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Impact of Hyperglycemia and Age on Outcomes  

in Patients With Acute Myeloid Leukemia
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ARTICLE

A
cute myeloid leukemia (AML), a hematologic cancer, is the most com-

mon type of acute leukemia in adults, particularly among older adults 

(O’Donnell et al., 2012). The incidence of AML increases with age (Ro-

dak, Fritsma, & Keohane, 2011), with the median age being 67 years at 

diagnosis (O’Donnell et al., 2012). The diagnosis and treatment of AML 

are associated with acuity and with symptom and side effect profile (O’Donnell 

et al., 2012). One side effect, hyperglycemia, has been shown to be detrimental in 

critical care and general medical-surgical patients (Richardson & Pollack, 2005), 

but is not well understood in patients with cancer. 

Hyperglycemia, a disorder of glucose metabolism, is clinically defined as blood 

glucose of 126 mg/dl or greater (American Diabetes Association [ADA], 2015). Hy-

perglycemia is common in critical care and hospitalized patients, with about 32% 
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of adult patients incurring it during hospitalization 

(Swanson, Potter, Kongable, & Cook, 2011). However, 

much less is known regarding the prevalence of hy-

perglycemia in patients with cancer. No studies have 

examined the prevalence of hyperglycemia as defined 

by the ADA in patients with AML. Ali et al. (2007) 

examined hyperglycemia in patients with AML, using 

different thresholds for hyperglycemia, and found that 

91% of 283 patients with AML had at least one blood 

glucose level greater than 110 mg/dl, and 52% had at 

least one blood glucose level greater than 150 mg/dl 

during the course of treatment. These findings suggest 

that hyperglycemia may be a common problem in 

patients with AML; however, more research is needed. 

Hyperglycemia has also been shown to have a det-

rimental impact on health outcomes. In critically ill 

and general medical-surgical patients, researchers 

have demonstrated an association between hypergly-

cemia and increased incidence of infection and sepsis 

(Benfield, Jensen, & Nordestgaard, 2007; Mraovic et 

al., 2010), longer hospital length of stay (HLOS) (Carr, 

2001; Krinsley, 2003), and increased morbidity and 

mortality (Kreutziger, Schlaepfer, Wenzel, & Constanti-

nescu, 2009; Krinsley, 2003; Umpierrez et al., 2002; Van 

den Berghe et al., 2001). 

Among patients with cancer, emerging experimental 

and clinical evidence suggests that hyperglycemia may 

affect health outcomes. Researchers have found that 

hyperglycemia may alter response to treatment (Bier-

nacka et al., 2013; Ma et al., 2014; Trédan, Galmarini, 

Patel, & Tannock, 2007; Zeng et al., 2010) and result in 

other poor health outcomes (e.g., infection, mortality, 

longer HLOS) in patients with cancer (Storey & Von 

Ah, 2012). However, the significance of hyperglycemia 

for outcomes in patients with AML is largely unknown 

and has yet to be fully explored. To date, only three 

studies have been conducted to examine the impact 

of hyperglycemia on health outcomes in patients with 

AML (Ali et al., 2007; Matias Cdo, Lima, Teixeira, Souto, 

& Magalhães, 2013; Storey & Von Ah, 2015). 

Only one study has examined the impact of hy-

perglycemia on neutropenic days, and it found that 

patients with hyperglycemia were more likely (odds 

ratio [OR] = 1.6, p < 0.01) to experience neutropenia 

(Storey & Von Ah, 2015). The influence of hyperglyce-

mia on number of neutropenic days is important to 

study. Patients with AML are immunocompromised 

and are susceptible to infections. The presence of hy-

perglycemia has been shown to decrease the activity 

of white blood cells (Collier, Dossett, May, & Diaz, 2008; 

Price & Knight, 2009), which could contribute to longer 

neutropenic periods and greater risk of subsequent 

infections for patients with AML during induction. 

