hemo-
globin values in hemodialysis patients with diabetes: effect of anemia
and erythropoietin injection. J Am Soc Nephrol. 2007;18(3):896–903.

32. Peacock T, Shihabi Z, Bleyer A, Dolbare E, Byers J, Knovich M, et
al. Comparison of glycated albumin and hemoglobin A1c levels in
diabetic subjects on hemodialysis. Kidney Int. 2008;73(9):1062–8.

33. Okada T, Nakao T, Matsumoto H, Shino T, Nagaoka Y, Tomaru R, et
al. Association between markers of glycemic control, cardiovascular

Curr Diab Rep (2018) 18: 75 Page 7 of 8 75

https://doi.org/10.2215/CJN.01120211
https://doi.org/10.2215/CJN.01120211


complications and survival in type 2 diabetic patients with end-stage
renal disease. Intern Med. 2007;46(12):807–14.

34. Fukuoka K, Nakao K, Morimoto H, Nakao A, Takatori Y, Arimoto K,
et al. Glycated albumin levels predict long-term survival in diabetic
patients undergoing haemodialysis. Nephrology. 2008;13(4):278–83.

35. Charpentier G, Riveline J, Varroud-Vial M. Management of drugs
affecting blood glucose in diabetic patients with renal failure.
Management. 2011;110897

36. Dobri GA, LansangMC. Q: how should we manage insulin therapy
before surgery? Cleve Clin J Med. 2013;80(11):702–4.

37. Rosenblatt SI, Dukatz T, Jahn R, Ramsdell C, Sakharova A, Henry
M, et al. Insulin glargine dosing before next-day surgery: compar-
ing three strategies. J Clin Anesth. 2012;24(8):610–7.

38. Baldwin D, Zander J, Munoz C, Raghu P, DeLange-Hudec S, Lee
H, et al. A randomized trial of two weight-based doses of insulin
glargine and glulisine in hospitalized subjects with type 2 diabetes
and renal insufficiency. Diabetes Care. 2012;35(10):1970–4.

39. Kulozik F, Hasslacher C. Insulin requirements in patients with dia-
betes and declining kidney function: differences between insulin
analogues and human insulin? Ther Adv Endocrinol Metab.
2013;4(4):113–21.

40. Khanna R. Dialysis considerations for diabetic patients. Kidney Int
Suppl. 1993;40:S58.

41. Sobngwi E, Enoru S, Ashuntantang G, Azabji-KenfackM, Dehayem
M, Onana A, et al. Day-to-day variation of insulin requirements of
patients with type 2 diabetes and end-stage renal disease undergoing
maintenance hemodialysis. Diabetes Care. 2010;33(7):1409–12.

42. Aisenpreis U, Pfützner A, Giehl M, Keller F, Jehle P.
Pharmacokinetics and pharmacodynamics of insulin lispro com-
pared with regular insulin in haemodialysis patients with diabetes
mellitus. Nephrol Dial Transplant. 1999;14(suppl_4):5–6.

43. Raz I, Wilson PW, Strojek K, Kowalska I, Bozikov V, Gitt AK, et
al. Effects of prandial versus fasting glycemia on cardiovascular
outcomes in type 2 diabetes: the HEART2D trial. Diabetes Care.
2009;32(3):381–6.

44. Toyoda M, Kimura M, Yamamoto N, Miyauchi M, Umezono T,
Suzuki D. Insulin glargine improves glycemic control and quality
of life in type 2 diabetic patients on hemodialysis. J Nephrol.
2012;25(6):989–95.

45. Bouchi R, Babazono T, Onuki T, Mitamura K, Ishikawa Y,
Uchigata Y, et al. Administration of insulin glargine thrice weekly
bymedical staff at a dialysis unit: a new insulin regimen for diabetic
management in physically impaired patients undergoing hemodial-
ysis. Diabetol Int. 2011;2(4):197–201.

46. Kiss I, Arold G, Roepstorff C, Bøttcher SG, Klim S, Haahr H.
Insulin degludec: pharmacokinetics in patients with renal impair-
ment. Clin Pharmacokinet. 2014;53(2):175–83.

47. Jacobsen LV, Popescu G, Plum A. Pharmacokinetics of insulin detemir
in subjects with renal or hepatic impairment. Diabetes. 2002;51:A102.

48. Holmes G, Galitz L, Hu P, Lyness W. Pharmacokinetics of insulin
aspart in obesity, renal impairment, or hepatic impairment. Br J Clin
Pharmacol. 2005;60(5):469–76.

49. Jackson M, Holland M, Nicholas J, Lodwick R, Forster D,
Macdonald I. Hemodialysis-induced hypoglycemia in diabetic pa-
tients. Clin Nephrol. 2000;54(1):30–4.

50. Burmeister JE, Scapini A, da Rosa MD, da Costa MG, Campos
BM. Glucose-added dialysis fluid prevents asymptomatic
hypoglycaemia in regular haemodialysis. Nephrol Dial
Transplant. 2007;22(4):1184–9.

51. Raimann JG, Kruse A, Thijssen S, Kuntsevich V, Dabel P, Bachar
M, et al. Metabolic effects of dialyzate glucose in chronic hemodi-
alysis: results from a prospective, randomized crossover trial.
Nephrol Dial Transplant. 2011;27(4):1559–68.

52. Almalki MH, Mansour AM, Almehthel MS, Sirrs SM.
Subcutaneous versus intraperitoneal insulin for patients with dia-
betes mellitus on continuous ambulatory peritoneal dialysis: meta-

analysis of non-randomized clinical trials. Clin Invest Med
(Online). 2012;35(3):E132.

