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Management of diabetes and hyperglycaemia in the hospital
Francisco J Pasquel, M Cecilia Lansang, Ketan Dhatariya, Guillermo E Umpierrez

Hyperglycaemia in people with and without diabetes admitted to the hospital is associated with a substantial increase in
morbidity, mortality, and health-care costs. Professional societies have recommended insulin therapy as the cornerstone
of inpatient pharmacological management. Intravenous insulin therapy is the treatment of choice in the critical care
setting. In non-intensive care settings, several insulin protocols have been proposed to manage patients with
hyperglycaemia; however, meta-analyses comparing different treatment regimens have not clearly endorsed the benefits
of any particular strategy. Clinical guidelines recommend stopping oral antidiabetes drugs during hospitalisation;
however, in some countries continuation of oral antidiabetes drugs is commonplace in some patients with type 2 diabetes
admitted to hospital, and findings from clinical trials have suggested that non-insulin drugs, alone or in combination
with basal insulin, can be used to achieve appropriate glycaemic control in selected populations. Advances in diabetes
technology are revolutionising day-to-day diabetes care and work is ongoing to implement these technologies (ie,
continuous glucose monitoring, automated insulin delivery) for inpatient care. Additionally, transformations in care
have occurred during the COVID-19 pandemic, including the use of remote inpatient diabetes management—research
is needed to assess the effects of such adaptations.

Introduction
Diabetes and stress hyperglycaemia are common in the
hospital setting and are associated with increases in
hospital complications, length of stay, and mortality.1–3
Furthermore, data from the COVID-19 pandemic have
shown how vulnerable people with type 1 and type 2
diabetes are to developing complications in the hospital
compared with people without diabetes.4–8
As with hyperglycaemia, inpatient hypoglycaemia is
also associated with poor inpatient outcomes and
health-care costs. This association might reflect the
severity of illness and higher rates of comorbidities in
patients who develop hypoglycaemia.9 Experimental
data have shown that insulin-induced hypoglycaemia
can lead to an acquired long QT syndrome, which could
precipitate fatal cardiac arrhythmias.10 In view of such
findings, it is generally accepted that hyperglycaemia
and hypoglycaemia should be avoided in hospitalised
patients.
For the past 15 years, insulin therapy has been
considered the cornerstone of the management of
patients with hyperglycaemia in the hospital;2,3,11
however, practice varies widely internationally and
findings from several randomised controlled trials
have shown that non-insulin drugs can have a role in
the management of inpatients with type 2 diabetes.12
Diabetes technology is rapidly evolving, and
preliminary data have shown the feasibility for
inpatient use of continuous glucose monitoring
devices and automated insulin delivery systems.13–16
The COVID-19 pandemic is accelerating the use of
technology in the hospital setting, including the use of
remote continuous glucose monitoring.17,18 In this
Review, we summarise the evidence from observational
studies and clinical trials focusing on inpatient care of
people with diabetes and stress hyperglycaemia,
including the use of insulin and non-insulin treatment
strategies, treatment goals, and the application of new
technologies in the hospital setting.

Recommendations and international variations
in practice
Despite a paucity of good quality evidence on the
inpatient management of diabetes, several international
guidelines were developed to guide practice. The American
Diabetes Association (ADA) produces an updated set of
recommendations covering several aspects of inpatient
diabetes care as part of their annual standards of medical
care in diabetes.19 In the UK, the Joint British Diabetes
Societies (JBDS) for Inpatient Care has produced a suite of
guidelines on various aspects of inpatient care for specific
populations, including recent recommendations related to
COVID-19 (appendix p 1).20 The Endocrine Society in
collaboration with other societies published guidelines for
the management of diabetes and hyper
glycaemia in
non-intensive care settings in 2012.3 Because the evidence
has often been inadequate to determine how best to
manage different aspects of inpatient care, these guidelines
often have a large element of consensus-based medicine,
with recommendations from medical societies that often
reach different conclusions, with the most notable
differences related to glucose targets and the use of
non-insulin glucose-lowering drugs.1,12 Recent reviews and
consensus efforts have also suggested management
strategies for patients with diabetes and COVID-19.21,22
Although the use of insulin therapy in the hospital is
common in the USA and Canada,23,24 this is not a
universal practice. The use of non-insulin agents such as
metformin and sulfonylureas is relatively common in
other countries (UK, India, Israel).25–28
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Diagnostic criteria and glycaemic targets
A random blood glucose concentration of more than
7·8 mmol/L (140 mg/dL) has been regarded as a threshold
to consider the diagnosis of inpatient hyperglycaemia.3,19
Several target ranges have been investigated in the
intensive care unit (ICU) setting. Van den Berghe and
colleagues29 reported that attainment of euglycaemia
(4·4–6·1 mmol/L [80–110 mg/dL]) in patients on a surgical
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For subcutaneous protocols
adapted for COVID-19 see
www.covidindiabetes.org

ICU was associated with lower mortality compared with
aiming at blood glucose below the glycosuria threshold.
However, these findings were not reproduced in
randomised trials done in broader populations of patients,2
with one possible reason being the difference in nutrition
provided while on continuous insulin infusion. In 2009,
the findings of a landmark trial (NICE-SUGAR) showed
increased mortality risk with assignment to intensive
insulin therapy in critically ill patients.30 The high risk of
iatrogenic hypoglycaemia seen in several randomised
trials led medical societies to recommend against
aggressive glycaemic control targeting euglycaemia.2
In 2009, an ADA and American Association of Clinical
Endocrinologists (AACE) task force recommended
targeting a glucose concentration of 7·8–10·0 mmol/L
(140–180 mg/dL) for the majority of critically ill patients
with hyperglycaemia and a lower glucose target range of
6·1–7·8 mmol/L (110–140 mg/dL) for selected ICU patients
(eg, those at centres with extensive experience and
appropriate nursing support, cardiac surgery patients).2
The ADA–AACE consensus statement recommended
against glucose targets greater than 10·0 mmol/L or less
than 6·1 mmol/L.2 Similarly, the Society of Critical Care
Medicine recommends starting therapy for ICU patients
with a blood glucose concentration of 8·3 mmol/L
(150 mg/dL) or higher and maintaining glucose concen
trations of less than 10·0 mmol/L with strategies that
minimise the risk of hypoglycaemia.31
For non-critically ill patients with hyperglycaemia, the
Endocrine Society guidelines3 and the ADA–AACE
consensus statement2 recommended pre-meal glucose
concentration targets of less than 7·8 mmol/L (140 mg/dL)
and random blood glucose concentration targets of less
than 10∙0 mmol/L (180 mg/dL).2,3 More recently, the ADA
relaxed this recommendation, targeting glucose concen
trations between 7·8 and 10·0 mmol/L for most general
medicine and surgery patients.19 Conversely, in terminally
ill patients, those with severe comorbidities, or in inpatient
care settings where frequent glucose monitoring or close
nursing supervision is not feasible, higher glucose ranges
(up to 11∙1 mmol/L [200 mg/dL]) might be acceptable.19
Guidelines from the JBDS Inpatient Care group in
the UK have recommend a blood glucose target range of
6·0–10·0 mmol/L (108–180 mg/dL) for inpatients with
hyper
glycaemia, with an acceptable range of
4·0–12·0 mmol/L (72–216 mg/dL).20 However, the lower
limit of the acceptable range (ie, 4·0 mmol/L) has been
questioned because it might lead to an increased risk of
hypoglycaemia.32

Pharmacological management of
hyperglycaemia in the hospital

Insulin therapy
Critically ill patients and patients with hyperglycaemic crises
Continuous insulin infusion therapy is the preferred
regimen for ICU patients with hyperglycaemia, including
those without a diagnosis of diabetes, and for most
2

patients with hyperglycaemic crises (figure 1).2,20,33
Additionally, patients with severe hyperglycaemia induced
by steroids or those undergoing solid transplant might
also benefit from continuous insulin infusion. US and
UK professional societies have produced algorithms for
intravenous insulin management during diabetic
ketoacidosis or hyperosmolar hyperglycaemic state.33,34
Generally, patients with moderate-to-severe diabetic keto
acidosis should be treated with continuous insulin
infusion; however, patients with mild-to-moderate diabetic
ketoacidosis might be treated with frequent subcutaneous
insulin injections.35 During the COVID-19 pandemic,
several centres modified their approach to treating
patients with diabetic ketoacidosis with subcutaneous
insulin, substantially reducing the number of point-ofcare tests (adapted protocols have been made available
online).35
Hypokalaemia is common (about 50%) during treat
ment of hyperglycaemic crises, and severe hypokalaemia
(<2∙5 mEq/L) is associated with increased inpatient
mortality.30 Therefore, careful monitoring of potassium
concentrations is recommended and a systematic assess
ment of modifications in practice is warranted.36
For patients with ischaemic events (myocardial infarction
or ischaemic stroke), rapid control of glucose values might
be warranted in view of the known potential harms
associated with hyperglycaemia; however, attempts to lower
glucose concentrations intensively have not shown
additional benefit and might increase the risk of hypo
glycaemia.37–39 Targeting a lower glucose range
(100–140 mg/dL), as opposed to a conventional range
(140–180 mg/dL), may improve clinical outcomes in cardiac
surgery patients when using a computerised algorithm that
minimises the risk of iatrogenic hypoglycaemia..40
Once patients are stable and close to discharge from
ICU, they can be transitioned to subcutaneous insulin
regimens. Factors to consider when transitioning patients
from continuous insulin infusion to subcutaneous
insulin include stable glucose measurements for at least
4–6 h consecutively, normal anion gap and resolution of
acidosis in diabetic ketoacidosis, haemodynamic stability
(not on vasopressors), stable nutrition plan, and stable
intravenous infusion rates.41 To safely transition to sub
cutaneous insulin, an estimate of the combined basal and
nutritional subcutaneous insulin requirements can be
derived from the average amount of insulin infused
during the 12 h before transition.42 For a patient receiving
an average of 1∙5 units (U) per h, the estimated daily
dose would correspond to 36 U/24 h. The proportion of
basal insulin and prandial insulin depends on the type
of insulin to be used (isophane [neutral protamine
Hagedorn] insulin vs longer-acting insulins) and the
nutritional status of the patient.41

Insulin regimens
Various regimens with human and analogue insulin
formulations administered subcutaneously have been
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Critically ill patients or hyperglycaemic crises

Non-critically ill patients with diabetes

Type 2 diabetes
(100–180 mg/dL)

Type 1 diabetes
(100–180 mg/dL)

Mild hyperglycaemia
• BG <200 mg/dL
• ≤2 antidiabetic agents†
• Insulin naive

Consider low-dose basal insulin or OAD*
• Give correction doses with rapid-acting
insulin before meals or every 6 h

Moderate hyperglycaemia
• BG 201–300 mg/dL
• Multiple antidiabetic agents†
• Insulin TDD <0·6 U/kg per day

Basal insulin with or without correction*
• Start at 0·2–0·3 U/kg per day‡
• Correction doses with rapid-acting insulin
before meals or every 6 h

Severe hyperglycaemia
• BG >300 mg/dL
• Multiple antidiabetic agents†
• Insulin TDD >0·6 U/kg per day

Basal-bolus regimen
• Reduce home insulin TDD by 20% or start
0·3 U/kg per day (TDD given half basal, half
bolus)
• Adjust as needed
• Withhold prandial insulin if poor oral intake
• Or continue insulin pump (type 1 diabetes)
following hospital regulations

Medical and surgical
(100–180 mg/dL)