In a sample of 283 patients with AML, Ali et al. (2007) 

found that hyperglycemia increased the odds of de-

veloping infection and sepsis (OR = 1.15, p < 0.005), 

severe sepsis (OR = 1.24, p < 0.001), or severe sepsis 

with respiratory failure (OR = 2.04, p < 0.001), and it 

was linked with increases in hospital mortality (p < 

0.001). Matias Cdo et al. (2013) noted increased odds 

for developing a complicated infection (OR = 3.97, p <  

0.001) and death (OR = 3.55, p < 0.001) in those with 

hyperglycemia, compared to those without hypergly-

cemia. In contrast, Storey and Von Ah (2015) did not 

find a relationship between hyperglycemia and infec-

tion in a pilot study of 42 patients with leukemia, which 

included patients with AML. However, they did find 

that the patients with hyperglycemia had longer HLOS 

(2 days versus 15 days, p = 0) than patients with nor-

moglycemia (Storey & Von Ah, 2015). Together, these 

findings suggest that hyperglycemia has a detrimental 

impact on health outcomes in patients with AML. 

However, these studies failed to examine the impact 

of age, which is a risk factor for hyperglycemia (Ham-

mer, Motzer, Voss, & Berry, 2010) and AML (Rodak et 

al., 2011), on health outcomes (Payandeh, Aeinfar, & 

Aeinfar, 2012). A lifetime of cellular exposure to low-

grade inflammation and high levels of oxidative stress 

creates a milieu that facilitates the development of 

hyperglycemia, diabetes (Onitilo et al., 2012), and 

cancer (Fulop et al., 2010). Alterations in cellular sig-

naling and response accompany aging, decreasing the 

ability of the immune system to conduct surveillance 

and immunoediting activities (Fulop et al., 2010). 

Overall, research is needed to examine the relation-

ship of hyperglycemia to outcomes in patients with 

AML and to compare these outcomes between older 

and younger patients. 

The purpose of this study was to examine the preva-

lence of hyperglycemia and its impact on health out-

comes in patients with AML, including older versus 

younger patients. Specific aims were to: (a) identify 

the prevalence of hyperglycemia in patients hospital-

ized for induction therapy for the treatment of AML; 

(b) examine the impact of hyperglycemia (mean fast-

ing blood glucose [FBG] = 126 mg/dl or greater) on 

number of neutropenic days, infection, and HLOS; and 

(c) examine the impact of hyperglycemia on health 

outcomes (number of neutropenic days, infection, 

and HLOS) in a subset of the sample who were aged 

65 years or older.

Methods

This study used a retrospective, descriptive design. 

Patients were treated at an 800-bed tertiary hospital 

in the Midwest from January 1, 2006, to April 30, 2014, 

and met the following inclusion criteria: (a) diagnosed 

with AML, (b) received the 7 + 3 chemotherapy regi-

men for initial induction (seven days of continuous 

D
ow

nl
oa

de
d 

on
 0

5-
06

-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. 43, NO. 5, SEPTEMBER 2016 597

IV cytarabine [DepoCyt®] infusion, during which an 

anthracycline is administered for three days), (c) 

were aged 18 years or older, and (d) had serum FBG 

test results during hospital admission. Patients with 

AML receiving reinduction or consolidation therapy 

or foregoing treatment for hospice were excluded 

from the study. The initial induction phase is a critical 

time period for patients with AML. The response to 

treatment during initial induction can determine the 

need for subsequent reinductions. 

Data Collection

This study was approved by the Indiana University 

Institutional Review Board. Consecutive electronic 

health records (EHRs) were reviewed. Data were ex-

tracted and transcribed to a data collection tool 

developed by the investigators to track daily labora-

tory values and major study outcomes. All data were 

entered into an encrypted electronic database with 

access limited to study personnel.

Measures 

Demographic and medical information was collect-

ed from the EHR to describe the sample. Demographic 

information included age, gender, and ethnicity. Medi-

cal information included height, weight, body mass 

index, diagnosis of diabetes mellitus (“no” or “yes”), 

and comorbidities. 

