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G 
lucocorticoids are prescribed for hospi-
talized patients with cancer for a variety 
of reasons, including cerebral edema, 
nausea prevention, and as part of a can-
cer treatment regimen. Glucocorticoids 

are known to cause hyperglycemia. Hyperglycemia 
(steroid-induced or otherwise) among noncritically 
ill hospitalized patients has been shown to lead to 
increased length of hospital stay, delayed wound heal-
ing, increased infections, and higher mortality rates 
(Lleva & Inzucchi, 2011), which suggests the need for 
improved management strategies. The purpose of this 
review was to integrate the published research on the 
management and the effects of management of steroid-
induced hyperglycemia among hospitalized adult pa-
tients with cancer with or without preexisting diabetes.

Background

Inpatient hyperglycemia, which occurs in 32%–38% of 
hospitalized patients, is defined as having blood glucose 
values greater than 140 mg/dl during hospitalization 
(Moghissi et al., 2009; Smiley & Umpierrez, 2010; Umpi-
errez et al., 2012). This elevated glucose level can occur 
for various reasons, including omission of antidiabetic 
agents in patients with known diabetes, stress hypergly-
cemia as a result of acute illness, and steroid-induced 
hyperglycemia (American Diabetes Association [ADA], 
2013). Regardless of the underlying cause, hyperglyce-
mia in hospitalized patients (with or without diabetes) 
has been associated with poor outcome (Moghissi et al., 
2009). On the basis of the reported incidence of hyper-
glycemia among hospitalized patients, the ADA’s (2011) 
Clinical Practice Recommendations suggested that all 
patients with known diabetes and/or those receiving 
medications associated with hyperglycemia receive glu-
cose monitoring during hospitalization in conjunction 
with meals or at meal times or every four to six hours if 
not eating. In 2013, the ADA further recommended that 
glucose monitoring be conducted in patients without 
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Problem Identification: Glucocorticoids are prescribed for 
hospitalized patients with cancer for a variety of reasons, 
including cerebral edema, treatment and prevention of 
nausea, and as part of cancer treatment regimens. Gluco-
corticoids are known to cause hyperglycemia. The purpose 
of this study was to integrate the published research on the 
management and the effects of steroid-induced hypergly-
cemia in hospitalized adult patients with cancer with or 
without preexisting diabetes.

Literature Search: MEDLINE®, PubMed, EMBASE, CINAHL®, 
and Scopus electronic databases were used to identify 
relevant articles. Bibliographies of included studies were 
reviewed for any pertinent studies that were not obtained 
through database search. 

Data Evaluation: 1,392 studies were identified. A total of 
18 studies that met criteria were fully reviewed, 6 of which 
met all of the inclusion criteria. 

Data Analysis: Data were abstracted from the included 
studies using a systematic code sheet to document char-
acteristics of the studies and findings on management of 
hyperglycemia. Characteristics of the studies and findings on 
management of hyperglycemia were organized into three 
tables: the patients did not have preexisting diabetes, the 
patients had preexisting diabetes, and patients with or with-
out preexisting diabetes were both included in the study. 
Management and effects of management of hyperglycemia 
were then compared and synthesized.

Presentation of Findings: Hyperglycemia occurs in hospi-
talized patients with cancer irrespective of whether patients 
have a prior history of diabetes. Hyperglycemia resulting 
from steroids is treated in a variety of ways, but the resulting 
glycemic control has not been consistently documented. 
However, this review suggests that scheduled insulin (basal-
bolus) is effective in attainment of glucose targets.

Implications for Practice: Nurses should be aware of the 
effect that steroids have on glycemic control in patients 
and should be empowered to request or perform blood 
glucose monitoring when appropriate. Nurses can identify 
those patients receiving steroids and assess for signs and 
symptoms of hyperglycemia. They also can review routine 
laboratory results and assess for hyperglycemia in patients 
receiving steroids. 
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known diabetes who were receiving therapies with high 
risk of hyperglycemia, such as parenteral or enteral nu-
trition, glucocorticoids, immunosuppressive therapy, or 
octreotide. The Endocrine Society recommended that all 
patients have blood glucose levels tested on admission, 
regardless of whether they have a diagnosis of preexist-
ing diabetes. This approach is believed to be warranted 
by the opportunity to diagnose new diabetes and to 
assess glycemic control early in the hospital course 
(Umpierrez et al., 2012).

Hospitalized Patients With Cancer

Inpatients with cancer are treated in a variety of set-
tings, including the general medical, intensive care, and 
palliative care units. In a study by Rocque et al. (2013) 
of 149 unscheduled admissions in 119 patients with 
metastatic cancer, 66% were hospitalized for adverse ef-
fects of treatment, including pain (28%), gastrointestinal 
obstruction (16%), dyspnea (10%), altered mental status 
(5%), and failure to thrive (4%). Others were hospital-
ized for cancer treatment, including procedures (mag-
netic resonance imaging, computed tomography, or ul-
trasounds), surgery, radiation therapy, or chemotherapy 
(Rocque et al., 2013). Shah, Cui, Busaidy, Sherman, and 
Lavis (2008) reported that 20% of patients with cancer 
who were hospitalized experienced significant hyper-
glycemia (blood glucose of 200 mg/dl or greater for 
two days or longer), and Morganstein, Tan, Gore, and 
Feher (2012) noted that 11% of inpatients had either 
diabetes or hyperglycemia.

Steroid-Induced Hyperglycemia

Glucocorticoids are known to have a deleterious 
effect on glycemic control. Prolonged exposure to 
dexamethasone and prednisone can lead to hyperin-
sulinemia, inhibitory effects on b-cell function, and 
diabetes (van Raalte, Ouwens, & Diamant, 2009). 
This negative effect is believed to be caused by a va-
riety of factors, including increased insulin resistance, 
increased glucose intolerance, reduced b-cell mass 
from b-cell dysfunction, and increased hepatic insulin 
resistance leading to impaired suppression of hepatic 
glucose production (van Raalte et al., 2009).

Hyperglycemia often is compounded by steroid ad-
ministration. Steroids are prescribed for patients with 
cancer as either a component of a chemotherapy regi-
men or for symptom management. The types and doses 
of steroids administered vary according to the reasons 
they are prescribed. The most commonly prescribed 
steroids for patients hospitalized with cancer include 
methylprednisolone, prednisone, and dexamethasone. 
Dexamethasone (8–12 mg) is used in the management 
of nausea and vomiting (Trigg & Higa, 2010), a common 
adverse effect of many cancer treatments. Various doses 

of dexamethasone (4–16 mg per day or more) have been 
used to control edema associated with brain metastasis 
(Ryken et al., 2010) Prednisone (100 mg) and dexa-
methasone (40 mg) have been used in combination with 
other chemotherapeutic agents as part of chemotherapy 
protocols (Lee et al., 2014; Romaguera et al., 2005). Meth-
ylprednisolone doses as high as 2 mg/kg per day have 
been used in the treatment of graft-versus-host disease 
(Holtan, Pasquini, & Weisdorf, 2014; Ruutu et al., 2014). 
To put these doses in perspective, steroid dose equiva-
lences are as follows: 0.75 mg of dexamethasone equals 
5 mg of prednisone equals 4 mg methylprednisolone 
equals 20 mg of hydrocortisone equals 25 mg of cor-
tisone (National Adrenal Diseases Foundation, 2014). 
The choice of agent often is based on desired mineral 
corticoid activity, cost, and physician preference. Regard-
less of the steroid used, all can induce hyperglycemia 
in high enough doses. Patients in palliative care have 
a significantly increased risk of developing steroid-
induced diabetes (odds ratio = 1.5–2.5) (Pilkey, Streeter, 
Beel, Hiebert, & Li, 2012). 

Gulliford, Charlton, and Latinovic (2006) reported 
that, in a primary care population, 2% of incident cases 
of diabetes were associated with oral glucocorticoids. 
Among patients with a previous history of diabetes, the 
prevalence of steroid-induced hyperglycemia has been 
20%–50% (Umpierrez et al., 2012). Donihi, Raval, Saul, 
Korytkowski, and DeVita (2006) stated that, among 
617 patients admitted to the general medicine service 
receiving high-dose steroids (40 mg or higher predni-
sone or the equivalent) for two or more days, only 66 
had blood glucose monitoring performed and, of these, 
about 50% of patients without known diabetes and 
64% of those who were monitored experienced at least 
one episode of hyperglycemia, with multiple episodes 

Table 1. Suggestions for Hyperglycemia 
Management

Study Recommendation

American Diabetes 
Association, 2013

Use a three-pronged approach to 
treatment: diet, physical activity, and 
medication. 

Clore & Thurby-
Hay, 2009

Use sulfonylureas, metformin, thiazoli-
dinediones, and insulin for the manage-
ment of hyperglycemia.

Oyer et al., 2006a Treat steroid-induced hyperglycemia, 
steroid-induced diabetes, and drug-
induced hyperglycemia similarly.

Umpierrez et al., 
2012

Discontinue oral agents and initiate 
basal-bolus insulin therapy.

a Terms all describe the effects of glucocorticoids, mineral corticoids, 
or corticosteroids on glycemic control.
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being associated with more comorbid diseases and 
longer exposure to steroids. In a study of 25 patients, 
Iwamoto, Kagawa, Naito, Kuzuhara, and Kojima (2004) 
reported that steroid-induced diabetes occurred in 13 
patients (52%) with no previous history of diabetes who 
received 30–60 mg per day of prednisone for more than 
two weeks for the management of neurologic disease.

Various methods for the management of hypergly-
cemia have been proposed. Suggested modes of man-
agement of hyperglycemia are summarized in Tables 1 
and 2. The purpose of this review is to evaluate existing 
methods of managing steroid-induced hyperglycemia 
among hospitalized patients with 
cancer and to examine the effects of 
management on glycemic control, 
infection rates, hospital length of 
stay, and adverse outcomes such as 
diabetic keto acidosis (DKA) and 
hyperosmolar hyperglycemic state 
(HHS), as well as to discuss implica-
tions for nursing practice.

Methods
The authors conducted a review 

of the published research to evalu-
ate existing methods of managing 
steroid-induced hyperglycemia 
among hospitalized patients with 
cancer with or without preexisting 
diabetes and to examine the effects 
of management on glycemic control. 
To identify the published research, 
the authors accessed the following 
electronic databases: MEDLINE®, 
PubMed (1946–June 2013), Scopus 
(1996–June 2013), EMBASE (1947–
June 2013), and CINAHL® (1937–
June 2013). A search was conducted 
for all publication types, in English 
only, using free-text terms, combi-
nations of these terms, and medical 
subject headings. Studies eligible 
for inclusion were primary research 
conducted in an adult population 
(18 years of age or older) who had 
cancer, were hospitalized during 
the study period, were receiving 
steroids, and, when included, were 
being treated for hyperglycemia. 
Reference lists of included studies 
were reviewed for any pertinent 
studies not obtained through search 
of databases, resulting in one ad-
ditional study being retrieved. If the 

authors were uncertain from abstracts whether articles 
met inclusion criteria, full texts were obtained. Eighteen 
studies were relevant to the topic; six included all re-
quired criteria (see Figure 1). 

Results
The six included studies are summarized in Table 

3. These studies were conducted from January 1996 
to August 2013. Two of the studies were experimental 
prospective studies, one of which was a randomized,  
controlled trial. The remaining four studies were  

Table 2. Management of Hyperglycemia or Diabetes in Hospitalized 
Patients With Cancer

Intervention Recommendations

Diet and Physical Activitya

Diet Low glycemic diet; limited amounts of sweetened foods and 
beverages (Krone & Ely, 2005); limited intake of concentrated 
carbohydrates; low-fat, low-calorie, or Mediterranean diets 
(American Diabetes Association, 2013; Rock et al., 2012)

Exercise 150 minutes of aerobic activity weekly and strength training 
2–3 times per week (American Diabetes Association, 2011; 
Rock et al., 2012)

Oral Antidiabetic Medications

Biguanides Not recommended for patients with nausea, vomiting, diar-
rhea, or evidence of liver disease (Smiley & Umpierrez, 2010)

Secretagogues  
(meglitinides and  
sulfonylureas)

Not recommended as first-line therapy for inpatient use be-
cause of risk of hypoglycemia (Smiley & Umpierrez, 2010)

Thiazolidinediones Not recommended for patients with a history of heart disease 
(Smiley & Umpierrez, 2010)

Insulin

Long-acting (basal)
•	Glargine
•	Detemir
Intermediate-acting
•	NPH
•	 Regular (only one 

used for IV admin-
istration)

Short-acting (bolus)
•	 Lispro
•	 Aspart
•	Glulisine

Drug of choice for management of hyperglycemia (Lleva & 
Inzucchi, 2011; Moghissi et al., 2009; Smiley & Umpierrez, 
2010)

Delivery methods for insulin include IV push or bolus, continu-
ous IV infusion, or subcutaneous. Insulin available for sub-
cutaneous delivery includes regular, NPH, glargine, detemir, 
lispro, aspart, and glulisine. These can either be given on an 
SS basis, which implies withholding insulin until the blood  
glucose is at a preset level (usually greater than 180 mg/dl), or 
basal-bolus. Regular insulin is usually chosen for SS. Basal-
bolus therapy requires a long-acting insulin (basal) and a 
short-acting insulin (bolus), with the basal insulin being 
administered once or twice daily and the bolus being given 
with food. However, the type of insulin and the method 
of delivery depend on the patient and the clinical setting, 
which remains a topic of discussion.

a Dietary modifications and physical activity often are not feasible for hospitalized patients 
with cancer. Nausea, vomiting, decreased appetite, mucositis, and altered taste frequently 
impair dietary intake, whereas fatigue and scheduled tests can affect patients’ ability to 
participate in physical activities.

NPH—neutral protamine hagedorn; SS—sliding scale
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designed as retrospective chart reviews. Sample sizes 
ranged from 33–290, with study intervals being 4 months 
to 10 years. The study by Gogas et al. (1996), which in-
cluded patients with ovarian cancer, was the only one 
to include women only; all of the other studies included 
both men and women. The six studies included in this 
review represented a heterogeneous population and 
comprised 583 patients from diverse settings with a 
variety of cancer diagnoses. 

The two studies conducted in patients without pre-
existing diabetes reported extremes in blood glucose 
monitoring ranging from every two hours for a total of 
12 hours (Lukins & Manninen, 2005) to before supper 
on Mondays and Thursdays (Pilkey et al., 2012), with 
similar results (blood glucose, 8.5–11 mmol/L [153–198 
mg/dl]). 

Blood glucose monitoring also was varied in the stud-
ies performed in patients with preexisting diabetes. Go-
gas et al. (1996) reported monitoring of blood glucose 30 
minutes before paclitaxel infusion (n = 18) and during 
treatment. However, at what times or how often moni-
toring was done during treatment was not indicated. 
Gosmanov, Goorha, Stelts, Peng, and Umpierrez (2013) 
indicated that blood glucose readings were obtained be-
fore meals and at bedtime for both groups in the study. 
In the studies that included patients with or without 
preexisting diabetes, blood glucose monitoring was 
reported as being routinely performed four times a day 
in both populations, except among the control group in 
Vu et al. (2012), in which regular monitoring was not 

required. Although timing of blood glucose monitoring 
varied widely, the majority of the studies indicated the 
presence of steroid-induced hyperglycemia. Despite the 
heterogeneous population, small sample size, and wide 
ranges in dexamethasone dosages, findings suggest that 
steroid-induced hyperglycemia occurs in hospitalized 
patients with cancer with the management of hypergly-
cemia ranging from decreasing steroid doses (Pilkey et 
al., 2012) to using basal-bolus insulin (Gosmanov et al., 
2013; Vu et al., 2012).

Management of Steroid-Induced 
Hyperglycemia in Patients Without Diabetes

In one of the studies that did not include patients 
with preexisting diabetes, the management of steroid-
induced hyperglycemia was not discussed (Lukins & 
Manninen, 2005), although the occurrence was docu-
mented. Forty-two of the 134 palliative care patients in 
Pilkey et al. (2012) were hyperglycemic, 15 of the 134 
were diagnosed as having steroid-induced hypergly-
cemia, and 5 of those 15 patients required treatment 
with a variety of antidiabetic medications, ranging from 
oral agents in combination with insulin to multiple-
dose insulin. Patients receiving the highest doses of 
dexamethasone (16 mg) had the most significant rise 
in blood glucose. These findings suggest that steroid-
induced hyperglycemia occurs in patients without a 
history of diabetes. 

Management of Steroid-Induced 
Hyperglycemia in Patients With Preexisting 
Diabetes

In the studies of patients with preexisting diabetes, 
blood glucose values were noted to be above target 
prior to initiation of steroids despite patients receiving 
treatment for diabetes with diet, oral agents, or insu-
lin. In Gogas et al.’s (1996) study of 1,254 patients, of 
which 33 had a history of diabetes, 36% of those with 
preexisting diabetes were managed with diet, 52% with 
oral agents, and 12% with insulin. In Gosmanov et al.’s 
(2013) study (N = 40), 20% of patients were managed 
with diet, 43% with oral agents, and 37% were on insu-
lin therapy prior to steroid administration. 

All of the patients in Gosmanov et al. (2013) were 
given insulin therapy on the days they received ste-
roids, with the average daily dose starting at 0.66 units/kg 
in the basal-bolus insulin (BBI) group and beginning 
with 3 units for blood glucose levels greater than  
150 mg/dl in the sliding scale insulin (SSI) group. 
Gogas et al. (1996) indicated that five patients, whose 
hyperglycemia had been controlled by diet before ini-
tiation of steroids, required a change in therapy (three 
oral agents, two insulin) to achieve better glycemic con-
trol. In Gosmanov et al. (2013), despite having higher 
blood glucose readings at admission, on each day they  

Total number of studies included (N = 6)

Total citations found 
by electronic searches 

N = 1,392 Citations excluded 
for lack of focus on 
steroids or diabetes 

management or source 
was not a full study  

n = 1,334
Citations identified 
for further review. 

N = 58
Studies were excluded 
for focus on pediatrics 
(n = 10), background 
only (n = 1), not rele-
vant to topic (n = 28), 
and focus on survival/

outcomes (n = 2)Full text reviewed in 
detail (1 additional 
article retrieved via 
bibliography entry). 

N = 18 Studies excluded  
after full review.  

n = 12

Figure 1. Flow Diagram of Search Strategy
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Table 3. Review of Studies on Effects of Modes of Treatment of Steroid-Induced Hyperglycemia in Hospitalized Patients With Cancer

Steroid Type, 
Dose, and  
Duration 

Definition 
of Hyper-
glycemia 

Intervention
Outcomes and 

Effects of  
ManagementStudy Purpose Design Sample

BG Monitoring  
and Results

Management  
Before and After

Patients Without Preexisting Diabetes

Lukins & 
Manninen, 
2005

To document 12-hour 
BG concentrations 
in nondiabetics

To identify which pa-
tients are at risk for 
hyperglycemia dur-
ing craniotomy 

To compare glucose 
profiles of patients 
who received intra-
operative dex with 
or without preop-
erative dex with pa-
tients not receiving 
any dex

Experimental, 
prospective, 
nonrandomized 
design of three 
groups:
•	 Preoperative, 

receiving dex 
before surgery 
and continuing

•	 Intraoperative, 
receiving dex 
during and 
continuing

•	None, not re-
ceiving any dex

N = 34
•	 Preoperative: 9 

men and 3 wom-
en with a median 
age of 60 years

•	 Intraoperative: 6 
men and 2 wom-
en with a median 
age of 53 years

•	None: 4 men 
and 10 women 
with a median 
age of 47 years

•	 Preoperative: 
12–24 mg per 
day of dex for 
an average of 
12 days

•	 Preoperative 
and intraop-
erative: 10 mg 
dex via IV dur-
ing induction 
of anesthesia 
and 4 mg  
393 minutes 
(± 100) later

Target BG  
of 80–150 
mg/dl

BG checked just before 
anesthesia and every  
two hours for 12 hours

96% of readings from 
arterial blood 

Mean peak BG:
•	 Preoperative:  

8.5 mmol/L
•	 Intraoperative:  

11 mmol/L
•	None: 7.8 mmol/L

None The longer the 
surgery, the 
higher the BG.

Patients in the 
intraoperative 
group had the 
largest increase 
in BG (180–249 
mg/dl).

Pilkey et 
al., 2012

To determine preva-
lence rate of steroid-
induced diabetes 
and whether screen-
ing glucose twice 
per week is appro-
priate or required

To determine whether 
predictors exist for 
the development 
of steroid-induced 
diabetes

Observational, 
retrospective, 
chart review

N = 134 (77 wom-
en and 57 men 
with a median age 
of 71 years)

Participants were in 
two palliative care 
units.

Types of cancer 
included lung, 
colon, prostate, 
brain, gynecolog-
ic, kidney, breast, 
hematologic of 
unknown primary, 
pancreatic, and 
other.

129 were on dex
•	 4 mg (n = 81)
•	 6 mg (n = 18)
•	 8 mg (n = 72)
•	 12 mg (n = 15)
•	 16 mg (n = 37)
5 were on pred-
nisone

Screening 
BG greater 
than 11.1 
mmol/L 
(200 mg/
dl) without 
docu-
mented 
symptoms

BG checked at dinner 
time on Monday and 
Thursday

Mean peak BG:
•	 4 mg = 8.6 mmol/L
•	 6 mg = 8.8 mmol/L
•	 8 mg = 9 mmol/L
•	 12 mg = 9.5 mmol/L
•	 16 mg = 10.6 mmol/L
15 patients developed 

SDM. 
For five patients, BG  

was greater than 20 
mmol/L. Regimens 
used included:
•	 30/70, R and Nl
•	Met, Novolin
•	 R, NPH
•	NI

Decrease steroid 
dose.

Mean afternoon 
BG was 8.6–
10.6 mmol/L 
(154–191 mg/dl)

Improvement in 
hyperglycemic 
symptoms was 
noted.

BBI—basal-bolus insulin; BG—blood glucose; dex—dexamethasone; Met—metformin; Nl—novolog; NPH—neutral protamine hagedorn; R—regular; SDM—steroid diabetes mellitus; SSI— 
sliding scale insulin; TZD—thiazolidinedione

(Continued on the next page)
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Table 3. Review of Studies on Effects of Modes of Treatment of Steroid-Induced Hyperglycemia in Hospitalized Patients With Cancer (Continued)

Steroid Type, 
Dose, and  
Duration 

Definition 
of Hyper-
glycemia 

Intervention
Outcomes and 

Effects of  
ManagementStudy Purpose Design Sample

BG Monitoring  
and Results

Management  
Before and After

Patients With Preexisting Diabetes

Gogas et 
al.,
1996

To obtain information 
about neurotoxicity 
and nephrotoxic-
ity in patients with 
diabetes

To determine the 
effects of dex on 
the frequency and 
severity of hyper-
glycemia in patients 
with diabetes

Observational, 
retrospective, 
chart review with 
four treatment 
groups:
•	Cisplatin
•	 Paclitaxel
•	Cisplatin before 

paclitaxel
•	 Paclitaxel/

cisplatin com-
bination

N = 33 women 
with ovarian cancer, 
median age of 61 
years
•	Cisplatin (n = 15)
•	 Paclitaxel (n = 10)
•	Cisplatin before 

paclitaxel (n = 5)
•	 Paclitaxel/cispla-

tin combination 
(n = 3)

18 were given
dex 20 mg orally 
12 and 6 hours 
prior to pacli-
taxel.

Not  
indicated

BG obtained 30 min-
utes prior to paclitaxel 
infusion

BG prior to treatment: 
5.2–19.2 mmol/L 
(96–297 mg/dl)

On treatment:  
6.6–29.5 mmol/L 
(120–538 mg/dl)

12 = diet
•	 3 = oral agents
•	 2 =insulin
•	 7 = diet
17 = oral agents
4 = insulin

Better control
No hospitaliza-

tions required 
for diabetic 
complications

Gosmanov 
et al., 
2013

To compare BG  
response of different 
insulin regimens 

To compare inpatient 
outcomes between 
different insulin 
regimens

Observational, 
retrospective, 
chart review of 
two groups: BBI 
and SSI

N = 40 
BBI (n = 12;  

7 women and 5 
men) with a mean 
age of 57.4  
(SD = 9.1)

SSI (n = 28; 20 
men and 8 wom-
en) with a mean 
age of 55.6  
(SD = 7.3)

Dex 8–12 mg per 
day IV (27) x 3 
days

Dex 40 mg per 
day orally (13) x 
3 days

Based on 
targets: 
Premeal, 

100–140 
mg/dl

Random, 
more 
than 180 
mg/dl

Before meals and at 
bedtime

Admission BG
•	 BBI = 189.2 (± 51.5) 

mg/dl
•	 SSI= 136.3 (± 23.8) 

mg/dl
Average BG day 1–3
•	 BBI = 219 (± 51) 

mg/dl
•	 SSI = 301 (± 57) 

mg/dl

BBI
•	 0 = diet
•	 5 = oral agents
•	 7 = insulin
Levemir,  0.33  

(± 0.13) units/kg 
per day

NI, 0.33 (± 0.12) 
units/kg per day

SSI
•	 8 = diet
•	 12 = oral agents
•	 8 = insulin
Novolin R, 
3 units BG greater 

than 150 + 
2–3/50

BBI average 
reduction in 
BG 52 (± 82) 
mg/dl

SSI average in-
crease in BG 
128 (± 77) 
mg/dl

No hypoglycemia 
in either group

For SSI, two 
patients with 
insulin-depen-
dent diabetes 
mellitus were in 
a hyperosmolar 
hyperglycemic 
state; one 
patient was 
diabetic keto 
acidosis

BBI—basal-bolus insulin; BG—blood glucose; dex—dexamethasone; Met—metformin; Nl—novolog; NPH—neutral protamine hagedorn; R—regular; SDM—steroid diabetes mellitus; SSI— 
sliding scale insulin; TZD—thiazolidinedione

(Continued on the next page)
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Table 3. Review of Studies on Effects of Modes of Treatment of Steroid-Induced Hyperglycemia in Hospitalized Patients With Cancer (Continued)

Steroid Type, 
Dose, and  
Duration 

Definition 
of Hyper-
glycemia 

Intervention
Outcomes and 

Effects of  
ManagementStudy Purpose Design Sample

BG Monitoring  
and Results

Management  
Before and After

Patients With and Patients Without Preexisting Diabetes

Guo et al.,
2011

To assess risk of hy-
perglycemia after 
neurosurgery

To determine optimal 
care after neurosur-
gical procedure

To assess the influ-
ence of hypergly-
cemia and other 
variables on reha-
bilitation and length 
of stay

Observational, 
retrospective, 
chart review

N = 290
Nondiabetes  

(n = 267; 142 
men and 125 
women) with a 
mean age of 48 
years (SD = 16)
•	Glioma (n = 116)
•	 Pituitary (n = 21)
•	Met (n = 84)
•	Other (n = 46)
Diabetes (n = 23; 

15 men and 8 
women) with a 
mean age of 53 
years (SD = 10)
•	Glioma (n = 6)
•	 Pituitary (n = 6)
•	Met (n = 11)

Hydrocortisone
Diabetes: 399 mg 

(± 284) 
Non-diabetes: 

554 mg (± 256)
Note: All dex 

doses were 
converted to 
hydrocortisone 
by multiplying 
by 20.

Random 
BG 200 
mg/dl or 
greater on 
more than 
one occa-
sion

BG routinely checked 
four times per day

Postoperative diabetes: 
•	More than 200 mg/dl 

x 1 = 8
•	More than 200 mg/dl 
≥	2	=	8

Postoperative non-
diabetes 
•	More than 200 mg/dl 

x 1 = 15
•	More than 200 mg/dl 
≥	2	=	2

SSI in hospital
Patients with diabe-

tes received signifi-
cantly less steroid.
•	 Biguanides  

(n = 3)
•	 Sulfonylureas  

(n = 6)
•	 Insulin (n = 13)
•	Combination  

(n = 2)
•	 TZD (n = 3)
•	None (n = 6)
For nondiabetes, 

five discharged on 
SSI; otherwise, no 
treatment

–

Vu et al.,
2012

To determine whether 
intensive insulin reg-
imen will improve 
outcomes compared 
to conventional 
treatment

To examine the ef-
fect of exogenous 
insulin compared to 
met and/or TZDs on 
clinical outcomes

Experimental, 
prospective, ran-
domized with two 
groups: control 
(conventional 
treatment) and 
intervention (in-
tensive insulin)

N = 52 patients 
with acute lympho-
blastic leukemia

Dex 40 mg orally 
every 4 days and 
methylpredniso-
lone 50 mg every 
12 hours for 3 
days

BG greater 
than 180 
mg/dl on 
two or 
more oc-
casions

Control: regular moni-
toring not required 

Intervention: BG 
checked four times 
per day

Median random base-
line BG
•	Control = 118.5
•	 Intervention = 104 

mg/dl

Control:
Met or TZD (n = 5)
Treatment at discre-

tion of attending 
13 of 25 received 

schedule insulin or 
insulin analogs

Met or TZD (n = 8) 
Intervention:
Met or TZD (n = 3)
Glargine and aspart 

and dietary inter-
vention

Met or TZD (n = 5
Certified diabetes 

educator and nu-
tritionist

No difference 
between groups 
in intensive care 
unit admissions, 
infections, or 
length of stay;
mean BG levels 
significantly low-
er in the inter-
vention group;
intervention 
mean serum BG 
was less than  
180 mg/dl.

BBI—basal-bolus insulin; BG—blood glucose; dex—dexamethasone; Met—metformin; Nl—novolog; NPH—neutral protamine hagedorn; R—regular; SDM—steroid diabetes mellitus; SSI— 
sliding scale insulin; TZD—thiazolidinedione
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received steroids, those in the BBI group had lower blood 
glucose readings. Despite receiving insulin, patients in 
both arms of the study were reported to have blood glu-
cose levels consistently greater than 180 mg/dl.  

Findings on Management of Steroid-Induced 
Hyperglycemia for Patients With or Without 
Preexisting Diabetes 

All patients in the intervention arm (n = 26) of Vu 
et al. (2012) were treated with BBI, whereas only 52% 
of those in the conventional treatment group (n = 25) 
received insulin. Twenty percent of patients in the con-
ventional arm and 12% of those in the intervention arm 
had received oral agents (thiazolidinediones or metfor-
min) before initiation of steroids. In Guo, Chandran, 
Palmer, and Bruera (2011), five patients (2%) without 
preexisting diabetes required treatment with insulin 
and, although the details about prior management in 
patients with a previous history of diabetes was not 
documented, they did note that 17 of the 23 patients 
(74%) were discharged with oral agents and/or insulin, 
and those who required insulin were discharged on a 
sliding scale schedule. 

Effects of Management

Three of the 28 patients in the SSI arm of the Gos-
manov et al. (2013) study were transferred to the 
intensive care unit for either DKA or HHS. In Vu et 
al. (2012), eight patients in the control group and nine 
from the intervention group were transferred to the 
intensive care unit, although no significant difference 
was found between the two arms. In addition, no differ-
ence in infections or hospital length of stay was noted 
between the two arms. Four of the studies (Gogas et 
al., 1996; Gosmanov et al., 2013; Pilkey et al., 2012; 
Vu et al., 2012) reported an improvement in glycemic 
control in patients receiving insulin therapy, with the 
most significant decrease in blood glucose levels seen in 
patients receiving BBI. Gogas et al. (1996) reported that 
no patients required hospitalization for diabetes-related 
complications, whereas Gosmanov et al. (2013) was the 
only one to report on the absence of hypoglycemia. 

Discussion

The primary aim of this review was to determine 
how steroid-induced hyperglycemia is managed among 
hospitalized adult patients with cancer. In studies 
completed to date, reports of management strategies 
revealed no consensus. Lowering of steroid doses was 
documented as the method of management in two of the 
studies (Guo et al., 2011; Pilkey et al., 2012). However, 
although some improvement in glycemic control was 
noted, hyperglycemia persisted. One item of interest 
from the palliative care study was the proposed use of 

a guideline or algorithm for glucose monitoring among 
patients who did not have preexisting diabetes. Pilkey 
et al. (2012) developed a detailed guideline for monitor-
ing steroid-induced diabetes and presented the benefits 
of continuing to follow their guidelines. The guideline 
suggested monitoring of capillary glucose on Mondays 
and Thursdays before supper, and if glucose was less 
than 180 mg/dl, monitoring should continue to be done 
twice weekly; if glucose was 180–360 mg/dl, monitoring 
should be done twice a day on Monday and Thursday; 
if glucose was higher than 360 mg/dl and the patient 
desires treatment, either begin or increase insulin doses 
and monitor twice a day for two days. Pilkey et al. (2012) 
suggested that this degree of monitoring is appropriate 
for the detection of steroid-induced diabetes. Likewise, 
Guo et al. (2011) suggested that patients without pre-
existing diabetes may not require glucose monitoring 
four times a day because of the low risk of developing 
long-term hyperglycemia.

Although both of these suggestions may have some 
merit, the idea of a glucose-monitoring algorithm may 
be the most palatable, in that it would allow for the 
detection of hyperglycemia that may otherwise go 
unnoticed if blood glucose monitoring were not per-
formed in this population. In a study of 35 patients with 
no previous history of diabetes and newly diagnosed 
acute lymphoblastic leukemia receiving high-dose 
steroids for two to three months, Gonzalez-Gonzalez 
et al. (2013) reported that, 50% of the time, steroid dia-
betes occurred between the second and fourth week. 
Therefore, continuing blood glucose monitoring may 
be advisable before meals and at bedtime in patients 
who exhibit hyperglycemia and definitely among those 
who require antidiabetic medications.

Another point of interest for all of the studies was 
the definition of hyperglycemia as blood glucose 
greater than 180 mg/dl when, according to Moghissi 
et al. (2009), Smiley and Umpierrez (2010), and Umpi-
errez et al. (2012), inpatient hyperglycemia is defined 
as any blood glucose greater than 140 mg/dl associ-
ated with poor outcomes such as increased length of 
stay and infections. These discrepancies suggest that 

Knowledge Translation 

Steroid-induced hyperglycemia occurs in hospitalized pa-
tients with cancer regardless of history of diabetes. 

Blood glucose monitoring should be performed in patients 
receiving high-dose glucocorticoids. 

Prospective studies are needed to determine how to best 
manage steroid-induced hyperglycemia in hospitalized pa-
tients with cancer.

D
ow

nl
oa

de
d 

on
 0

4-
20

-2
02

4.
 S

in
gl

e-
us

er
 li

ce
ns

e 
on

ly
. C

op
yr

ig
ht

 2
02

4 
by

 th
e 

O
nc

ol
og

y 
N

ur
si

ng
 S

oc
ie

ty
. F

or
 p

er
m

is
si

on
 to

 p
os

t o
nl

in
e,

 r
ep

rin
t, 

ad
ap

t, 
or

 r
eu

se
, p

le
as

e 
em

ai
l p

ub
pe

rm
is

si
on

s@
on

s.
or

g.
 O

N
S

 r
es

er
ve

s 
al

l r
ig

ht
s.