Transition to
subcutaneous
insulin regimen

Continuous insulin
infusion

Severe DKA or HHS

Subcutaneous insulin
DKA protocol

Mild-to-moderate DKA

Figure 1: Individualised antihyperglycaemic therapy in hospitalised patients with diabetes
In critically ill patients, continuous insulin infusion is recommended followed by transition to subcutaneous insulin regimens once patients are stable and close to discharge from the intensive care
unit.2 Subcutaneous insulin DKA protocols might be considered in patients with mild-to-moderate DKA (subcutaneous insulin protocol examples adapted for COVID-19 are available online). We
discourage the widespread use of premixed insulin regimens in the hospital setting. BG=blood glucose. DKA=diabetic ketoacidosis. HHS=hyperosmolar hyperglycaemic state. OAD=oral antidiabetes
drug. TDD=total daily dose. U=units. *Consider OAD if no contraindications (only DPP-4 inhibitors have been studied in randomised controlled trials); metformin is commonly used in the hospital
setting but might be associated with lactic acidosis in high-risk patients (eg, sepsis, shock, renal or liver failure). †Antidiabetic agents include OADs and GLP-1 receptor agonists. ‡In patients with
hypoglycaemia risk (frail, elderly, acute kidney injury), reduce starting dose to 0·15 U/kg per day (basal alone) or TDD 0·3 U/kg per day (basal–bolus).

tested in non-critically ill patients with type 2 diabetes
(table 1).2,3,45,47
Subcutaneous sliding scale insulin or correctional
insulin, used to treat hyperglycaemia after it has already
occurred, is widely used in some hospitals despite
condemnation in clinical guidelines.3,11,54 The use of sliding
scale insulin is associated with clinically significant
hyperglycaemia in many patients and its use has been
discouraged.3 In patients without diabetes who have mild
stress hyperglycaemia, the use of sliding scale insulin
might be appropriate. However, sliding scale insulin alone
should not be used in patients with type 1 diabetes.
Findings from randomised trials have consistently
shown better glycaemic control with a basal–bolus
approach than with sliding scale insulin alone in patients
with type 2 diabetes.55,56 The basal-bolus approach was
associated with a reduction in complications estimated
with a composite outcome that included postoperative
wound infection, pneumonia, bacteraemia, and acute
renal and respiratory failure.45 A basal–bolus regimen
includes the administration of basal insulin given once
or twice daily along with rapid-acting insulin given before
meals, plus corrective doses of rapid-acting insulin. For
insulin-naive patients or those treated with low doses of
insulin, a total daily insulin dose between 0∙3 and
0∙5 U/kg is recommended,3 with half of the total daily
insulin dose allocated to basal insulin dosing (1–2 times
daily) and the other half to rapid-acting insulin (divided
three times daily before meals). Lower doses are
reserved for patients with higher risk of hypoglycaemia
(ie, older patients [>65 years], those with renal failure,

and those with poor oral intake).3,57 For patients treated
with higher doses of insulin at home (≥0·6 U/kg per
day), a 20% reduction in the total daily insulin dose is
recommended while they are in hospital to prevent
hypo
glycaemia in patients with poor oral intake.3
Although effective in correcting hyperglycaemia, the
basal–bolus approach is associated with a risk of
iatrogenic hypo
glycaemia and might lead to over
treatment in patients with mild hyperglycaemia (blood
glucose <11·1mmol/L [200 mg/dL]). In controlled
settings, the incidence of mild iatrogenic hypoglycaemia
when using a basal–bolus approach is about 12–30%.3,45
A basal-plus approach might be preferred for patients
with mild hyperglycaemia, those with decreased oral
intake, and for patients undergoing surgery.3,47,57 This
regimen consists of a single dose of basal insulin (about
0·1–0·25 U/kg per day) along with corrective doses of
insulin for increased glucose concentrations before
meals or every 6 h (if nil by mouth).
Premixed insulin therapy (human insulin 70/30) has
been associated with an unacceptably high rate of
iatrogenic hypoglycaemia and is not recommended in
the hospital.50 Premixed insulin has been recommended
for patients receiving enteral nutrition but data remain
scarce.58

For COVID-19 adapted protocols
see www.covidindiabetes.org

Insulin therapy and hypoglycaemia
In critically ill patients with hyperglycaemia, the
targeting
of
euglycaemia
(4∙4–6∙1
mmol/L
[80–110 mg/dL]) has been associated with a substantial
increase in the risk of iatrogenic hypoglycaemia and
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Treatment groups
(intervention vs control)

Population

Primary outcome

Key findings

Umpierrez et al
(2007)43

Basal–bolus (glargine–glulisine)
vs SSI

Mean difference in
130 medicine patients with type 2
inpatient blood glucose
diabetes; blood glucose
7·8–10·0 mmol/L (140–400 mg/dL);
on OADs or low-dose insulin
therapy (≤0·4 U/kg per day)

Mean blood glucose of 9·2 mmol/L (SD 1·8; 166 mg/dL [SD 32]) in basal–
bolus vs 10·7 mmol/L (3·0; 193 mg/dL [54]) in SSI (p<0·001); two patients
in each group with blood glucose <3·33 mmol/L (60 mg/dL); no patients
with blood glucose <2·2 mmol/L (40 mg/dL) in either group

Umpierrez et al
(2009)44

Human insulin (NPH and
regular; two-thirds before
breakfast and one-third before
dinner) vs basal–bolus (detemir–
aspart)

130 medicine patients with type 2
diabetes; blood glucose of
7·8–10·0 mmol/L
(140–400 mg/dL); any therapy
before admission

Mean difference in
inpatient blood glucose

No difference in glycaemic control; about a quarter of patients had a blood
glucose concentration of 2·2–3·3 mmol/L in both groups; blood glucose
was <2·2 mmol/L in 3 (4·5%) of 67 with detemir–aspart and 1 (1·6%) of 63
with human insulin

Umpierrez et al
(2011)45

Basal–bolus (glargine–glulisine)
vs SSI

211 surgical patients with type 2
diabetes; blood glucose
7·8–10·0 mmol/L
(140–400 mg/dL); on OADs or
low-dose insulin therapy
(≤0·4 U/kg per day)

Mean difference in
inpatient blood glucose
and a composite of
complications

Better glycaemic control with basal–bolus and lower composite of
complications ((9 [9%] of 104 vs 26 [24%] of 107; p=0·003), but with
higher risk of hypoglycaemia (24 [23%] vs
5 [5%]; p=0·001); 4 (4%) of 104 with blood glucose <2·2 mmol/L (4% with
basal-bolus vs 0% with SSI)

Schroeder et al
(2012)46

NPH plus regular three times
per day vs SSI

141 orthopaedic surgery patients
with type 2 diabetes or recurrent
hyperglycaemia (>180 mg/dL; >10
mmol/L)

Mean difference in
inpatient blood glucose

Mean blood glucose was lower in the NPH–regular group vs SSI
(8·9 mmol/L [SD 0·2; 161·2 mg/dL (SD 3·2)] vs 9·7 mmol/L [0·1;
175·8 mg/dL (2·3)]; p<0·0005); two episodes of severe hypoglycaemia in
NPH–regular group

Umpierrez et al
(2013)47

Basal-plus vs basal–bolus (both
glargine–glulisine) vs SSI

Mean difference in
375 patients with type 2 diabetes;
inpatient blood glucose
blood glucose 7·8–10·0 mmol/L
(140–400 mg/dL); on OADs or
low-dose insulin therapy (≤0·4 U/kg
per day)

Basal-plus resulted in similar glycaemic control compared with basal–bolus;
more treatment failure with SSI (14 [19%] of 74) compared with basal–
bolus (0 [0%] of 144) or basal-plus (3 [2%] of 133)

Mader et al
(2014)48

Basal–bolus (glargine–aspart) vs 74 patients with type 2 diabetes;
standard management (OADs, blood glucose 7·8–22·2 mmol/L;
any therapy before admission
insulin, or both)

Mean difference in
inpatient blood glucose

Basal–bolus algorithm group had higher percentage of glucose
concentrations in the target range (5·6–7·8 mmol/L; 33% vs 23%; p<0·001)
and in the range 3·9–10·0 mmol/L (73% vs 53%; p<0·001)*

Bueno et al
(2015)49

Basal–bolus (glargine–glulisine) 134 non-surgical patients with
vs NPH (twice daily) and regular type 2 diabetes
(before meals)

Mean difference in
inpatient blood glucose

No difference in glycaemic control; 23 (35%) of 66 with basal–bolus and
26 (38%) of 68 with NPH and regular insulin had hypoglycaemia
(<70 mg/dL [3·9 mmol/L]); 5 (8%) with basal–bolus and 17 (25%) with NPH
and regular insulin had blood glucose <40 mg/dL (2·22 mmol/L)

Bellido et al
(2015)50

Basal–bolus (glargine–glulisine)
vs premixed 70/30 (NPH and
regular; 60% before breakfast
and 40% before dinner)

72 medicine and surgical patients
with type 2 diabetes; on OADs,
insulin, or both

Mean difference in
inpatient blood glucose

Study stopped after interim analysis; no difference in glycaemic control,
but with unacceptable rate of hypoglycaemia in premixed group (25 [64%]
of 39 vs 8 [24%] of 33 in the basal–bolus group)

Vellanki et al
(2015)51

Basal–bolus (glargine–aspart)
without bedtime supplement
vs basal–bolus (glargine–aspart)
with bedtime supplement

206 medicine and surgical patients Mean difference in
with type 2 diabetes; blood glucose inpatient blood glucose
7·8–10·0 mmol/L
(140–400 mg/dL); on insulin,
OADs, or both

Gracia-Ramos
et al (2016)52

Premixed analogue insulin
(lispro 25/75; two-thirds with
breakfast and one-third with
dinner) vs basal-plus (glargine–
lispro)

54 patients with type 2 diabetes;
blood glucose 7·8–10·0 mmol/L
(140–400 mg/dL); on OADs or
low-dose insulin therapy
(≤0·4 U/kg per day)

Mean difference in
inpatient blood glucose

No difference in mean daily blood glucose; less postprandial excursion with
premixed analogue insulin, lower fasting blood glucose with basal-plus;
hypoglycaemia was similar in both groups (4 [16%] of 25 for premixed
analogue insulin vs 4 [16%] of 25 for basal-plus)

Pasquel et al
(2020)53

Basal–bolus (glargine
U300–glulisine) vs basal–bolus
(glargine U100–glulisine)

176 patients with type 2 diabetes;
blood glucose 7·8–10·0 mmol/L
(140–400 mg/dL); any therapy at
home

Mean difference in
inpatient blood glucose

No differences in mean daily blood glucose; glargine U300 resulted in
significantly lower rate of clinically significant hypoglycaemia (<54 mg/dL
[3 mmol/L]) compared with glargine U100 (0 [0%] of 92 vs 5 [6·0%] of 84;
p=0·023); no difference was observed in a subgroup of patients using
continuous glucose monitoring

No differences in mean daily blood glucose or hypoglycaemia (32 [30%]
of 106 with supplemental bedtime insulin vs 26 [26%] of 100 without
p=0·5)

ICU=intensive care unit. SSI=sliding-scale insulin. OADs=oral antidiabetes drugs. U=units. NPH=neutral protamine Hagedorn (isophane) insulin.*Absolute numbers not provided.