Hyperglycemia was defined as a mean number of 

FBG values 126 mg/dl or greater during the induction 

period. Only serum FBG values analyzed in the hospi-

tal laboratory were collected. Frequencies were used 

to determine the percentage of patients with AML in 

the hyperglycemia category. Prevalence was calculat-

ed based on previous studies (Hardy, Nowacki, Bertin, 

& Weil, 2010), with the mean of the total number of 

occurrences of FBG values at 126 mg/dl or greater 

divided by the mean of the total number of FBG tests 

for all patients taken during the induction period.

Health outcomes (neutropenic days, infection, 

HLOS) were evaluated from the day of hospital admis-

sion for induction therapy to the date of reinduction, 

discharge, or hospital death. 

Neutropenic days: The number of neutropenic 

days was defined as the number of days the absolute 

neutrophil count (ANC) was less than 500 cells/mm3 

from date of initiation of induction chemotherapy to 

reinduction chemotherapy, discharge from the hos-

pital, or death. An ANC of less than 500 cells/mm3 is 

clinically considered neutropenia, and precautions 

are set in place to protect the patient from infection. 

Infection: Infection was defined as urinary tract 

infection (UTI); Clostridium difficile (C. diff); and posi-

tive bacterial, viral, or fungal cultures. UTI and C. diff 

were defined based on elevated colony counts per 

laboratory urinalysis and polymerase chain reaction, 

respectively. Septicemia was identified through labo-

ratory results and validated by an infection preven-

tion specialist using the criteria established by the 

Centers for Disease Control and Prevention (2015). 

Sepsis was defined when two or more criteria for sys-

temic inflammatory response syndrome were present 

(Kaukonen, Bailey, Pilcher, Cooper, & Bellomo, 2015; 

Martin, 2012) and validated by an infection prevention 

specialist. The presence of infection was extracted 

as a dichotomous variable (“no” or “yes”) from the 

EHR and based on laboratory results or physician 

documentation.

Hospital length of stay: HLOS was recorded as the 

number of days from the date of admission for induc-

tion therapy to date of reinduction, discharge from 

hospital, or death.

Comorbidities, or co-occurring illnesses, were de-

termined by reviewing admission health and physi-

cal forms and discharge summaries. Comorbidities 

were documented using the Charlson Comorbidity 

Index (CCI) (Charlson, Pompei, Ales, & Mackenzie, 

1987). The researchers used online CCI calculators 

to determine the CCI score for all study participants 

and recorded each score on the data collection tool.

Data Analysis

Data analysis was performed using SPSS®, version 

22.0. The level of statistical significance for all analy-

ses was set at p ≤ 0.05. Two-sided statistical tests were 

performed because significant differences in either 

direction were of interest. Descriptive statistics were 

used to describe the sample.

Continuous variables (age, neutropenic days, actual 

body mass index, and HLOS) were analyzed as arith-

metic mean, with standard deviation (SD) or median 

and interquartile range dependent on the parametric 

nature of the data. Frequencies and percentages were 

used to describe the categorical variables (gender, 

diabetic status, presence of hyperglycemia, infection, 

septicemia, sepsis, and comorbidities). Nonparamet-

ric data (age, neutropenic days, and HLOS) were com-

pared using the Mann–Whitney U test. Fisher’s exact 

testing was used to compare nominal data (gender, 

infection, septicemia, and sepsis) between patients 

aged younger than 65 years and patients aged 65 

years or older who had hyperglycemia.

Results

Data were abstracted from 103 adult patients who 

had received the standard chemotherapy for initial 

induction for AML from January 2006 to April 30, 

2014. Initial induction therapy includes seven days of 

continuous IV cytarabine (also known as Ara-C) and 
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the administration of an anthracycline (either idaru-

bicin [Idamycin®] or daunorubicin [Cerubidine®]) for 

the first three days (O’Donnell et al., 2012; Tefferi & 

Letendre, 2012). A total of 2,429 FBG laboratory values 

were collected within the induction period, which, on 

average, consisted of a duration of 37 days (range = 

2–55 days). 