Oncology Nursing Forum • Vol. 41, No. 6, November 2014 E363

hyperglycemia may be undertreated in hospitalized 
patients. Information currently available in the litera-
ture suggests that oral agents do not adequately con-
trol hyperglycemia in hospitalized patients and that 
sliding scale regimens have resulted in hypoglycemia 
(Inzucchi, 2006; Patel et al., 2009). However, studies by 
Vu et al. (2012), Gosmanov et al. (2013), and Guo et al. 
(2011) described the use of SSI with only Gosmanov et 
al. (2013) documenting the absence of hypoglycemia. 
Clore and Thurby-Hay (2009) suggested that the best 
way to manage steroid-induced hyperglycemia is with 
a combination of anticipation of its occurrence and 
the use of insulin to prevent it. An example of this 
management strategy is seen in the intervention arm 
of the Vu et al. (2012) and the BBI arm of Gosmanov 
et al. (2013). These treatment regimens resulted in 
significantly lower blood glucose readings. However, 
in Gosmanov et al. (2013), the BBI regimen was admin-
istered by an endocrinologist, and one of the authors 
of the Vu et al. (2012) study was an endocrinologist. 
This may suggest that their expertise in diabetes man-
agement led to improved glycemic control. Also, four 
of the studies described the use of oral agents before 
and after the administration of steroids. However, the 
effectiveness of the oral agents from these studies was 
difficult to determine because blood glucose readings 
were reported as aggregate numbers. In addition, Vu 
et al. (2012) reported the added benefit of increased 
progression-free survival with the use of metformin 
and thiazolidinediones. 

Studies of hospitalized patients without a history of 
cancer have shown rates of steroid-induced diabetes to 
be 52%–64% (Donihi et al., 2006; Iwamoto et al., 2004) 
among patients without a history of diabetes receiving 
steroids for two or more days to more than two weeks. 
However, in the study by Pilkey et al. (2012), which 
was designed to determine the prevalence of steroid-
induced diabetes in patients receiving palliative care, 
the rate was 11%, despite the fact that 62% of study 
participants had been taking steroids before admission. 

Strengths and Limitations

This article summarizes the evidence available on 
the management of steroid-induced hyperglycemia in 
hospitalized adult patients with cancer. Although the 
primary outcomes of the studies were not stated as the 
management of steroid-induced hyperglycemia, some 
components of management were described in each 
of those included. Doses of medications used to treat 
hyperglycemia were included in only one of the studies 
(Gosmanov et al., 2013). However, for those studies that 
included patients with a prior history of diabetes, no 
discussion occurred regarding the duration of disease, 
current management, glycemic control (i.e., A1C), or 
comorbidities. The timing and frequency of blood glu-

cose monitoring varied widely between studies. The 
lack of consistency in timing of glucose monitoring, 
lack of detail about the doses of antidiabetic medica-
tions administered, and scantiness of details of the 
results of blood glucose monitoring make it difficult 
to assess the effect of management on glycemic control 
in a meaningful fashion. The primary deficit that this 
article exposes is the limitations in the research on the 
management of steroid-induced hyperglycemia in hos-
pitalized adult patients with cancer. It also suggests that 
steroid-induced hyperglycemia occurs in patients with 
or without a history of diabetes. No consensus exists 
about how to manage this phenomenon. 

Implications for Clinical Practice 
and Future Research 

Increased awareness of steroid-induced hypergly-
cemia in hospitalized adult patients with cancer may 
lead to earlier interventions, which may have a positive 
effect on outcomes. The knowledge that hyperglyce-
mia leads to increased hospital length of stay, delayed 
wound healing, increased infections, and higher mor-
tality rates should encourage healthcare providers to 
monitor for its occurrence and to manage it appro-
priately. Nurses at the bedside know which patients 
are receiving steroids, and they are the first to notice 
patients who are experiencing adverse effects such as 
polyuria, polydipsia, polyphagia, or blurred vision. 
They also can review routine laboratory results and as-
sess for hyperglycemia in patients receiving steroids. As 
members of the healthcare team, they are in a position 
to advocate for patients on high-dose steroids to have 
routine blood glucose monitoring performed and, if 
hyperglycemia is observed, encourage the healthcare 
provider to begin appropriate management. 

Studies to answer the questions surrounding steroid-
induced hyperglycemia, such as who is at risk for 
steroid-induced hyperglycemia, how often does it occur 
in patients undergoing cancer treatment with high-
dose steroids, the time to glucose increase, the degree 
of glucose increase, the duration of glucose elevation, 
and whether glucose profiles differ among patients 
with and without a history of diabetes, need to be 
conducted. Also needed are studies of steroid-induced 
hyperglycemia managed with oral agents compared 
with treatment with insulin to determine the role of 
these agents in glucose management and their effect 
on overall outcome. 

Conclusions
This review suggests that as many as 11% of patients 

without a prior history of diabetes experience hyper-
glycemia, requiring insulin therapy while receiving 
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glucocorticoids (Guo et al., 2011; Pilkey et al., 2012). 
The use of oral insulin sensitizers may provide addi-
tional long-term survival benefit and improve glyce-
mic control. Steroids cause hyperglycemia in patients 
with or without preexisting diabetes, but how to man-
age this hyperglycemia and the effects of management 
still need to be determined.
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