53. Quellhorst E. Insulin therapy during peritoneal dialysis: pros and
cons of various forms of administration. J Am Soc Nephrol.
2002;13(suppl 1):S92–S6.

54. Umpierrez GE, Gianchandani R, Smiley D, Jacobs S, Wesorick
DH, Newton C, et al. Safety and efficacy of sitagliptin therapy for
the inpatient management of general medicine and surgery patients
with type 2 diabetes: a pilot, randomized, controlled study. Diabetes
Care. 2013;36(11):3430–5.

55.• Pasquel FJ, Gianchandani R, Rubin DJ, Dungan KM, Anzola I,
Gomez PC, et al. Efficacy of sitagliptin for the hospital manage-
ment of general medicine and surgery patients with type 2 diabetes
(Sita-Hospital): a multicentre, prospective, open-label, non-
inferiority randomised trial. Lancet Diabetes Endocrinol.
2017;5(2):125–33. The use of DPP-IV inhibitors in hospitalized
patients is a new paradigm to offer easy and effective therapy in
the hospital with low risk for hypoglycemia. This study specif-
ically explores the use of sitagliptin.

56.• Garg R, Schuman B, Hurwitz S, Metzger C, Bhandari S. Safety and
efficacy of saxagliptin for glycemic control in non-critically ill hos-
pitalized patients. BMJ Open Diabetes Res Care. 2017;5(1):
e000394. Another exploration into DPP-IV inhibitors, specifi-
cally saxaglipitin, as non-inferior to certain diabetes regimens
with low risk for hypoglycemia.

57.• Vellanki P, Alexanian S, Baldwin D, Rasouli N, Anzola IA, Ramos C,
et al. Editors. Efficacy and safety of linagliptin in general surgical
patients with type 2 diabetes: linagliptin surgery trial. Diabetes;
2017: American Diabetes Association 1701 N Beauregard St,
Alexandria, Va 22311–1717 USA. Demonstration of linagliptin as
an effective treatment for mild-to-moderate hyperglycemia with
lower incidence of hypoglycemia than basal/bolus regimens.

58.• Umpierrez GE, Cardona S, Chachkhiani D, Fayfman M, Saiyed S,
Wang H, et al. A randomized controlled study comparing a DPP4
inhibitor (linagliptin) and basal insulin (glargine) in patients with type
2 diabetes in long-term care and skilled nursing facilities: linagliptin-
LTC trial. J Am Med Dir Assoc. 2017; Incorporating the DPP-IV
inhibitor linagliptin as part of diabetes regimens on discharge to
nursing homes is particulalry safe with lower incidences of hypo-
glycemia in this at-risk population.

59. Meier JJ, Weyhe D, Michaely M, Senkal M, Zumtobel V, Nauck
MA, et al. Intravenous glucagon-like peptide 1 normalizes blood
glucose after major surgery in patients with type 2 diabetes. Crit
Care Med. 2004;32(3):848–51.

60. Galiatsatos P, Gibson BR, Rabiee A, Carlson O, Egan JM, Shannon
RP, et al. The glucoregulatory benefits of glucagon-like peptide-1 (7-
36) amide infusion during intensive insulin therapy in critically ill
surgical patients: a pilot study. Crit Care Med. 2014;42(3):638–45.

61.• DaviesMJ, Bain SC, Atkin SL, Rossing P, Scott D, ShamkhalovaMS,
et al. Efficacy and safety of liraglutide versus placebo as add-on to
glucose-lowering therapy in patients with type 2 diabetes andmoderate
renal impairment (LIRA-RENAL): a randomized clinical trial.
Diabetes Care. 2016;39(2):222–30. Patients with mild-to-moderate
renal impairment can still obtain benefits of the GLP-1 agonist
liraglutide without further compromise to renal function.

62.• Lalau J-D, Kajbaf F, Bennis Y, Hurtel-Lemaire A-S, Belpaire F, De
Broe ME. Metformin treatment in patients with type 2 diabetes and
chronic kidney disease stages 3A, 3B, or 4. Diabetes Care. 2018;
https://doi.org/10.2337/dc17-2231. New data to suggest patients
with moderate-to-servere renal impairment can still benefit from
metformin inmodified doses, without further compromising renal
function or increasing the incidence of lactic acidosis.

63. Metformin prescribing information. Bristol-Meyers Squibb.
Available at https://packageinserts.bms.com/pi/pi_glucophage_xr.
pdfAccessed June 2018.

75 Page 8 of 8 Curr Diab Rep (2018) 18: 75

https://doi.org/10.2337/dc17-2231
https://packageinserts.bms.com/pi/pi_glucophage_xr.pdfAccessed
https://packageinserts.bms.com/pi/pi_glucophage_xr.pdfAccessed

	Inpatient Glycemic Management in the Setting of Renal Insufficiency/Failure/Dialysis
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Challenges in Management
	Blood Glucose Goals
	Monitoring Glycemic Control

	Management
	Insulin Therapy in Renal Disease
	CKD Stages I and II (eGFR >&thinsp;60&newnbsp;mL/min)
	CKD Stages IIIa, IIIb, and IV (eGFR 15–59&newnbsp;mL/min)
	CKD Stage 5/ESRD (eGFR <15&newnbsp;mL/min)

	Hemodialysis
	Peritoneal Dialysis

	Non-Insulin Antidiabetic Agents
	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance



