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Purpose
Dexamethasone is a mainstay antiemetic regimen for the prevention of chemotherapy-
induced nausea and vomiting. The aim of this pilot study was to assess the incidence of
and factors associated with steroid-induced diabetes in cancer patients receiving
chemotherapy with dexamethasone as an antiemetic.

Materials and Methods
Non-diabetic patients with newly diagnosed gastrointestinal cancer who received at least
three cycles of highly or moderately emetogenic chemotherapy with dexamethasone as an
antiemetic were enrolled. Fasting plasma glucose levels, 2-hour postprandial glucose levels,
and hemoglobin A1C tests for the diagnosis of diabetes were performed before chemother-
apy and at 3 and 6 months after the start of chemotherapy. The homeostasis model 
assessment of insulin resistance (HOMA-IR) was used as an index for measurement of 
insulin resistance, defined as a HOMA-IR  2.5. 

Results
Between January 2012 and November 2013, 101 patients with no history of diabetes 
underwent laboratory tests for assessment of eligibility; 77 of these patients were included
in the analysis. Forty-five patients (58.4%) were insulin resistant and 17 (22.1%) developed
steroid-induced diabetes at 3 or 6 months after the first chemotherapy, which included dex-
amethasone as an antiemetic. Multivariate analysis showed significant association of the
incidence of steroid-induced diabetes with the cumulative dose of dexamethasone
(p=0.049).

Conclusion
We suggest that development of steroid-induced diabetes after antiemetic dexamethasone
therapy occurs in approximately 20% of non-diabetic cancer patients; this is particularly sig-
nificant for patients receiving high doses of dexamethasone.
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Introduction

Corticosteroids are often administered to cancer patients
as a component of a chemotherapy regimen, to prevent
chemotherapy-induced nausea and vomiting (CINV), to pre-
vent allergic reactions caused by anti-cancer treatments, or
as an adjuvant therapy with anti-edema effects [1-3]. Dexam-

ethasone has a high therapeutic index when used for preven-
tion of CINV, and a longer half-life and greater anti-inflam-
matory potency than other glucocorticoids [4]. According to
several antiemetic guidelines, antineoplastic agents are
grouped according to the risk of emesis they pose and should
be matched to specific antiemetic regimens to reduce the 
degree of CINV; dexamethasone is generally used in combi-
nation with serotonin (5-hydroxytryptamine 3 [5-HT3]) or
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neurokinin-1 (NK-1) receptor antagonists for highly or mod-
erately emetogenic chemotherapy, or as monotherapy for
low-emetogenic chemotherapy in both the acute and delayed
phases [5]. Antiemetic dexamethasone is often administered
repeatedly over long periods of time in cancer patients 
receiving chemotherapy, which substantially increases the
risk of adverse systemic effects [6]. The endocrine adverse 
effects of dexamethasone include adrenal suppression, 
hyperlipidemia, growth suppression, gynecomastia, and
amenorrhea, with hyperglycemia as a frequently overlooked
adverse effect of dexamethasone [2,3,7,8]. 

Glucocorticoids induce a state of relative insulin resistance.
The effects of glucocorticoids on glucose metabolism include
downregulation of glucose transporter 4 in muscle, which 
increases the amount of insulin needed for the uptake of glu-
cose into cells, increased glucose production in the liver, 
inhibition of insulin binding to the insulin receptor on cells,
and a decrease in insulin secretion from islet cells [9]. There-
fore, glucocorticoid administration may exacerbate pre-dia-
betes or undiagnosed diabetes and can transform mild
diabetes into a clinically severe illness, possibly leading to a
hyperglycemic non-ketotic hyperosmolar coma. However,
some of the symptoms of hyperglycemia, such as thirst, dry
mouth, weakness, weight loss, and often polyuria and leth-
argy, are also common in patients with advanced malignan-
cies for unrelated reasons such as the tumor itself, certain
medicines, metabolic imbalance, and psychological prob-
lems. Therefore, the diagnosis of diabetes in cancer patients
receiving chemotherapy is frequently delayed unless there
is a high degree of clinical suspicion. However, the incidence
of steroid-induced diabetes associated with the repeated use
of the antiemetic dexamethasone for the prevention of CINV
has not been reported to date. 