Table 1: Randomised clinical trials assessing insulin regimens in non-ICU patients in hospital

such targets are discouraged.2,19 The estimated risk of
hypoglycaemia with basal–bolus insulin is about
4–6 times higher than with sliding scale insulin therapy
(for blood glucose ≤3·9 mmol/L [70 mg/dL], risk ratio
5·75 [95% CI 2·79–11·83]; for blood glucose
≤3·3 mmol/L [60 mg/dL], 4·21 [1·61–11·02]).55 Although
the incidence of severe hypo
glycaemia is low in
controlled settings (table 1), in real-world practice severe
4

hypoglycaemia might occur more frequently and can be
life-threatening.54
To avoid hypoglycaemia, we recommend a basal-plus
approach for patients with diabetes that are fasting or are
expected to undergo procedures. In patients without
diabetes or for those with good metabolic control treated
with an oral antidiabetes drug at home, we recommend a
sliding scale insulin alone approach. However, basal
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insulin may be required if patients are unable to keep
glucose levels below 10.0 mmol/L (180 mg/dL).59,60

Non-insulin drugs
Outdated practice guidelines for the management of
inpatient hyperglycaemia and diabetes recommend
against the use of non-insulin medications in the hospital
because of safety and efficacy concerns.2,3,11 Despite such
recommendations, the use of oral antidiabetes drugs in
patients with type 2 diabetes is not uncommon in inpatient
clinical practice.12,61 Data from recent randomised
controlled trials and observational studies suggest that the
use of non-insulin drugs, either in the hospital62–69 or after
hospital discharge,70 can be effective in improving
glycaemic control in general medicine and surgery
patients with type 2 diabetes who have mild or moderate
hyperglycaemia, and are associated with a low risk of
hypoglycaemia (figure 1).64–66,68,69

Metformin
Despite inadequate evidence from clinical trials,
metformin and other oral antidiabetes drugs are used
frequently in the hospital setting in patients with type 2
diabetes.25–27,71 In patients at risk for lactic acidosis, such
as those with anaerobic metabolism (ie, sepsis,
hypoxia), impaired metformin clearance (significant
renal impairment), or impaired lactic acid clearance
(liver failure), metformin should be avoided.72 Dose
reduction is recommended if the estimated glomerular
filtration rate (eGFR) is 30–45 mL/min per 1·73 m²;
metformin should be discontinued if the eGFR is less
than 30 mL/min per 1·73 m².72 In a recent study from
China, including more than 1200 patients with type 2
diabetes and COVID-19, inpatient use of metformin
was associated with increased incidence of lactic
acidosis (adjusted hazard ratio 4∙46, 95% CI 1∙11–18∙0).
Lactic acidosis among patients treated with metformin
was associated with higher doses, worse kidney
function, and a higher severity of COVID-19.73 Lactate
concentrations should be measured in fragile patients
and metformin should be withdrawn if increased
lactate concentrations are apparent.74 Metformin should
also be discontinued in patients at risk for lactic acidosis
(ie, acute kidney injury, hypoxia, shock) or before an
iodinated contrast imaging procedure in patients with
reduced eGFR (<60 mL/min per 1·73 m²), a history of
liver disease, alcoholism, acute heart failure, or in those
receiving intra-arterial contrast. Kidney function should
be reassessed before treatment is restarted.75

Sulfonylureas
Retrospective reports suggest sulfonylureas are
commonly used in the hospital setting among patients
with type 2 diabetes. 25, 71,76 Up to one in five patients treated
with sulfonylureas might develop at least one episode of
hypoglycaemia in the hospital; risk of such episodes is
associated with older age, concurrent treatment with

insulin, and renal impairment.26,77 Professional societies
recommend against the use of sulfonylureas in the
hospital because of the potential risk of sustained
hypoglycaemia.78,79 An exception are UK recommendations
that suggest sulfonylureas might be useful in managing
glucocorticoid-induced hyperglycaemia.28

Thiazolidinediones
The use of thiazolidinediones in patients with type 2
diabetes has decreased substantially in the past decade
and they are not often used in the inpatient setting.80,81
The potential increase in fluid retention and risk of heart
failure, as well as delayed onset of action, make
thiazolidinediones less appealing than other drug classes
for hospital use.3,80

SGLT2 inhibitors
SGLT2 inhibitors are currently the glucose-lowering
drugs of choice for patients with type 2 diabetes and
heart failure or diabetic kidney disease.82 Concerns
regarding inpatient use include the risk of euglycaemic
diabetic ketoacidosis (particularly among patients with
poor food intake)83 and the risk of genitourinary
infections (particularly mycotic infections). In a recent
pilot randomised trial, empagliflozin did not improve
dyspnoea, N-terminal pro B-type natriuretic peptide
concentrations, diuretic response, or length of stay
compared with placebo. However, empagliflozin use was
associated with a reduction in a combined endpoint of
worsening heart failure, rehospitalisation for heart
failure, or death at 60 days.84 Two larger clinical trials are
testing the use of SGLT2 inhibitors in the hospital and at
hospital discharge in patients with heart failure
(NCT04157751 and NCT04249778). We do not recommend
the routine use of SGLT2 inhibitors in the hospital.

DPP-4 inhibitors
Findings from several randomised controlled trials and
observational studies in the hospital setting have shown
that DPP-4 inhibitors are well tolerated and effective for
glycaemic control, with a low risk of hypoglycaemia in
patients
with
mild-to-moderate
hyperglycaemia
(table 2).65–67,69,75
The results of the first pilot trial suggested the use of a
DPP-4 inhibitor was effective alone or in combination
with basal insulin in patients with type 2 diabetes with
mild hyperglycaemia (<10 mmol/L [180 mg/dL]).64 These
findings were later confirmed in a larger trial (figure 1,
figure 2) that enrolled patients with insulin doses up to
0∙6 U/kg per day. Participants with type 2 diabetes were
randomly assigned to either sitagliptin plus basal insulin
or basal–bolus insulin therapy.69 Both groups had similar
improvement in glycaemic control, with reduced insulin
use and fewer injections in the sitagliptin group.
Treatment failure was similar in both groups and was
independently associated with higher HbA1c values.92 The
odds of failing therapy in either group increased per one
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unit change in HbA1c (odds ratio 1·3, 95% CI 1·2–1·5).69
Similar findings were reported in a study of non-cardiac
surgical patients with type 2 diabetes, in which linagliptin
was as effective as basal–bolus insulin therapy among
participants with a blood glucose of less than 11·1 mmol/L
(200 mg/dL), but less effective in patients with higher
glucose concentrations at randomisation.65 Linagliptin
resulted in substantial reduction in the incidence of

hypoglycaemia compared with basal–bolus therapy
(2 [2%] of 128 vs 14 [11%] of 122; p=0∙001; 86% relative
risk reduction).65 Similar results were reported in a study
of saxagliptin versus basal–bolus therapy in patients with
type 2 diabetes with very mild hyperglycaemia (admission
blood glucose of about 150 mg/dL and mean HbA1c
<7% [53 mmol/mol]).66 Very preliminary observational
data, with obvious limitations, suggest that sitagliptin

Treatment groups
(intervention vs control)

Population

Primary outcome

Key findings

Umpierrez
et al (2013)64

Sitagliptin plus SSI or sitagliptin
plus glargine vs basal–bolus
(glargine–lispro)

90 medical or surgical patients with
type 2 diabetes; blood glucose
7·8–10·0 mmol/L (140–400 mg/dL);
on OADs or low-dose insulin therapy
(≤0·4 U/kg per day)

Mean difference in inpatient
blood glucose

No difference in glycaemic control between groups; lower TDD
and fewer injections in the sitagliptin groups; sitagliptin alone
was less effective if blood glucose at baseline was >10 mmol/L
(>180 mg/dL)

Pasquel et al
(2017)69

278 medical or surgical patients with
Sitagliptin plus basal insulin
(glargine) vs basal–bolus (glargine type 2 diabetes; blood glucose
7·8–10·0 mmol/L (140–400 mg/dL);
plus lispro or aspart)
on OADs or low-dose insulin therapy
(≤0·6 U/kg per day)

Mean difference in inpatient
blood glucose

No difference in glycaemic control between groups; lower TDD
and fewer injections in the sitagliptin plus basal insulin group

Garg et al
(2017)66

Saxagliptin vs basal–bolus
(glargine–aspart)

66 medical or surgical patients with
type 2 diabetes; HbA1c ≤7·5% on
≤1 non-insulin antihyperglycaemic
agent or HbA1c ≤7·0% on
≤2 non-insulin antihyperglycaemic
agents

Mean difference in inpatient
blood glucose

No difference in glycaemic control between groups; lower
glycaemic variability with saxagliptin

Vellanki et al
(2019)65

Linagliptin plus SSI vs basal–bolus 250 surgical patients with type 2
diabetes; blood glucose
(glargine plus lispro or aspart)
7·8–10·0 mmol/L (140–400 mg/dL);
on OADs or low-dose insulin therapy
(≤0·5 U/kg per day)

Mean difference in inpatient
blood glucose

No difference in glycaemic control in patients with
mild-to-moderate hyperglycaemia (blood glucose <11·1 mmol/L
[200 mg/dL]); linagliptin alone was not effective in patients with
blood glucose >11·1 mmol/L at randomisation; hypoglycaemia
risk significantly reduced in the linagliptin group

Abuannadi
et al (2013)85

Exenatide infusion vs intensive
target (90–119 mg/dL) or
moderate target
(100–140 mg/dL; both historical
controls)

40 coronary ICU patients without
diabetes and non-insulin-dependent
type 2 diabetes; blood glucose
7·8–10·0 mmol/L (140–400 mg/dL);
admission for primary cardiac
diagnosis

Median glucose values during
steady state

Non-randomised study with historical controls (main
limitation); good glycaemic control with exenatide (median
7·3 mmol/L [IQR 6·1–8·7]; similar to the moderate target
control, higher than the intensive target control)

Kohl et al
(2014)86

Native GLP-1 vs placebo

77 patients with or without diabetes; Mean glucose concentration
elective cardiac surgery
30 min after bypass

Besch et al
(2017)87

Exenatide infusion vs insulin
infusion

104 perioperative patients with
CABG either without diabetes or with
non-insulin-dependent type 2
diabetes

Polderman
et al (2018)88

0·6 mg subcutaneous liraglutide
on the evening before surgery
and 1·2 mg after induction of
anaesthesia vs glucose, insulin,
and potassium infusion 30 min
before surgery until 4 h after
surgery bolus insulin

Differences in median blood
150 perioperative non-cardiac
surgery patients with type 2 diabetes; glucose 1 h after surgery
on diet, OADs, or insulin <1 U/kg

Lipš et al
(2017)89

Continuous exenatide infusion
add-on to standard insulin
therapy vs 0·9% saline plus
standard insulin therapy

40 patients with and without
diabetes with heart failure
undergoing CABG surgery

Improvement in left ventricular
ejection fraction

No significant effect on cardiac function with the exception of a
reduced need for temporary postoperative pacing; improved
glycaemic control with exenatide (absolute difference
−0·83 mmol/L (95% CI −1·25 to −0·40)

Fayfman et al
(2019)68

Exenatide 5 mg twice daily vs
exenatide 5 mg twice daily plus
basal insulin (glargine or levemir)
vs basal–bolus (glargine or
levemir plus aspart or lispro)

150 medical or surgical patients with
type 2 diabetes; blood glucose
7·8–10·0 mmol/L (140–400 mg/dL);
on diet, OADs, or low-dose insulin
(≤0·5 U/kg per day)

Differences in hospital mean daily
blood glucose after day 1

Exenatide plus basal insulin resulted in lower mean blood glucose
than exenatide alone (8·6 mmol/L [SD 2·2; 154 mg/dL (SD 39)]
vs 9·8 mmol/L [2·3; 177 mg/dL (41)]; p=0·02) and similar to basal
bolus (9·2 mmol/L [2·2; 166 mg/dL (40)]; p=0·31); exenatide plus
basal insulin resulted in higher percentage of blood glucose
within target range compared with exenatide alone and basalbolus insulin (78% vs 62% vs 63%; p=0·023)

Proportion of patients
with ≥50% of time within glucose
target range of 5·6–7·8 mmol/L
(100–139 mg/dL)

Mean blood glucose lower in GLP-1 group than in placebo group
(6·3 mmol/L [SD 1·2; 113 mg/dL (SD 21)] vs 7·1 mmol/L
[1·2; 128 mg/dL (21)]; p=0·001)
Primary outcome observed in 38 (72%) of 53 patients in the
exenatide group and 41 (80%) of 51 in the insulin group (p=0·3);
study stopped prematurely after futility analysis; exenatide use
delayed the start of insulin infusion but was considered
insufficiently efficient for blood glucose control after CABG
Median blood glucose 1 h after surgery was lower with
liraglutide (6·6 mmol/L [IQR 5·6–7·7]) than with insulin infusion
(7·5 mmol/L [6·4–8·3]) or bolus insulin (7·6 mmol/L [6·4–8·9];
p=0·006); more nausea was reported with liraglutide (p=0·007)

(Table 2 continues on next page)
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Treatment groups
(intervention vs control)

Population

Primary outcome

Key findings

Perioperative glycaemic control

Better glycaemic control with liraglutide; lower proportion of
patients requiring correction doses of insulin in the liraglutide
group and lower overall insulin requirements

(Continued from previous page)
Kaneko et al
(2018)90

Perioperative liraglutide vs insulin 92 patients with type 2 diabetes
undergoing elective surgery
therapy

Hulst et al
(2020)91

0·6 mg subcutaneous liraglutide
on the evening before surgery
and 1·2 mg after induction of
anaesthesia vs placebo

Difference between groups for
278 cardiac surgery patients
(84% without diabetes and 16% with any insulin given to control blood
glucose <8·0 mmol/L between
type 2 diabetes)
entrance and exit from the
operating room

18% absolute reduction in patients requiring insulin with
liraglutide (p=0·003); dose and number of insulin injections
were lower in liraglutide group than in placebo group; no
difference in hypoglycaemia

ICU=intensive care unit. CABG=coronary arterial bypass graft. OADs=oral antidiabetes drugs. SSI=sliding-scale insulin. TDD=total daily dose. U=units.

Table 2: Randomised clinical trials assessing incretin-based therapies in non-ICU patients in hospital

might provide a survival benefit for patients with
COVID-19; however, well designed clinical trials would
be needed to confirm this potential benefit.93

GLP-1 receptor agonists
GLP-1 receptor agonists are potent and safe drugs for the
management of type 2 diabetes in patients with and
without cardiovascular risk. Recent guidelines have
recommended the use of GLP-1 receptor agonists as
first-line drugs in patients with type 2 diabetes
and established atherosclerotic cardiovascular disease.82
Both GLP-1 receptor agonists and native GLP-1 have
been tested in the inpatient setting.94–96 Findings
from randomised controlled trials suggest preoperative
treatment with liraglutide can improve glycaemic control
in the perioperative period in patients with and without
diabetes (table 2).88,91,97 In a study of non-ICU patients
with type 2 diabetes, treatment with exenatide plus basal
insulin resulted in a higher proportion of glucose
readings within the target range of 3·9–10·0 mmol/L
(78%) compared with exenatide alone (62%) or basal–
bolus insulin (63%).68 As expected, trials with
GLP-1 receptor agonists have shown increased
frequencies of gastrointestinal side-effects.68,88,91,97 More
research is needed with these drugs to determine if the
potential for improved glycaemic control with a reduction
of hypoglycaemic events counterbalances the increase in
gastrointestinal side-effects in the hospital setting.

Special situations

Medical nutrition therapy
Hyperglycaemia is common during parenteral nutrition
and enteral nutrition.98,99 For patients with diabetes
receiving enteral nutrition, the use of a formula with
lower glycaemic index is recommended. Data from a
study of patients receiving parenteral nutrition suggest
benefits of admixing short-acting insulin into
the parenteral bag as opposed to subcutaneous insulin
administration only.99 For patients with diabetes or for
those without diabetes with sustained hyperglycaemia on
enteral nutrition, basal insulin (isophane insulin every

8 h, detemir every 12 h, or glargine every 24 h) along with
short-acting insulin every 4–6 h is recommended.99
Starting intravenous 10% dextrose infusion at 50 mL/h
is recommended if tube feeding is interrupted. UK
guidelines suggest giving 70/30 mixed insulin, with
half at the start of the feed and the rest half way
through the feed.58 A recent randomised trial showed
promising preliminary results for the use of closed-loop
insulin administration among patients receiving medical
nutrition therapy.15 The potential advantages and disad
vantages of several insulin regimens used for patients
with diabetes and COVID-19 receiving continuous tube
feeding was recently summarised by Hamdy and
Gabbay.100 The authors recommend counterbalancing
contact frequency, glycaemic control, glycaemic
variability, and risk of hypoglycaemia between intensive
versus less intensive regimens and their potential
mitigation strategies (eg, relaxed glucose target with less
frequent testing [every 2–4 h] during intravenous insulin
infusion). We recommend a systematic evaluation of
such changes in practice.100

Glucocorticoid use
Glucocorticoid use is common in hospitalised patients.11
When higher and repeated doses of steroids are used,
afternoon and evening hyperglycaemia are common.102 In
an observational study, multiple-dose insulin therapy
initiated at 1–1·2 U/kg per day, distributed as 25% basal
and 75% prandial, seemed to be effective to treat
hyperglycaemia in patients who were receiving high-dose
dexamethasone as part of a chemotherapy regime and who
had two blood glucose readings greater than 13∙9 mmol/L
(250 mg/dL).103 Among patients without diabetes, a single
dose of isophane insulin in the morning might be
appropriate.28 Achieving optimal glycaemic control during
glucocorticoid use is much more challenging in patients
with diabetes who already use insulin therapy at home. In
a randomised trial,104 the addition of isophane insulin
(0·1–0·3 U/kg per day), with doses determined according
to steroid dose and oral intake, to the usual insulin regimen
of patients with diabetes significantly improved glycaemic
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control. Diabetes UK recently published additional
guidance on dexamethasone-induced hyper
glycaemia
management during the COVID-19 pandemic.105 To correct
initial dexamethason-related hyperglycaemia, a more
resistant sliding scale might be required in some patients.
To maintain glucose levels recommendations include the
use of insulin isophane insulin twice a day (for more
flexibility in dose adjustment) with a total dose 0·3 units/kg
per day [give 2/3 of the total daily dose in the morning and
the remaining dose in the early evening]). Insulin
requirements can decline rapidly after dexamethasone is
stopped and insulin doses should be adjusted accordingly.
The use of sulfonylureas is not recommended in this
clinical scenario.

Perioperative management
High perioperative glucose concentrations are associated
with increased risk of infective and non-infective
complications in patients with and without diabetes.106
High HbA1c values are less strongly associated with poor
outcomes. However, HbA1c is often the target for
preoperative intervention.107 The UK National Confidential
Enquiry into Patient Outcome and Death recently
published recommendations on how the perioperative
care for people with diabetes could be improved, including
guidance to implement policies for multidisciplinary
manage
ment, referral processes for glycaemic
optimisation, glucose monitoring recommendations, or
appropriate handover of patients from the recovery room
(appendix p 2).108
Findings from clinical trials enrolling non-critically ill
patients with type 2 diabetes undergoing surgery have
shown adequate glycaemic control with a basal–bolus
approach.45,47 Results from other trials also suggest the
potential benefits of GLP-1 receptor agonists on glycaemic
control during the immediate perioperative period
(table 2).88,91 Studies with DPP-4 inhibitors have
not been able to meaningfully reduce the incidence of
hyperglycaemia in the perioperative period and are not
recommended for this purpose.109–11 The US Food and
Drug Administration (FDA) recently recommended to
withhold SGLT2 inhibitors 3–4 days before surgery
because of the potential risk of euglycaemic diabetic
ketoacidosis.112

Diabetes technology in the hospital
Rapid evolution of diabetes technology over the past
decades has revolutionised patient care. The use of
continuous glucose monitoring and continuous
subcutaneous insulin infusion (insulin pump therapy)
continues to grow in the ambulatory setting. More
recently, automated insulin delivery, integrating both
technologies, has become available.14 Recent studies and
ongoing efforts are determining the feasibility of
translating these technologies to the inpatient setting.
During the COVID-19 pandemic, remote inpatient
diabetes management is rapidly evolving, and several
8

research efforts have shown the feasibility of remote
consults and remote glucose monitoring.

Point-of-care testing and continuous glucose monitoring
Point-of-care testing has been for many years the
standard of care in the hospital setting. A substantial
advancement in documentation has been the use of
networked glucose meters to incorporate results in the
electronic health record.113
Work has been done to incorporate continuous glucose
monitoring in the hospital setting. The FDA has
approved two continuous glucose monitoring systems
(GlucoScout and OptiScanner 5000) that extract venous
blood frequently and intermittently from a central or
peripheral vein catheter for use in the hospital setting.
However, data for patient-centred outcomes are
scarce.14,114
Experience with wearable continuous glucose
monitoring devices in the hospital is scarce.115 The Abbott
Freestyle Libre flash glucose monitoring system takes
glucose readings when it is intermittently scanned (with a
more recent version providing real-time alarms), whereas
Dexcom and Medtronic devices provide real-time
continuous glucose monitoring. Senseonics Eversense is
an implanted device (real-time continuous glucose
monitoring for 5–6 months). In addition to providing
continuous readings, these devices provide trends and
tracking patterns to help detect episodes of hypoglycaemia
and hyperglycaemia.14 Concerns for inpatient use include
the accuracy of continuous glucose monitoring data when
acute physiological disturbances are present (ie, hypox
aemia, vasoconstriction, severe dehydration, and rapidly
changing glucose concentrations in diabetic ketoacidosis)
or chemical interference with glucose readings (eg, high
doses of paracetamol [>4 g per day], salicylic acid, ascorbic
acid).18,116 Glucose monitoring devices should also be
removed for certain procedures—with each company
having their own list—such as MRI and diathermy.117
Results from small clinical trials in patients with type 2
diabetes have suggested that real-time continuous glucose
monitoring can be used successfully to improve glycaemic
control in the hospital setting.118,119 Reports during the
COVID-19 pandemic have described the potential promise
of using real-time continuous glucose monitoring in realworld hospital settings for remote inpatient diabetes
management in non-ICU120–122 and ICU patients.123,124

Continuous subcutaneous insulin infusion
Standalone insulin pumps
Data from observational studies suggest that the use of
continuous subcutaneous insulin infusion is associated
with reductions in severe hyperglycaemic events (blood
glucose >16∙7 mmol/L [300 mg/dL]) and hypoglycaemic
events (<2∙8 mmol/L [50 mg/dL]) in hospitalised
patients with diabetes.125 Professional societies advocate
for continuation of continuous subcutaneous insulin
infusion therapy in appropriate hospitalised patients, with
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the support of hospital policies, inpatient diabetes manage
ment teams, and a signed agreement from the patient.14,126,127
In the absence of key elements that would allow a patient
to remain on an insulin pump (eg, hospital policies and
resources), the alternative is to switch to basal–bolus
insulin therapy. The dose of the long-acting insulin is often
derived from the 24-h total basal dose from the insulin
pump settings. Contraindications to the use of insulin
pumps in the hospital include impaired level of
consciousness (except during short-term anaesthesia),
patient’s inability to correctly use appropriate pump
settings, inability to self-manage diabetes, hyperglycaemic
crises, lack of pump supplies, lack of trained health-care
providers, and health-care decision.14,126–128 Pumps must also
be removed for certain radiological procedures such as
MRI.128 Potential safety issues (eg, software problems,
alarm errors, human factors, site infection, broken
components, cybersecurity issues) related to insulin pump
and continuous glucose monitoring devices used in the
hospital setting have been recently summarised.127 Hospital
policies should ideally incorporate guidance on
transitioning a patient from continuous insulin infusion
back to their pump if applicable, and on transferring a
patient on insulin pump across areas within the
hospital.128–130

Insulin pumps with continuous glucose monitoring
integration
Initial advances in pump technology included
suspending insulin delivery (sensor-augmented pumps)
according to specific thresholds (threshold suspend) or
according to a predicted low glucose concentration
(predictive-low suspend). One consensus statement on
inpatient use of diabetes technology recommended that
the automatic threshold suspend features of sensoraugmented pumps be turned off in the hospital.131 More
recently, the insulin pump and continuous glucose
monitoring technologies have been integrated with
algorithms for automated insulin delivery (so-called
closed-loop or artificial pancreas systems). Three hybrid
closed-loop systems are currently com
mercially
available (Medtronic 670G, Diabeloop, and Tandem
Control-IQ) for use by people with type 1 diabetes.
Several other companies are also developing commercial
single-hormone closed-loop systems, including Insulet,
Bigfoot Biomedical, Beta Bionics, and Roche.132 With a
different algorithm, researchers have shown benefits
with respect to glycaemic control with a hybrid closedloop system in the inpatient setting. The results of an
initial pilot study were reproduced in a larger clinical
trial that enrolled patients with type 2 diabetes.16 In this
trial, patients in the closed-loop group (n=70) attained a
greater percentage of glucose readings in the target
range of 5∙6–10 mmol/L (100–180 mg/dL) compared
with the control group (n=66; 65·8% vs 41·5%;
p<0∙001).16 In a subgroup of 17 patients with end-stage
renal disease receiving closed-loop insulin delivery, a

significant increase in time in range was reported.133
Furthermore, in another trial that enrolled patients
receiving enteral or parenteral nutrition (or both) who
required subcutaneous insulin therapy,15 the proportion
of time in range was remarkably higher with closed
loop (68·4% [SD 15·5]) compared with the control
group (36·4% [15·5]). However, the results obtained
with a single automated insulin delivery system
algorithm, by the same research team, need to be
reproduced and expanded before routine clinical use in
the hospital can be recommended.

Remote inpatient diabetes management during the
COVID-19 pandemic
With the evolution of electronic health records, remote
access has allowed providers to monitor the results of
point-of-care tests remotely to adjust therapy. This
technology has also allowed risk stratification for inpatient
diabetes management, electronic consults (e-consults),
and the development of insulin dosing software and
calculators used as computerised decision support
systems.134 Recent reports suggest the feasibility of
transitioning to a virtual model of care during the
COVID-19 pandemic, using a population health manage
ment approach (with a dashboard identifying patients
with blood glucose concentrations outside the target
range) along with e-consults to maintain appropriate
glycaemic control at a population level.135 During the
COVID-19 pandemic, interest in the use of continuous
glucose monitoring has centred on the ability to avoid
bedside capillary testing and reduce the burden of diabetes
care for health-care workers while decreasing the risk of
virus exposure. As of April, 2020, the FDA did not object
to the use of continuous glucose monitoring in the
hospital setting during the COVID-19 pandemic.18
Recently, the technology has advanced to allow remote
monitoring with multiple followers, as well as the transfer
of data to dashboards for population-level management.
The incorporation of remote monitoring from the nurses
station with a tablet computer to alert staff about potential
low glucose values was associated with a reduction in
hypoglycaemia in high-risk patients in one trial;118 in
another trial,119 the incorporation of a tablet computer
along with alarms for high glucose concentrations was
associated with a modest reduction in hyperglycaemia
in non-ICU patients with blood glucose concentrations
of more than 200 mg/dL. Detailed steps for the
implementation of continuous glucose monitoring were
recently suggested in the hospital setting during the
COVID-19 pandemic.18 Current factory-calibrated devices
include the Dexcom G6 and the Abbott Freestyle Libre.
The technology allows remote monitoring (continuous
data can be obtained if a receiver or smartphone is within
about 6 m for the Dexcom sensors) or via intermittent
flashing (Freestyle Libre). For remote monitoring, the
sensor needs to be paired with a device specific app
(Dexcom G6 app or Freestyle Librelink, both available for
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Resources for diabetes care during the COVID-19
pandemic

Comprehensive report

Networked
meter

EHR
documentation
and validation

Time in range
6% very high

Population Health
Management

16% high
POC=CGM

77% in range
<1% low
<1% very low
Target range:
70–180 mg/dL

Glucometer
Cloud
105

Patient 1
Patient 2
Patient 3
Patient 4
Patient 5

Time in range
6% very high
16% high
77% in range
<1% low
<1% very low
Target range: 70–180 mg/dL

Follower (ie, endocrine team)

1. 125mg/dl
2. 106mg/dl
3. 185mg/dl
4. 109mg/dl
5. 223mg/dl

Many hospitals have adapted protocols to care for patients
with diabetes and COVID-19. Common examples
include changes in protocols to care for patients with
diabetic ketoacidosis, remote consult teams, the use of
non-insulin agents, and the use of continuous glucose
monitoring in ICU and non-ICU settings (figure 2).17,35,137,138
Examples of protocols for adapted inpatient diabetes care
in the context of the COVID-19 pandemic can be accessed
online. A systematic evaluation of these process changes
is urgently needed. Guidance for diabetes care and other
resources are also available from various sources,
including Diabetes UK, the ADA, and elsewhere.

Considerations at hospital discharge
Within about
6 m (real-time CGM)

106mg/dL
−>

Nursing station
106 mg/dL−>

CGM device

Scan intermittently
(FGM)

Figure 2: Remote glucose management during the COVID-19 pandemic
Real-time CGM or flash glucose monitoring data are transmitted via Bluetooth from the sensor to a receiver or
smartphone. From a smartphone, sensor glucose data can be transferred to the cloud (via cellular signal or WiFi)
and from there to real-time followers (health-care providers and telemetry) as well as to dashboard software
(eg, LibreView or Dexcom CLARITY) for comprehensive assessment of multiple patients. Comprehensive glucose
reports can be scanned and uploaded to the chart. Until more data on the reliability of inpatient CGM are available,
a hybrid approach is recommended. Data can be documented and validated in the EHR (eg, sensor values are
within 20% of POC glucose values for blood glucose concentrations >100 mg/dL). Steps for CGM implementation
during COVID-19 were recently described by Galindo and colleagues.18 Steps for direct integration of CGM data into
the EHR were recently described by Espinoza and colleagues.136 Additional information, scientific literature, and
links are available online. CGM=continuous glucose monitoring. EHR=electronic health record. FGM=flash glucose
monitoring. POC=point-of-care.
For more on remote glucose
management during the
COVID-19 pandemic see
www.covidindiabetes.org
For examples of COVID-19adapted protocol see
https://www.covidindiabetes.org
For resources on diabetes and
COVID-19 from Diabetes UK see
https://www.diabetes.org.uk/
professionals/resources/
coronavirus-clinical-guidance
For resources on diabetes and
COVID-19 from the ADA see
https://professional.diabetes.
org/content-page/COVID-19
For resources on diabetes
and COVID-19 from MyWay
Digital Health see
https://mywaydigitalhealth.
co.uk/COVID19/
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Android or iOS), then invitations can be sent to followers
(via a follower app [Dexcom Follow or LibreLinkUp]) such
as remote diabetes consult teams or a nursing station
(telemetry). Additionally, comprehensive reports can be
accessed via dashboards (LibreView, Dexcom CLARITY)
where data can be available to monitor multiple patients
(figure 2).
There is thus far only anecdotal experience with
automated insulin delivery and remote monitoring during
the COVID-19 pandemic,103 and more information is
needed to understand efficacy, safety, barriers to
implementation, and costs before recommending this
technology in the hospital.
Efforts to integrate continuous glucose monitoring
data into electronic health records are ongoing. Espinoza
and colleagues136 reported recently on the feasibility of
electronic health record integration of continuous
glucose monitoring for ambulatory care. An adapted
model of care that includes electronic health record
integration of relevant data specific to the inpatient
setting (continuous glucose monitoring documentation
with validation of glucose values as well as summary
reports) is needed as experience grows with this
technology in the hospital.

Transitions of care, clinical inertia, and risk of hypo
glycaemia are relevant issues for patients with diabetes at
the time of hospital discharge. Since insulin is commonly
used to manage hyperglycaemia in the hospital, it is not
uncommon that insulin use is included in the discharge
regimen.139
Diabetes education is an essential component of care,
necessary to achieve blood glucose targets and avoid longterm complications. Diabetes self-management education
and support is essential in hospitalised patients.140 Survival
skill self-management education should include the
following:140 an understanding of diabetes diagnosis, goals,
and meal planning; ability to monitor glucose concen
trations at home to recognise, prevent, and treat hypo
glycaemia and hyperglycaemia; how and when to take
prescribed diabetes medications; and sick day rules (eg,
continuing to take diabetes medications, appropriate
hydration, monitoring glucose every 4 h, and checking
temperature) and instructions for emergencies.
Pharmacotherapy adjustment at the time of discharge
should take into account home regimen before admission,
cardiorenal risk, inpatient response to therapy, and recent
HbA1c measurements. Two published discharge manage
ment algorithms suggest that patients with type 2 diabetes
can significantly improve their glycaemic control with
intensification of therapy upon hospital discharge, with
intensification determined by HbA1c values at admission.70,141
For patients with an HbA1c below 7% (53 mmol/mol) at
admission, resuming the pre-admission regimen is
appropriate.70,141 For patients with HbA1c at admission
between 7% and 9% (53–75 mmol/mol), the addition of a
small dose of basal insulin or intensification of the preadmission regimen could be appropriate. For patients with
uncontrolled diabetes, the combination of oral antidiabetes
drugs with basal insulin or a basal–bolus insulin regimen
at 80% of inpatient dose might be effective in most
patients.70,141
In some countries and settings, cost can be an important
barrier to successful discharge. The cost of insulin has
increased substantially in recent years and the costs of
non-insulin drugs might also be prohibitive in many
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countries. In certain countries, including the USA, the
costs of the proposed treatment regimen after discharge
need to be discussed with the patient to determine
whether it is affordable or covered by their health plan.

Priorities for future research
Further research is needed focusing on individualising
therapy and determining specific glycaemic goals
for patients with diabetes or hyperglycaemia in the
hospital setting.142 The field of diabetes medications
and technology advances is rapidly changing the way
clinicians manage type 1 and type 2 diabetes. Further
efforts to simplify management and decrease the risk
of iatrogenic hypoglycaemia in the hospital setting are
needed. Pragmatic trials investigating the use of oral
antidiabetes drugs in the hospital setting and clinical
studies to identify patients at risk of stress hyperglycaemia
and investigating how it can be prevented are necessary.
With further use of continuous glucose monitoring and
automated insulin delivery, research with artificial
intelligence that identifies different phenotypes of
inpatient glycaemia might help to individualise therapy
in this setting. Cost-effectiveness analyses of these newer
technologies and guidance on the translation of such
technologies into the hospital setting will be necessary.
The use of remote glucose monitoring with alarms to
alert staff about hypoglycaemia or severe hyperglycaemia
is promising, but more research is needed.
Research is urgently needed to identify the best
glycaemic control strategies in specific contexts (ICU,
diabetic ketoacidosis, steroid-induced diabetes) during the
COVID-19 pandemic, including the use of technology.
Health services research focused on design and
implementation strategies that facilitate electronic health
record integration and interoperability of diabetes
technologies could help to accelerate transformations in
inpatient care, both in the context of the COVID-19
pandemic and beyond.
In view of the important findings of beneficial effects of
SGLT2 inhibitors in patients with heart failure irrespective
of diabetes status,143,144 further research is needed on the
acute non-glycaemic effects and risk profile of these drugs.
Studies are ongoing to test the inpatient use of SGLT-2
inhibitors in hospitalised patients with heart failure
(NCT04157751) or at hospital discharge (NCT04249778).

Conclusions
Hyperglycaemia in the hospital is common and associated
with poor hospital outcomes. Continuous insulin
infusion remains the therapy of choice during hyper
glycaemic crises and critical illness. For non-critically ill
patients, insulin also remains the agent of choice for
patients with severe hyperglycaemia, high doses of
insulin at home, type 1 diabetes, or those with steroidinduced hyperglycaemia. In patients with mild-tomoderate hyper
glycaemia, the use of a basal-plus
approach with or without non-insulin agents might

Search strategy and selection criteria
We searched PubMed, MEDLINE, Google Scholar, and clinical trial registries for articles or
protocols published in English up to Jan 7, 2021, 2021. Search terms included “diabetes”,
“inpatient”, “hospitalized”, “hyperglycaemia”, “hyperglycemia”, “hypoglycaemia”,
“hypoglycemia”, “incretin therapy”, “metformin”, “sulfonylurea”, “thiazolidinedione”,
“SGLT-2”, “GLP-1”, “DPP-4 inhibitor”, “insulin”, “basal bolus”, “enteral nutrition”,
“parenteral nutrition”, “corticosteroids”, “glucocorticoid”, “steroid induced
hyperglycemia”, “insulin pump”, “CGM”, “closed-loop”, “clinical trial”, “randomized”,
“outcomes”, “COVID-19”, and “complications”. The reference lists of original articles,
narrative reviews, clinical guidelines, positions statements, systematic reviews,
and meta-analyses were screened for relevant publications. The final reference list was
selected on the basis of relevance to the topic of this Review, with preference given to the
most recent relevant publications.

simplify treatment regimens (less insulin, fewer
injections, and less hypoglycaemia in those with lower
blood glucose concentrations) compared with
complex insulin regimens commonly associated
with iatrogenic hypoglycaemia. For patients with mild
hyperglycaemia (<11·1 mmol/L [<200 mg/dL]) who are
either insulin naive, treated with very low doses of insulin
at home, or have low HbA1c on admission, simplified
regimens are appropriate. The use of a DPP-4 inhibitor
with or without a low basal insulin dose (ie, 0∙1 U/kg
per day) can achieve similar control to that achieved with
a more complex insulin regimen in such patients. For
those with moderate hyperglycaemia, a regimen with
basal insulin (ie, 0∙2 U/kg per day) with or without an
oral antidiabetes drug (in the absence of contraindications)
might be a reasonable option; however, for patients with
severe hyperglycaemia (ie, >300 mg/dL [16∙6 mmol/L]) or
for those using high doses of insulin at home (>0∙6 U/kg
per day), a more complex regimen (ie, basal–bolus) is
indicated. The use of GLP-1 receptor agonists seems to be
safe and might decrease the need for insulin without
increasing the risk of hypoglycaemia, but further research
is needed.
The use of diabetes technology in the hospital is
rapidly evolving but is not ready yet for widespread use.
The experience gained with the use of such technologies
in the hospital setting during the COVID-19 pandemic
will be invaluable. Research and policy changes that
facilitate electronic health record integration of diabetes
technologies are urgently needed. Health-care systems
should continue to adapt and transform inpatient care of
diabetes and hyperglycaemia to provide cost-effective
and patient-centred quality care.
Contributors
FJP wrote several sections of the Review and prepared the figures.
KD and FJP prepared the tables. MCL and KD wrote several sections and
reviewed successive drafts of the Review. GEU reviewed successive drafts
of the Review and provided relevant references. All authors approved the
final submitted version.
Declaration of interests
FJP has received research support from Merck and Dexcom and
consulting fees from Merck, Boehringer Ingelheim, Sanofi, Lilly,

www.thelancet.com/diabetes-endocrinology Published online January 27, 2021 https://doi.org/10.1016/S2213-8587(20)30381-8

11

Review

and AstraZeneca. KD is the chair of the Joint British Diabetes Societies
for Inpatient Care and has received consulting fees and advisory board
participation fees from Sanofi Diabetes and Novo Nordisk. GEU has
received unrestricted research support for inpatient studies (to Emory
University) from Dexcom, Novo Nordisk, and AstraZeneca.
MCL declares no competing interests.
Acknowledgments
The work of FJP and GEU is partly supported by grants from the
US National Institutes of Health (K23GM128221-03, P30DK111024,
and P30DK111024-05S1 [FJP]; UL1TR002378-04 and 1P30DK111024-05
[GEU]).
References
1
Dhatariya K, Mustafa OG, Rayman G. Safe care for people with
diabetes in hospital. Clin Med (Lond) 2020; 20: 21–27.
2
Moghissi ES, Korytkowski MT, DiNardo M, et al. American
Association of Clinical Endocrinologists and American Diabetes
Association consensus statement on inpatient glycemic control.
Diabetes Care 2009; 32: 1119–31.
3
Umpierrez GE, Hellman R, Korytkowski MT, 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: 16–38.
4
Bode B, Garrett V, Messler J, et al. Glycemic characteristics and
clinical outcomes of COVID-19 patients hospitalized in the
United States. J Diabetes Sci Technol 2020; 14: 813–21.
5
Huang I, Lim MA, Pranata R. Diabetes mellitus is associated with
increased mortality and severity of disease in COVID-19
pneumonia—a systematic review, meta-analysis, and
meta-regression. Diabetes Metab Syndr 2020; 14: 395–403.
6
Zhu L, She Z-G, Cheng X, et al. Association of blood glucose
control and outcomes in patients with COVID-19 and pre-existing
type 2 diabetes. Cell Metab 2020; 31: 1068–77.e3.
7
Barron E, Bakhai C, Kar P, et al. Associations of type 1 and type 2
diabetes with COVID-19-related mortality in England: a wholepopulation study. Lancet Diabetes Endocrinol 2020; 8: 813–22.
8
Holman N, Knighton P, Kar P, et al. Risk factors for COVID-19related mortality in people with type 1 and type 2 diabetes in England:
a population-based cohort study. Lancet Diabetes Endocrinol 2020;
8: 823–33.
9
Boucai L, Southern WN, Zonszein J. Hypoglycemia-associated
mortality is not drug-associated but linked to comorbidities.
Am J Med 2011; 124: 1028–35.
10 Robinson RT, Harris ND, Ireland RH, Lee S, Newman C, Heller SR.
Mechanisms of abnormal cardiac repolarization during insulininduced hypoglycemia. Diabetes 2003; 52: 1469–74.
11 Clement S, Braithwaite SS, Magee MF, et al. Management of
diabetes and hyperglycemia in hospitals. Diabetes Care 2004;
27: 553–91.
12 Pasquel FJ, Fayfman M, Umpierrez GE. Debate on insulin vs
non-insulin use in the hospital setting—is it time to revise the
guidelines for the management of inpatient diabetes? Curr Diab Rep
2019; 19: 65.
13 American Diabetes Association. 7. Diabetes technology: standards of
medical care in diabetes—2020. Diabetes Care 2021;
44 (suppl 1): s85–99.
14 Davis GM, Galindo RJ, Migdal AL, Umpierrez GE. Diabetes
technology in the inpatient setting for management of
hyperglycemia. Endocrinol Metab Clin North Am 2020; 49: 79–93.
15 Boughton CK, Bally L, Martignoni F, et al. Fully closed-loop insulin
delivery in inpatients receiving nutritional support: a two-centre,
open-label, randomised controlled trial. Lancet Diabetes Endocrinol
2019; 7: 368–77.
16 Bally L, Thabit H, Hartnell S, et al. Closed-loop insulin delivery for
glycemic control in noncritical care. N Engl J Med 2018;
379: 547–56.
17 Pasquel FJ, Umpierrez GE. Individualizing inpatient diabetes
management during the coronavirus disease 2019 pandemic.
J Diabetes Sci Technol 2020; 14: 705–07.
18 Galindo RJ, Aleppo G, Klonoff DC, et al. Implementation of
continuous glucose monitoring in the hospital: emergent
considerations for remote glucose monitoring during the
COVID-19 pandemic. J Diabetes Sci Technol 2020; 14: 822–32.

12

19
20
21
22
23
24
25

26

27
28

29
30
31
32
33
34
35
36

37

38
39
40

41

American Diabetes Association. 15. Diabetes care in the hospital:
standards of medical care in diabetes—2020. Diabetes Care 2020;
43 (suppl 1): S193–202.
Joint British Diabetes Societies for Inpatient Care group.
https://abcd.care/joint-british-diabetes-societies-jbds-inpatient-caregroup (accessed Jan 2, 2021).
Korytkowski M, Antinori-Lent K, Drincic A, et al. A pragmatic
approach to inpatient diabetes management during the COVID-19
pandemic. J Clin Endocrinol Metab 2020; 105: 3076–87.
Bornstein SR, Rubino F, Khunti K, et al. Practical recommendations
for the management of diabetes in patients with COVID-19.
Lancet Diabetes Endocrinol 2020; 8: 546–50.
American Diabetes Association. Diabetes care in the hospital:
standards of medical care in diabetes-2021. Diabetes Care 2021;
44 (suppl 1): s211–20.
Malcolm J, Halperin I, Miller DB, et al. In-hospital management of
diabetes. Can J Diabetes 2018; 42 (suppl 1): s115–23.
Satpathy SV, Datta S, Upreti B. Utilization study of antidiabetic
agents in a teaching hospital of Sikkim and adherence to current
standard treatment guidelines. J Pharm Bioallied Sci 2016;
8: 223–28.
Rajendran R, Kerry C, Rayman G, on behalf of the MaGIC Study
Group. Temporal patterns of hypoglycaemia and burden of
sulfonylurea-related hypoglycaemia in UK hospitals: a retrospective
multicentre audit of hospitalised patients with diabetes. BMJ Open
2014; 4: e005165.
Sultana G, Kapur P, Aqil M, Alam MS, Pillai KK. Drug utilization of
oral hypoglycemic agents in a university teaching hospital in India.
J Clin Pharm Ther 2010; 35: 267–77.
Roberts A, James J, Dhatariya K, on behalf of the Joint British
Diabetes Societies for Inpatient Care. Management of
hyperglycaemia and steroid (glucocorticoid) therapy: a guideline
from the Joint British Diabetes Societies (JBDS) for inpatient care
group. Diabet Med 2018; 35: 1011–17.
Van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin
therapy in critically ill patients. N Engl J Med 2001; 345: 1359–67.
The NICE-SUGAR Study Investigators. Intensive versus
conventional glucose control in critically ill patients. N Engl J Med
2009; 360: 1283–97.
Jacobi J, Bircher N, Krinsley J, et al. Guidelines for the use of an
insulin infusion for the management of hyperglycemia in critically
ill patients. Crit Care Med 2012; 40: 3251–76.
Levy N, Hall GM. National guidance contributes to the high
incidence of inpatient hypoglycaemia. Diabet Med 2019;
36: 120–21.
Kitabchi AE, Umpierrez GE, Miles JM, Fisher JN. Hyperglycemic
crises in adult patients with diabetes. Diabetes Care 2009;
32: 1335–43.
Savage MW, Dhatariya KK, Kilvert A, et al. Joint British Diabetes
Societies guideline for the management of diabetic ketoacidosis.
Diabet Med 2011; 28: 508–15.
Palermo NE, Sadhu AR, McDonnell ME. Diabetic ketoacidosis in
COVID-19: unique concerns and considerations.
J Clin Endocrinol Metab 2020; 105: 2819–29.
Pasquel FJ, Tsegka K, Wang H, et al. Clinical outcomes in patients
with isolated or combined diabetic ketoacidosis and hyperosmolar
hyperglycemic state: a retrospective, hospital-based cohort study.
Diabetes Care 2020; 43: 349–57.
Johnston KC, Bruno A, Pauls Q, et al. Intensive vs standard
treatment of hyperglycemia and functional outcome in patients
with acute ischemic stroke: the SHINE randomized clinical trial.
JAMA 2019; 322: 326–35.
Gunst J, De Bruyn A, Van den Berghe G. Glucose control in the ICU.
Curr Opin Anaesthesiol 2019; 32: 156–62.
Kramer AH, Roberts DJ, Zygun DA. Optimal glycemic control in
neurocritical care patients: a systematic review and meta-analysis.
Crit Care 2012; 16: R203.
Umpierrez G, Cardona S, Pasquel F, et al. Randomized controlled
trial of intensive versus conservative glucose control in patients
undergoing coronary artery bypass graft surgery: GLUCO-CABG
trial. Diabetes Care 2015; 38: 1665–72.
Kreider KE, Lien LF. Transitioning safely from intravenous to
subcutaneous insulin. Curr Diab Rep 2015; 15: 23.

www.thelancet.com/diabetes-endocrinology Published online January 27, 2021 https://doi.org/10.1016/S2213-8587(20)30381-8