Sample Characteristics

The majority of patients were Caucasian and male, 

and they had a mean age of 59.3 years (SD = 14.7 

years). Patients were, on average, pre-obese (25–

29.99 kg/m2) according to classification criteria from 

the World Health Organization (2015). The majority 

of patients in the sample did not have a documented 

diagnosis of diabetes mellitus; however, 40 (39%) 

experienced hyperglycemia during the induction 

period. Table 1 summarizes patient demographic 

and medical characteristics for the larger sample 

(N = 103). No differences were noted between the 

larger sample and the subset aged 65 years or older 

(n = 41).

In the subset aged 65 years or older, the mean age 

was 73 years (SD = 6.49 years). These patients were 

also, on average, pre-obese. Patients aged 65 years 

or older had greater CCI scores than those who were 

aged younger than 65 years. The majority of patients 

in the subset did not have a documented diagnosis 

of diabetes; however, 16 experienced hyperglycemia 

during the induction period. 

The mean number of days of hyperglycemia in the 

larger sample was 6.25 (range = 0–48). The mean 

number of FBG tests was 23.6 per hospital induction 

period, and the prevalence rate of hyperglycemia was 

27%. Among patients aged 65 years or older, hypergly-

cemia was more prevalent. The mean number of days 

of hyperglycemia for the older group was 9.4 (range =  

0–46). The mean number of FBG tests was 25.4 per 

hospital induction period, and the prevalence rate of 

hyperglycemia was 37%.

Impact of Hyperglycemia  
on Health Outcomes

The authors examined the health outcomes in pa-

tients experiencing hyperglycemia during induction 

for AML. In addition, they studied these outcomes 

in a subset of patients with hyperglycemia who were 

aged 65 years or older. The health outcomes included 

the number of neutropenic days, infection, and HLOS. 

Neutropenic days: No association was found be-

tween hyperglycemia and number of neutropenic 

days in those aged younger than 65 years or those 

aged 65 years or older. Although not statistically sig-

nificant, of note is that those aged 65 years or older 

whose mean FBG was 126 mg/dl or greater experi-

enced 2.5 more days of neutropenia than those aged 

younger than 65 years with a comparable FBG.

Infection: The primary types of infections were UTI, 

C. diff, and positive viral and fungal cultures. However, 

other miscellaneous documented infectious conditions 

were included, such as abscesses, stomatitis, severe 

mucositis, colitis, gastritis, cellulitis, tonsillitis, typhli-

tis, otitis, parotitis, and pneumonia. Because of the low 

number of cases of septicemia and sepsis, all infections 

were analyzed and reported as a composite finding.

Hyperglycemia was not associated with infection 

in the larger sample of patients with AML. However, 

among the subset of 41 patients aged 65 years or older, 

a significant association was noted among those with 

hyperglycemia and development of infection (p = 0.022, 

OR = 5.6, 95% confidence interval [CI] [1.43, 22.2]). 

Hospital length of stay: No significant association 

was found between hyperglycemia and HLOS for 

patients in the larger sample and the subset aged 65 

years or older. Although not statistically significant, 

those aged 65 years or older whose mean FBG was 

126 mg/dl or greater did have a 1.5 day longer HLOS 

for induction than those aged younger than 65 years 

with a comparable mean FBG. 

Discussion

The purpose of this study was to examine the 

prevalence and impact of hyperglycemia and of 

hyperglycemia plus older age to health outcomes 

(neutropenic days, infection, and HLOS) in patients 

TABLE 1. Sample Characteristics (N = 103)

Characteristic Med IQR Min Max

Age (years)a 59.3 20 18 85
Body mass index 28.0 06 18 51
Charlson Comorbidity Index 05.0 02 02 10

Characteristic n %

Gender

 Male 60 58
 Female 43 42
Ethnicity
 African American 07 07
 Caucasian 95 92
 Hispanic 01 01
Documented diagnosis  

of diabetes mellitus
 Yes 40 39
 No 63 61

a Reported as mean

IQR—interquartile range; Max—maximum; Med—median; 
Min—minimum
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with AML, including those of patients aged younger 

than 65 years versus those aged 65 years or older. 