Therefore, we designed this pilot study to assess the inci-
dence of and factors associated with steroid-induced diabetes
related to antiemetic dexamethasone therapy in cancer pati-
ents receiving chemotherapy for a prospective, multicenter
clinical trial.

Materials and Methods

1. Patient selection 

All consecutive eligible patients treated at the Department
of Gastrointestinal Medical Oncology at Chungbuk National
University Hospital were considered for this study. Chem-
otherapy-naïve patients with histologically confirmed cancer
treated with highly or moderately emetogenic chemotherapy
with antiemetic dexamethasone for at least 3 days per cycle

were enrolled. Patients were required to have a life expec-
tancy of  3 months and adequate hematologic, hepatic, and
renal function. Patients with a history of diabetes or diabetic
levels in laboratory tests before chemotherapy, a history of
pancreatic cancer, had received corticosteroids except
antiemetic dexamethasone within 6 months of study com-
mencement, or had a serious concurrent infection or nonma-
lignant illness were excluded from the analysis. 

All patients provided written informed consent to partici-
pate in the study. This study was reviewed and approved by
the Institutional Review Board of Chungbuk National Uni-
versity Hospital.

2. Antiemetic treatments

According to the National Comprehensive Cancer Net-
work guidelines, all patients treated with highly emetogenic
chemotherapy received 125 mg of an oral aprepitant plus a
5-HT3 receptor antagonist and 10-12 mg of dexamethasone
on day 1, 80 mg of an oral aprepitant and 7-8 mg of daily oral
dexamethasone on days 2 and 3, and 7-8 mg of dexametha-
sone on day 4. Patients treated with moderately emetogenic
chemotherapy received a 5-HT3 receptor antagonist and 
10-12 mg of dexamethasone on day 1, followed by 7-8 mg of
daily dexamethasone on days 2-3 [5]. These antiemetics were
administered every 2-4 weeks according to the chemother-
apy schedule.

3. Laboratory tests for the diagnosis of diabetes and insulin
resistance

Laboratory tests for diagnosis of diabetes and insulin 
resistance were performed before chemotherapy and at 3 and
6 months after the start of chemotherapy. All patients fasted
for more than 8 hours before blood collection for measure-
ment of fasting plasma glucose (FPG), hemoglobin A1C

(HbA1C), insulin, and serum C-peptide levels. Blood samples
were drawn again to determine 2-hour postprandial 
glucose (PP2) levels exactly 2 hours after eating a meal. To
minimize the direct effect of chemotherapeutic agents and
transient hyperglycemia induced by dexamethasone, all
blood tests were performed before the chemotherapy session.
A diagnosis of diabetes was based on the following: FPG 
 7 mmol/L (126 mg/dL), PP2  11.1 mmol/L (200 mg/dL),
or HbA1C  6.5% [10]. Patients showing diabetic levels in lab-
oratory tests performed before the start of chemotherapy
were excluded. The homeostasis model assessment for 
insulin resistance (HOMA-IR) was calculated using the fol-
lowing formula: FPG (mmol/L)fasting insulin (µIU/L)/
22.5 [11]. Insulin resistance was defined as a HOMA-IR  2.5
[12,13]. 
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4. Statistical analysis

Mean values were compared using the t test (two cate-
gories) and one-way analysis of variance (more than two cat-
egories). Proportions were compared using two-way tables
and 2 tests. Univariate and multivariate regression analyses
were performed to examine the association between the 
incidence of diabetes and clinical variables. Potential expla-
natory variables were age (< 60 years or  60 years), sex (male
or female), Eastern Cooperative Oncology Group (ECOG)
performance status (0, 1, or 2), body mass index (< 20 kg/m2,
20-25 kg/m2, or  25 kg/m2), primary tumor site (esopha-
gus/hepatobiliary, stomach, or colorectal), stage (III or IV),
intent of first chemotherapy (adjuvant or palliative), emetic
risk of first chemotherapy (high or moderate), use of mege-
strol acetate (yes or no), HOMA-IR (< 2.50 or  2.50), and 
cumulative dose of dexamethasone (< 156 mg or  156 mg).
For logistic regression analysis, high dexamethasone usage
was defined as a cumulative dose of dexamethasone  156
mg, which was equivalent to six cycles of moderately eme-
togenic chemotherapy that included dexamethasone as an
antiemetic. p < 0.05 was considered statistically significant.
Statistical analyses were performed using SPSS ver. 17.0
(SPSS Inc., Chicago, IL).

Results

1. Patient characteristics

Between January 2012 and November 2013, 101 patients
with no history of diabetes underwent laboratory assessment
to determine their eligibility for inclusion in the study; of
these, 24 were excluded for the following reasons: less than
three cycles of highly or moderately emetogenic chemother-
apy (eight patients), a diabetic level in baseline FPG, PP2, and
HbA1C tests (eight patients), lost to follow-up (six patients),
or died before laboratory assessment at 3 months after the
first chemotherapy (two patients). Consequently, 77 patients
who met the above criteria were included in the analysis 
(Fig. 1). 

The baseline characteristics of these 77 patients are listed
in Table 1. The median age was 59 years (range, 36 to 81
years). Fifty-five patients (71.4%) were male, and 69 (89.6%)
had good performance status (ECOG 0-1). Seventy-seven 
patients (93.5%) had gastric or colorectal cancer. Fifty pati-
ents (64.9%) received palliative chemotherapy and 44 (57.1%)
received highly emetogenic chemotherapy. Thirteen patients
(16.9%) received megestrol acetate to relieve symptoms of
anorexia during the study period. 

2. Results of the laboratory assessments

The incidence of insulin resistance and diabetes is shown
in Table 2. Insulin resistance was detected in 22 non-diabetic
patients (28.6%) before the first chemotherapy and in 45 of
the 77 patients (58.4%) at 3 or 6 months after the first chem-
otherapy. Steroid-induced diabetes was detected at 3 or 

Assessed for eligibility (n=101)

Eligible with laboratory assessment at 3 months
  included for analysis (n=77)

Completed laboratory assessment at 6 months
  (n=48)

Excluded (n=24)
    Did not receive at least three cycles of highly or moderately emetogenic chemotherapy (n=8)
    Diabetic level in the baseline laboratory tests (n=8)
    Follow-up loss (n=6)
    Died before the laboratory assessment for the diagnosis of diabetes at 3 months (n=2)    

Fig. 1. Flow diagram showing patient selection.
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6 months after the first chemotherapy, which included dex-
amethasone as an antiemetic in 17 patients (22.1%). In the
laboratory tests for the diagnosis of diabetes, diabetic levels
were detected in 11 of the 77 patients (14.3%) tested at 3
months after the start of the first chemotherapy and in eight
of the 48 patients (16.7%) tested at 6 months.

A comparison of the laboratory results for diabetic and
non-diabetic patients at 3 or 6 months after the start of
chemotherapy is shown in Table 3. No significant differences
in terms of baseline FPG, PP2, HbA1C, and C-peptide levels
were observed between the groups. However, a significant
difference in the baseline HOMA-IR was observed between
non-diabetic and diabetic patients (2.16±1.42 vs. 3.44±5.52,

respectively; p=0.023). Significant differences with respect 
to PP2 (6.41±1.63 mmol/L vs. 9.19±2.68 mmol/L, respec-
tively; p=0.003) and HOMA-IR (3.07 ± 2.06 mmol/L vs. 5.03 ±
5.13 mmol/L, respectively; p=0.001) were also observed 
between non-diabetic and diabetic patients at 3 months. 
At 6 months after the start of the first chemotherapy, there
were significant differences between all laboratory test 
results for the two groups: FPG (5.28±0.60 mmol/L vs. 5.93±
1.11 mmol/L, p=0.004), PP2 (6.22±1.46 mmol/L vs. 9.09±3.43
mmol/L, p < 0.001), HbA1C (5.39±0.46% vs. 6.30±1.05%,
p=0.016), C-peptide (2.32±0.03 ng/mL vs. 4.91±3.88 ng/mL,
p=0.003), and HOMA-IR (2.37±1.81 mmol/L vs. 6.04±6.37
mmol/L, p=0.001).