Review

42

43

44

45

46
47

48

49

50
51

52

53

54
55

56
57
58

59
60

61

Avanzini F, Marelli G, Donzelli W, et al. Transition from
intravenous to subcutaneous insulin: effectiveness and safety of a
standardized protocol and predictors of outcome in patients with
acute coronary syndrome. Diabetes Care 2011; 34: 1445–50.
Umpierrez GE, Smiley D, Zisman A, et al. Randomized study of
basal-bolus insulin therapy in the inpatient management of patients
with type 2 diabetes (RABBIT 2 trial). Diabetes Care 2007;
30: 2181–86.
Umpierrez GE, Hor T, Smiley D, et al. Comparison of inpatient
insulin regimens with detemir plus aspart versus neutral protamine
hagedorn plus regular in medical patients with type 2 diabetes.
J Clin Endocrinol Metab 2009; 94: 564–69.
Umpierrez GE, Smiley D, Jacobs S, et al. Randomized study of
basal-bolus insulin therapy in the inpatient management of patients
with type 2 diabetes undergoing general surgery (RABBIT 2
surgery). Diabetes Care 2011; 34: 256–61.
Schroeder JE, Liebergall M, Raz I, et al. Benefits of a simple
glycaemic protocol in an orthopaedic surgery ward: a randomized
prospective study. Diabetes Metab Res Rev 2012; 28: 71–75.
Umpierrez GE, Smiley D, Hermayer K, et al. Randomized study
comparing a basal-bolus with a basal plus correction insulin regimen
for the hospital management of medical and surgical patients with
type 2 diabetes: Basal Plus trial. Diabetes Care 2013; 36: 2169–74.
Mader JK, Neubauer KM, Schaupp L, et al. Efficacy, usability and
sequence of operations of a workflow-integrated algorithm for
basal-bolus insulin therapy in hospitalized type 2 diabetes patients.
Diabetes Obes Metab 2014; 16: 137–46.
Bueno E, Benitez A, Rufinelli JV, et al. Basal-bolus regimen with
insulin analogues versus human insulin in medical patients with
type 2 diabetes: a randomized controlled trial in Latin America.
Endocr Pract 2015; 21: 807–13.
Bellido V, Suarez L, Rodriguez MG, et al. Comparison of basal-bolus
and premixed insulin regimens in hospitalized patients with type 2
diabetes. Diabetes Care 2015; 38: 2211–16.
Vellanki P, Bean R, Oyedokun FA, et al. Randomized controlled
trial of insulin supplementation for correction of bedtime
hyperglycemia in hospitalized patients with type 2 diabetes.
Diabetes Care 2015; 38: 568–74.
Gracia-Ramos AE, del Pilar Cruz-Domínguez M,
Madrigal-Santillán EO, Morales-González JA, Madrigal-Bujaidar E,
Aguilar-Faisal JL. Premixed insulin analogue compared with basalplus regimen for inpatient glycemic control. Diabetes Technol Ther
2016; 18: 705–12.
Pasquel FJ, Lansang MC, Khowaja A, et al. A randomized controlled
trial comparing glargine U300 and glargine U100 for the inpatient
management of medicine and surgery patients with type 2 diabetes:
Glargine U300 Hospital Trial. Diabetes Care 2020; 43: 1242–48.
Colunga-Lozano LE, Gonzalez Torres FJ, Delgado-Figueroa N, et al.
Sliding scale insulin for non-critically ill hospitalised adults with
diabetes mellitus. Cochrane Database Syst Rev 2018; 11: CD011296.
Christensen MB, Gotfredsen A, Nørgaard K. Efficacy of basal-bolus
insulin regimens in the inpatient management of non-critically ill
patients with type 2 diabetes: a systematic review and meta-analysis.
Diabetes Metab Res Rev 2017; 33: e2885.
Lee Y-Y, Lin Y-M, Leu W-J, et al. Sliding-scale insulin used for blood
glucose control: a meta-analysis of randomized controlled trials.
Metabolism 2015; 64: 1183–92.
Umpierrez GE, Pasquel FJ. Management of inpatient
hyperglycemia and diabetes in older adults. Diabetes Care 2017;
40: 509–17.
Roberts AW, Penfold S, on behalf of the Joint British Diabetes
Societies (JBDS) for Inpatient Care. Glycaemic management during
the inpatient enteral feeding of people with stroke and diabetes.
Diabet Med 2018; 35: 1027–36.
Bogun M, Inzucchi SE. Inpatient management of diabetes and
hyperglycemia. Clin Ther 2013; 35: 724–33.
Nobels F, Lecomte P, Deprez N, Van Pottelbergh I,
Van Crombrugge P, Foubert L. Tight glycaemic control: clinical
implementation of protocols. Best Pract Res Clin Anaesthesiol 2009;
23: 461–72.
Amir M, Sinha V, Kistangari G, Lansang MC. Clinical characteristics
of patients with type 2 diabetes mellitus continued on oral
antidiabetes medications in the hospital. Endocr Pract 2020;
26: 167–73.

62

63
64

65

66

67

68

69

70
71
72
73

74

75
76

77
78

79
80
81

Umpierrez GE, Korytkowski M. Is incretin-based therapy ready for
the care of hospitalized patients with type 2 diabetes?: insulin
therapy has proven itself and is considered the mainstay of
treatment. Diabetes Care 2013; 36: 2112–17.
Umpierrez GE, Schwartz S. Use of incretin-based therapy in
hospitalized patients with hyperglycemia. Endocr Pract 2014;
20: 933–44.
Umpierrez GE, Gianchandani R, Smiley D, 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: 3430–35.
Vellanki P, Rasouli N, Baldwin D, et al. Glycaemic efficacy and safety
of linagliptin compared to basal-bolus insulin regimen in patients
with type 2 diabetes undergoing non-cardiac surgery: a multicentre
randomized clinical trial. Diabetes Obes Metab 2019; 21: 837–43.
Garg R, Schuman B, Hurwitz S, Metzger C, Bhandari S. Safety
and efficacy of saxagliptin for glycemic control in non-critically ill
hospitalized patients. BMJ Open Diabetes Res Care 2017;
5: e000394.
Pérez-Belmonte LM, Gómez-Doblas JJ, Millán-Gómez M, et al.
Use of linagliptin for the management of medicine department
inpatients with type 2 diabetes in real-world clinical practice
(Lina-Real-World Study). J Clin Med 2018; 7: 271.
Fayfman M, Galindo RJ, Rubin DJ, et al. A randomized controlled
trial on the safety and efficacy of exenatide therapy for the inpatient
management of general medicine and surgery patients with type 2
diabetes. Diabetes Care 2019; 42: 450–56.
Pasquel FJ, Gianchandani R, Rubin DJ, et al. Efficacy of sitagliptin
for the hospital management 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: 125–33.
Gianchandani RY, Pasquel FJ, Rubin DJ, et al. The efficacy and safety
of co-administration of sitagliptin with metformin in patients with
type 2 diabetes at hospital discharge. Endocr Pract 2018; 24: 556–64.
Montejano L, Vo L, McMorrow D. Transitions of care for people
with type 2 diabetes: utilization of antihyperglycemic agents
pre- and post-hospitalization. Diabetes Ther 2016; 7: 91–103.
Pasquel FJ, Klein R, Adigweme A, et al. Metformin-associated lactic
acidosis. Am J Med Sci 2015; 349: 263–67.
Cheng X, Liu Y-M, Li H, et al. Metformin is associated with higher
incidence of acidosis, but not mortality, in individuals with
COVID-19 and pre-existing type 2 diabetes. Cell Metab 2020;
32: 537–47.e3.
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;
41: 547–53.
Iyengar R, Franzese J, Gianchandani R. Inpatient glycemic
management in the setting of renal insufficiency/failure/dialysis.
Curr Diab Rep 2018; 18: 75.
Bishay RH, Meyerowitz-Katz G, Chandrakumar D, et al. Evaluating
the diabetes–cardiology interface: a glimpse into the diabetes
management of cardiology inpatients in western Sydney’s ‘diabetes
hotspot’ and the establishment of a novel model of care.
Diabetol Metab Syndr 2018; 10: 90.
Deusenberry CM, Coley KC, Korytkowski MT, Donihi AC.
Hypoglycemia in hospitalized patients treated with sulfonylureas.
Pharmacotherapy 2012; 32: 613–17.
Stuart K, Adderley NJ, Marshall T, et al. Predicting inpatient
hypoglycaemia in hospitalized patients with diabetes:
a retrospective analysis of 9584 admissions with diabetes.
Diabet Med 2017; 34: 1385–91.
Heaton PC, Desai VCA, Kelton CM, Rajpathak SN. Sulfonylurea
use and the risk of hospital readmission in patients with type 2
diabetes. BMC Endocr Disord 2016; 16: 4.
Bolen S, Feldman L, Vassy J, et al. Systematic review: comparative
effectiveness and safety of oral medications for type 2 diabetes
mellitus. Ann Intern Med 2007; 147: 386–99.
Khalam A, Dilip C, Shinu C. Drug use evaluation of diabetes
mellitus in hospitalized patients of a tertiary care referral hospital.
J Basic Clin Physiol Pharmacol 2012; 23: 173–77.

www.thelancet.com/diabetes-endocrinology Published online January 27, 2021 https://doi.org/10.1016/S2213-8587(20)30381-8

13

Review

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98
99

14

Buse JB, Wexler DJ, Tsapas A, et al. 2019 update to: management of
hyperglycaemia in type 2 diabetes, 2018. A consensus report by the
American Diabetes Association (ADA) and the European Association
for the Study of Diabetes (EASD). Diabetologia 2020; 63: 221–28.
Thiruvenkatarajan V, Meyer EJ, Nanjappa N, Van Wijk RM,
Jesudason D. Perioperative diabetic ketoacidosis associated with
sodium-glucose co-transporter-2 inhibitors: a systematic review.
Br J Anaesth 2019; 123: 27–36.
Damman K, Beusekamp JC, Boorsma EM, et al. Randomized,
double-blind, placebo-controlled, multicentre pilot study on the
effects of empagliflozin on clinical outcomes in patients with acute
decompensated heart failure (EMPA-RESPONSE-AHF).
Eur J Heart Fail 2020; 22: 713–22.
Abuannadi M, Kosiborod M, Riggs L, et al. Management of
hyperglycemia with the administration of intravenous exenatide to
patients in the cardiac intensive care unit. Endocr Pract 2013;
19: 81–90.
Kohl BA, Hammond MS, Cucchiara AJ, Ochroch EA. Intravenous
GLP-1 (7-36) amide for prevention of hyperglycemia during cardiac
surgery: a randomized, double-blind, placebo-controlled study.
J Cardiothorac Vasc Anesth 2014; 28: 618–25.
Besch G, Perrotti A, Mauny F, et al. Clinical effectiveness of
intravenous exenatide infusion in perioperative glycemic control
after coronary artery bypass graft surgery: a phase II/III randomized
trial. Anesthesiology 2017; 127: 775–87.
Polderman JAW, van Steen SCJ, Thiel B, et al. Peri-operative
management of patients with type-2 diabetes mellitus undergoing
non-cardiac surgery using liraglutide, glucose-insulin-potassium
infusion or intravenous insulin bolus regimens: a randomised
controlled trial. Anaesthesia 2018; 73: 332–39.
Lipš M, Mráz M, Kloučková J, et al. Effect of continuous exenatide
infusion on cardiac function and peri-operative glucose control in
patients undergoing cardiac surgery: a single-blind, randomized
controlled trial. Diabetes Obes Metab 2017; 19: 1818–22.
Kaneko S, Ueda Y, Tahara Y. GLP1 receptor agonist liraglutide is an
effective therapeutic option for perioperative glycemic control in
type 2 diabetes within enhanced recovery after surgery (ERAS)
protocols. Eur Surg Res 2018; 59: 349–60.
Hulst AH, Visscher MJ, Godfried MB, et al. Liraglutide for
perioperative management of hyperglycaemia in cardiac surgery
patients: a multicentre randomized superiority trial.
Diabetes Obes Metab 2020; 22: 557–65.
Pasquel FJ, Gomez-Huelgas R, Anzola I, et al. Predictive value of
admission hemoglobin A1c on inpatient glycemic control and
response to insulin therapy in medicine and surgery patients with
type 2 diabetes. Diabetes Care 2015; 38: e202–03.
Nauck MA, Meier JJ. Reduced COVID-19 mortality with sitagliptin
treatment? Weighing the dissemination of potentially lifesaving
findings against the assurance of high scientific standards.
Diabetes Care 2020; 43: 2906–09.
Nyström T, Gutniak MK, Zhang Q, et al. Effects of glucagon-like
peptide-1 on endothelial function in type 2 diabetes patients with
stable coronary artery disease. Am J Physiol Endocrinol Metab 2004;
287: E1209–15.
Sokos GG, Bolukoglu H, German J, et al. Effect of glucagon-like
peptide-1 (GLP-1) on glycemic control and left ventricular function in
patients undergoing coronary artery bypass grafting. Am J Cardiol
2007; 100: 824–29.
Nathanson D, Ullman B, Löfström U, et al. Effects of intravenous
exenatide in type 2 diabetic patients with congestive heart failure:
a double-blind, randomised controlled clinical trial of efficacy and
safety. Diabetologia 2012; 55: 926–35.
Makino H, Tanaka A, Asakura K, et al. Addition of low-dose
liraglutide to insulin therapy is useful for glycaemic control during
the peri-operative period: effect of glucagon-like peptide-1 receptor
agonist therapy on glycaemic control in patients undergoing cardiac
surgery (GLOLIA study). Diabet Med 2019; 36: 1621–28.
Pasquel FJ, Spiegelman R, McCauley M, et al. Hyperglycemia during
total parenteral nutrition: an important marker of poor outcome and
mortality in hospitalized patients. Diabetes Care 2010; 33: 739–41.
Laesser CI, Cumming P, Reber E, Stanga Z, Muka T, Bally L.
Management of glucose control in noncritically ill, hospitalized
patients receiving parenteral and/or enteral nutrition: a systematic
review. J Clin Med 2019; 8: 935.

100 Hamdy O, Gabbay RA. Early observation and mitigation of
challenges in diabetes management of COVID-19 patients in critical
care units. Diabetes Care 2020; 43: e81–82.
101 Narwani V, Swafe L, Stavraka C, Dhatariya K. How frequently are
bedside glucose levels measured in hospital inpatients on
glucocorticoid treatment? Clin Med (Lond) 2014; 14: 327–28.
102 Burt MG, Drake SM, Aguilar-Loza NR, Esterman A, Stranks SN,
Roberts GW. Efficacy of a basal bolus insulin protocol to treat
prednisolone-induced hyperglycaemia in hospitalised patients.
Intern Med J 2015; 45: 261–66.
103 Brady V, Thosani S, Zhou S, Bassett R, Busaidy NL, Lavis V. Safe and
effective dosing of basal–bolus insulin in patients receiving highdose steroids for hyper-cyclophosphamide, doxorubicin, vincristine,
and dexamethasone chemotherapy. Diabetes Technol Ther 2014;
16: 874–79.
104 Khowaja A, Alkhaddo JB, Rana Z, Fish L. Glycemic control in
hospitalized patients with diabetes receiving corticosteroids using a
neutral protamine Hagedorn insulin protocol: a randomized clinical
trial. Diabetes Ther 2018; 9: 1647–55.
105 Rayman G, Lumb AN, Kennon B, et al. Dexamethasone therapy in
COVID-19 patients: implications and guidance for the management
of blood glucose in people with and without diabetes. Diabet Med
2021; 38: e14378.
106 Dhatariya K, Levy N, Kilvert A, et al. NHS Diabetes guideline for the
perioperative management of the adult patient with diabetes.
Diabet Med 2012; 29: 420–33.
107 Rollins KE, Varadhan KK, Dhatariya K, Lobo DN. Systematic review
of the impact of HbA1c on outcomes following surgery in patients
with diabetes mellitus. Clin Nutr 2016; 35: 308–16.
108 National Confidential Enquiry into Patient Outcome and Death.
Perioperative diabetes: high and lows. 2018. https://www.ncepod.
org.uk/2018pd.html (accessed Jan 7, 2021).
109 Fayfman M, Davis G, Duggan EW, et al. Sitagliptin for prevention of
stress hyperglycemia in patients without diabetes undergoing
general surgery: a pilot randomized study. J Diabetes Complications
2018; 32: 1091–96.
110 Cardona S, Tsegka K, Pasquel FJ, et al. Sitagliptin for the prevention
of stress hyperglycemia in patients without diabetes undergoing
coronary artery bypass graft (CABG) surgery.
BMJ Open Diabetes Res Care 2019; 7: e000703.
111 Cardona S, Tsegka KG, Jacobs S, et al. 60-OR: sitagliptin for the
prevention and treatment of perioperative hyperglycemia in diabetic
patients undergoing cardiac surgery. Diabetes 2019;
68 (suppl 1): 60-OR.
112 US FDA. FDA approves label changes to SGLT2 inhibitors
regarding temporary discontinuation of medication before
scheduled surgery. FDA approves label update to sodium glucose
co-transporter-2 (SGLT2) inhibitors. https://www.
europeanpharmaceuticalreview.com (accessed Jan 1, 2020).
113 Kyi M, Colman PG, Rowan LM, Marley KA, Wraight PR,
Fourlanos S. Glucometric benchmarking in an Australian hospital
enabled by networked glucose meter technology. Med J Aust 2019;
211: 175–80.
114 US FDA. US 510 (k) application K162042, OptiScanner 5000
Glucose Monitoring System. 2017. https://www.accessdata.fda.gov/
cdrh_docs/pdf16/K162042.pdf (accessed March 3, 2020).
115 Nair BG, Dellinger EP, Flum DR, Rooke GA, Hirsch IB. A pilot
study of the feasibility and accuracy of inpatient continuous glucose
monitoring. Diabetes Care 2020; 43: e168–69.
116 Montero AR, Dubin JS, Sack P, Magee MF. Future technologyenabled care for diabetes and hyperglycemia in the hospital setting.
World J Diabetes 2019; 10: 473–80.
117 Migdal AL, Spanakis EK, Galindo RJ, et al. Accuracy and precision
of continuous glucose monitoring in hospitalized patients
undergoing radiology procedures. J Diabetes Sci Technol 2020;
14: 1135–36.
118 Singh LG, Satyarengga M, Marcano I, et al. Reducing inpatient
hypoglycemia in the general wards using real-time continuous
glucose monitoring: the glucose telemetry system, a randomized
clinical trial. Diabetes Care 2020; 43: 2736–43.
119 Fortmann AL, Spierling Bagsic SR, Talavera L, et al. Glucose as the
fifth vital sign: a randomized controlled trial of continuous glucose
monitoring in a non-ICU hospital setting. Diabetes Care 2020;
43: 2873–77.

www.thelancet.com/diabetes-endocrinology Published online January 27, 2021 https://doi.org/10.1016/S2213-8587(20)30381-8

Review

120 Reutrakul S, Genco M, Salinas H, et al. Feasibility of inpatient
continuous glucose monitoring during the COVID-19 pandemic:
early experience. Diabetes Care 2020; 43: e137–38.
121 Shehav-Zaltzman G, Segal G, Konvalina N, Tirosh A. Remote
glucose monitoring of hospitalized, quarantined patients with
diabetes and COVID-19. Diabetes Care 2020; 43: e75–76.
122 Ushigome E, Yamazaki M, Hamaguchi M, et al. Usefulness and
safety of remote continuous glucose monitoring for a severe
COVID-19 patient with diabetes.
Diabetes Technol Ther 2021; 23: 78–80.
123 Agarwal S, Mathew J, Davis GM, et al. Continuous glucose
monitoring in the intensive care unit during the COVID-19
pandemic. Diabetes Care 2020; published online Dec 23.
https://doi.org/10.2337/dc20-2219.
124 Sadhu AR, Serrano IA, Xu J, et al. continuous glucose monitoring
in critically ill patients with covid-19: results of an emergent pilot
study. J Diabetes Sci Technol 2020; 14: 1065–73.
125 Kannan S, Satra A, Calogeras E, Lock P, Lansang MC. Insulin
pump patient characteristics and glucose control in the hospitalized
setting. J Diabetes Sci Technol 2014; 8: 473–78.
126 Thompson B, Leighton M, Korytkowski M, Cook CB. An overview
of safety issues on use of insulin pumps and continuous glucose
monitoring systems in the hospital. Curr Diab Rep 2018; 18: 81.
127 Thompson B, Korytkowski M, Klonoff DC, Cook CB. Consensus
statement on use of continuous subcutaneous insulin infusion
therapy in the hospital. J Diabetes Sci Technol 2018; 12: 880–89.
128 Umpierrez GE, Klonoff DC. Diabetes technology update: use of
insulin pumps and continuous glucose monitoring in the hospital.
Diabetes Care 2018; 41: 1579–89.
129 Lansang MC, Modic MB, Sauvey R, et al. Approach to the adult
hospitalized patient on an insulin pump. J Hosp Med 2013;
8: 721–27.
130 Evans K, Green E, Hudson B, et al. Clinical guideline: guidelines
for managing continuous subcutaneous insulin infusion (CSII, or
‘insulin pump’) therapy in hospitalised patients. ABCD Diabetes
Technology Network, 2018. https://abcd.care/sites/abcd.care/files/
BP_DTN_v13%20FINAL.pdf (accessed January 2, 2021).
131 Wallia A, Umpierrez GE, Rushakoff RJ, et al. Consensus statement
on inpatient use of continuous glucose monitoring.
J Diabetes Sci Technol 2017; 11: 1036–44.

132 Boughton CK, Hovorka R. Advances in artificial pancreas systems.
Sci Transl Med 2019; 11: eaaw4949.
133 Bally L, Gubler P, Thabit H, et al. Fully closed-loop insulin delivery
improves glucose control of inpatients with type 2 diabetes
receiving hemodialysis. Kidney Int 2019; 96: 593–96.
134 Ullal J, Aloi JA. Subcutaneous insulin dosing calculators for
inpatient glucose control. Curr Diab Rep 2019; 19: 120.
135 Jones MS, Goley AL, Alexander BE, Keller SB, Caldwell MM,
Buse JB. Inpatient transition to virtual care during COVID-19
pandemic. Diabetes Technol Ther 2020; 22: 444–48.
136 Espinoza J, Shah P, Raymond J. Integrating continuous glucose
monitor data directly into the electronic health record: proof of
concept. Diabetes Technol Ther 2020; 22: 570–76.
137 Zhou K, Al-Jaghbeer MJ, Lansang MC. Hyperglycemia
management in hospitalised patients with COVID-19.
Cleve Clin J Med 2020; published online July 17. https://doi.
org/10.3949/ccjm.87a.ccc012.
138 Rayman G, Lumb A, Kennon B, et al. Guidance on the management
of diabetic ketoacidosis in the exceptional circumstances of the
COVID-19 pandemic. Diabet Med 2020; 37: 1214–16.
139 Lansang MC. The circle of care in diabetes: from home to hospital
to home. Endocr Pract 2018; 24: 1012–14.
140 Nassar CM, Montero A, Magee MF. Inpatient diabetes education in
the real world: an overview of guidelines and delivery models.
Curr Diab Rep 2019; 19: 103.
141 Umpierrez GE, Reyes D, Smiley D, et al. Hospital discharge
algorithm based on admission HbA1c for the management of
patients with type 2 diabetes. Diabetes Care 2014; 37: 2934–39.
142 Dhatariya K. Should inpatient hyperglycaemia be treated? BMJ
2013; 346: f134.
143 Packer M, Anker SD, Butler J, et al. Cardiovascular and Renal
Outcomes with Empagliflozin in Heart Failure. N Engl J Med 2002;
383: 1413–24.
144 McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in
patients with heart failure and reduced ejection fraction.
N Engl J Med 2019; 381: 1995–2008.
© 2021 Elsevier Ltd. All rights reserved.

www.thelancet.com/diabetes-endocrinology Published online January 27, 2021 https://doi.org/10.1016/S2213-8587(20)30381-8

15