3. Univariate and multivariate analysis of diabetes

The incidence of diabetes according to clinical variables is
shown in Table 4. In the univariate analysis, the incidence of
diabetes was significantly affected by age, sex, and the 
cumulative dose of dexamethasone. The incidence of dia-
betes was 12.8% in patients < 60 years of age and 31.6% in
those  60 years of age (p=0.032), and 29.1% in men and 4.5%
in women (p=0.013). The cumulative dose of dexamethasone
was a significant factor affecting the incidence of diabetes;
patients who developed diabetes had received a larger 
cumulative dose of dexamethasone than those who had not
(mean±standard deviation, 136.9±26.2 vs. 113.0±37.0 mg;
p=0.015) (Fig. 2), and the incidence of steroid-induced dia-
betes in patients receiving cumulative doses of dexametha-
sone < 156 mg and  156 mg was 9.1% and 31.8%, respecti-
vely (p=0.025). 

In multivariate analysis the cumulative dose of dexam-
ethasone was the only significant factor for the incidence of
steroid-induced diabetes associated with antiemetic dexam-
ethasone therapy (p=0.049) (Table 4).

Discussion

Many chemotherapeutic regimens include corticosteroids
which may induce diabetes or exacerbate pre-existing dia-
betes [1-3,14,15]. Yoo et al. [14], who examined 632 patients
who received docetaxel chemotherapy and underwent
screening for hyperglycemia, reported that the incidence of
hyperglycemia was 13.8% and the risk factors for hyper-
glycemia were being overweight or obese, and a history of
diabetes mellitus. Brunello et al. [15] reviewed 349 non-
Hodgkin lymphoma and prostate cancer patients treated
with a chemotherapy regimen inclusive of a steroid. Abnor-
mal glucose levels at baseline were detected in 44% and 68%

Table 1. Patient characteristics
Variable No. (%) (n=77)
Age (yr)

Median 59.0 (36-81)
< 60 39 (50.6)
 60 38 (49.4)

Sex
Male 55 (71.4)
Female 22 (28.6)

ECOG PS
0 28 (36.4)
1 41 (53.2)
2 8 (10.4)

BMI (kg/m2)
< 20 25 (32.5)
20-25 44 (57.1)
 25 8 (10.4)

Primary site of tumor
Esophagus 3 (3.9)
Stomach 50 (64.9)
Colorectal 22 (28.6)
Hepatobiliary 2 (2.6)

Stage
III 20 (26.0)
IV 57 (74.0)

Intent of first chemotherapy
Adjuvant 27 (35.1)
Palliative 50 (64.9)

Emetic risk of first chemotherapy
High 44 (57.1)
Moderate 33 (42.9)

Use of megestrol acetate 
No 64 (83.1)
Yes 13 (16.9)

ECOG PS, Eastern Cooperative Oncology Group perform-
ance status; BMI, body mass index.
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of patients with non-Hodgkin lymphoma and prostate can-
cer, and dysglycemia was detected in 70% of patients with
non-Hodgkin lymphoma and 92% of patients with prostate
cancer over the course of treatment. However, despite the
fact that dexamethasone is the most frequently used anti-
emetic for the prevention of CINV in cancer patients receiv-
ing chemotherapy, hyperglycemia after antiemetic dexam-
ethasone therapy itself has not been reported to date. The
aim of this pilot study was to assess the incidence of steroid-
induced diabetes after antiemetic dexamethasone therapy in
cancer patients for a prospective, multicenter clinical trial.
We suggest that the incidence of steroid-induced diabetes in
non-diabetic cancer patients receiving chemotherapy with
antiemetic dexamethasone therapy was approximately 20%;
this result was significantly affected by the cumulative dose
of dexamethasone.

Corticosteroids induce a state of relative insulin resistance
and primarily cause postprandial hyperglycemia [2,9]. 
Insulin resistance is a condition characterized by reduced tis-
sue responses to the action of insulin, which results in hyper-
glycemia and hyperinsulinemia. HOMA-IR, which is based
on FPG and insulin levels, has been widely validated and
used as a measure of insulin resistance in large epidemio-
logic studies and in clinical practice [11]. Here, insulin resist-
ance (as determined by HOMA-IR) was detected in 45 of 77
patients (58.4%) at 3 or 6 months after the first chemotherapy
with antiemetic dexamethasone. In addition, a significant dif-
ference in the HOMA-IR was observed between the non-
diabetic and diabetic patients after 3 or 6 months of repetitive
use of antiemetic dexamethasone. There was also a signifi-
cant difference in the baseline HOMA-IR before the first
chemotherapy. Therefore, although HOMA-IR did not show
significant association with steroid-induced diabetes in mul-
tivariate analysis, the probability of developing diabetes after
antiemetic dexamethasone therapy is higher in patients who
are already insulin resistant prior to the first chemotherapy
with antiemetic dexamethasone. C-peptide is co-secreted 
on an equimolar basis from beta cells, it is not extracted or
metabolized by the liver, and therefore is a more accurate 
indicator of pancreatic insulin secretion than insulin itself

[16]. No significant difference in C-peptide levels was 
observed between non-diabetic and diabetic patients at base-
line or at 3 months; however, C-peptide levels at 6 months
after the start of chemotherapy were significantly higher in
diabetic patients than in non-diabetic patients. Therefore, it
could be suggested that the longer a patient receives antie-
metic dexamethasone, the more insulin is secreted by the
pancreas. 

A typical patient with hyperglycemia after corticosteroid
therapy will have elevated glucose values 1-2 hours after a
meal, which drop to normal overnight. Postprandial hyper-
glycemia after corticosteroid therapy is particularly evident
after morning doses of corticosteroid, and could in part be
related to the effects of steroid wearing off overnight; how-
ever, an overnight improvement in glucose levels is also seen
with longer-acting dexamethasone [2]. The current study
only found a difference in PP2 levels between non-diabetic
and diabetic patients at 3 months, but significant differences
in FPG, PP2, and HbA1C levels were observed at 6 months
after the start of chemotherapy with antiemetic dexametha-
sone. In addition, in the current study blood tests were per-
formed before the administration of chemotherapy including
antiemetic dexamethasone in order to minimize the transient
hyperglycemia induced by dexamethasone. Therefore, in our
study the incidence of steroid-induced diabetes after
antiemetic dexamethasone therapy was not transient hyper-
glycemia but true diabetes, and the incidence of hyper-
glycemia itself would have been higher if transient hyper-
glycemia within a few days after dexamethasone adminis-
tration had been included. 

The clinician may not detect steroid-induced hyper-
glycemia in cancer patients, because hyperglycemia itself is
asymptomatic unless pronounced, leading to thirst, dry
mouth, and often polyuria and lethargy. Even if hyper-
glycemia is symptomatic, some of the symptoms are also
common in patients with advanced malignancies; therefore,
the diagnosis of diabetes is frequently delayed unless there
is a high degree of clinical suspicion. However, hyper-
glycemia may lead to acute complications or adverse events,
such as dehydration, ketoacidosis, and acute hyperglycemic

Table 2. Incidence of insulin resistance and diabetes, as determined by the laboratory tests

Variable Insulin resistance (as determined by HOMA-IR) Diabetes (as determined by FPG, PP2, and HbA1C)  
Baseline (n=77) 22 (28.6) 0 (16.7)
At 3 or 6 months (n=77) 45 (58.4) 17 (22.1)

3 Months (n=77) 39 (50.6) 11 (14.3)
6 Months (n=48) 22 (45.8) 8 (16.7)

Values are presented as number (%). HOMA-IR, homeostasis model assessment of insulin resistance; FPG, fasting plasma
glucose; PP2, 2-hour postprandial glucose; HbA1c., hemoglobin A1c.
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syndrome [17], and it has a negative impact on survival in
cancer patients. Recent large cohort studies suggest an asso-
ciation of pre-existing diabetes at the time of cancer diagnosis
with increased all-cause mortality and cancer recurrence,
particularly in patients with colon and breast cancers [18-21].
Hyperglycemia had a significant effect on survival in 
patients with lung cancer [22,23] and acute leukemia [17].
There are several explanations for the association between
diabetes and increased all-cause mortality in cancer patients.
First, cancer patients with diabetes may show increased
tumor cell proliferation and metastases associated with the
hyperinsulinemic environment. High insulin levels or an 
increase in free insulin-like growth factor levels may promote
cancer cell proliferation and tumor growth [24]. Second, the
association between hyperglycemia and poor survival may
be mediated by adverse effects of hyperglycemia unrelated
to tumor growth, such as increased rates of infection, which
may delay and decrease the efficacy of treatment and thus
directly affect survival [25]. Therefore, cancer patients with
no history of diabetes who are treated with corticosteroids
should be monitored intermittently for hyperglycemia.

In the current study, high doses of antiemetic dexametha-
sone were significantly associated with the development of
steroid-induced diabetes. Patients who developed diabetes
during the 6 months of treatment received a larger cumula-
tive dose of dexamethasone than those who had not. Dia-
betes occurred in approximately 32% of the patients who
received more than 156 mg dexamethasone, which was 
delivered in six cycles of moderately emetogenic chemother-
apy. Systemic chemotherapy in cancer has improved remark-
ably over recent years, resulting in increased survival rates
and a larger number of cancer patients receiving longer

Cancer Res Treat. 2016;48(4):1429-1437
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courses of chemotherapy. To prevent or reduce CINV, dex-
amethasone is administered repeatedly over long periods of
time to cancer patients receiving chemotherapy, which sub-
stantially increases the risk of steroid-induced diabetes. Fur-
ther prospective studies are needed to determine the optimal
dose and duration of antiemetic dexamethasone therapy to

achieve a reduction in the incidence of dexamethasone-
related adverse effects such as steroid diabetes while control-
ling CINV in patients treated with long-term chemotherapy,
particularly those receiving chemotherapy for palliative 
intent. 

The current study has several limitations. First, it was 

Table 4. Univariate and multivariate analyses of clinical characteristics associated with diabetes
Univariate analysis

Multivariate analysis
Variable

No. of patients (%) p-value p-value
Without diabetes With diabetes OR (95% CI)

(n=60) (n=17)
Age (yr)

< 60 (n=39) 34 (87.2) 5 (12.8) 0.032 0.613
 60 (n=38) 26 (68.4) 12 (31.6) 1.53 (0.29-8.05)

Sex
Male (n=55) 39 (70.9) 16 (29.1) 0.013 7.25 (0.79-66.74) 0.080
Female (n=22) 21 (95.5) 1 (4.5)

ECOG PS
0 (n=28) 24 (85.7) 4 (14.3) 0.059 0.715
1 (n=41) 31 (75.6) 10 (24.4) 1.97 (0.36-10.92)
2 (n=8) 3 (37.5) 2.59 (0.17-40.21)

BMI (kg/m2)
< 20 (n=25) 21 (84.0) 4 (16.0) 0.130 0.580
20-25 (n=44) 33 (75.0) 11 (25.0) 2.42 (0.45-12.90)
 25 (n=8) 6 (75.0) 2 (25.0) 2.19 (0.17-27.71)

Primary site of tumor
Esophagus/Hepatobiliary (n=5) 5 (100) 0 (22.0) 0.131 0.769
Stomach (n=50) 39 (78.0) 11 (22.0)
Colorectal (n=22) 16 (72.4) 6 (27.6) 1.90 (0.34-10.69)

Stage
III (n=20) 15 (75.0) 5 (25.0) 0.224 1.40 (0.15-13.22) 0.770
IV (n=57) 45 (78.9) 12 (21.1)

Intent of first chemotherapy
Adjuvant (n=27) 21 (70.4) 8 (29.6) 0.113 5.01 (0.49-51.51) 0.175
Palliative (n=50) 41 (82.0) 9 (18.0)

Emetic risk of first chemotherapy
High (n=44) 36 (81.8) 8 (18.2) 0.139 0.695
Moderate (n=33) 24 (72.7) 9 (27.3) 1.34 (0.31-5.83)

Use of megestrol acetate 
No (n=64) 48 (75.0) 16 (25.0) 0.276 -
Yes (n=13) 12 (92.3) 1 (7.7)

HOMA-IR
< 2.50 (n=55) 43 (78.2) 12 (21.8) 0.931 -
 2.50 (n=22) 17 (77.3) 5 (22.7)

Cumulative dose of dexamethasone
< 156 mg (n=33) 30 (90.9) 3 (9.1) 0.025 0.049
 156 mg (n=44) 30 (68.2) 14 (31.8) 4.77 (1.00-22.71)

OR, odds ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; BMI, body
mass index; HOMA-IR, homeostasis model assessment of insulin resistance.
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