To the authors’ knowledge, this is the first study to 

comprehensively examine the prevalence of hypergly-

cemia and its impact on health outcomes in patients 

with AML during the induction period, as well as to 

explore these relationships in older adult cancer 

survivors, who make up 60% of patients with cancer 

(National Cancer Institute, 2014). Similar to other 

studies, the incidence of hyperglycemia was quite 

high (39%), with the prevalence rate (total number 

of occurrences during the induction period) being 

27% and 37% for the larger and aged 65 years or older 

groups, respectively. ADA (2015) recommends that 

hyperglycemia be promptly identified and treated. 

The study findings for incidence and prevalence 

should alert clinicians to the need for monitoring and 

treatment of hyperglycemia in hospitalized patients 

with AML. 

In the overall sample, hyperglycemia was not asso-

ciated with neutropenic days, infection, or HLOS. In 

the subset sample of patients aged 65 years or older, 

hyperglycemia was not significantly associated with 

neutropenic days or HLOS, although those aged 65 

years or older with hyperglycemia did have more neu-

tropenic days than those aged younger than 65 years 

with hyperglycemia. These findings are similar to 

those of Karnchanasorn, Malamug, Jin, Karanes, and 

Chiu (2012), who failed to find a significant relation-

ship between hyperglycemia and neutropenic days 

in patients receiving a bone marrow transplantation 

(BMT). Conversely, two studies demonstrated a sig-

nificant association between hyperglycemia and a 

greater number of neutropenic days in, respectively, 

patients undergoing BMT and patients with various 

leukemia diagnoses (Sheean, Freels, Helton, & Braun-

shweig, 2006; Storey & Von Ah, 2015).

Although these findings were not statistically sig-

nificant in the current study, they are clinically mean-

ingful. Patients with AML experience profound bone 

marrow suppression as a result of the disease process 

and treatment. The influence of hyperglycemia on the 

white blood cells can prolong suppression by blunting 

white blood cell activity and delaying recovery (Col-

lier et al., 2008; Price & Knight, 2009). This, in turn, 

increases the vulnerability to infection in an already 

highly susceptible patient population. Additional days 

of neutropenia may result in increased risk for infec-

tion, longer HLOS, and increased healthcare costs. 

More research is needed to explore the impact of 

hyperglycemia on the number of neutropenic days.

Hyperglycemia was not associated with infection in 

the total sample. However, a significant relationship 

was found in patients aged 65 years or older between 

hyperglycemia and the development of infection. Fuji 

et al. (2007) studied 112 patients undergoing BMT 

who were categorized as having normoglycemia or 

mild, moderate, or severe hyperglycemia and found 

no difference in overall infection rates among the 

groups. In addition, Storey and Von Ah (2015), in their 

pilot analysis, did not find a significant relationship 

between hyperglycemia and infection in patients with 

various types of leukemia. 

In contrast, Weiser et al. (2004) noted, in 287 pa-

tients with acute lymphoblastic leukemia (ALL), that 

those with hyperglycemia were 40% (p = 0.016) more 

likely to develop a complicated infection (pneumonia 

or fungal). Matias Cdo et al. (2013) similarly noted 

that hyperglycemia increased the risk of complicated 

infections (sepsis, respiratory, or renal failure; OR = 

3.97; 95% CI [2.08, 7.57]; p < 0.001) but did not increase 

the risk of fungal infections in patients with ALL and 

AML undergoing induction therapy. When assessing 

a glucose control intervention in patients undergo-

ing BMT, Fuji et al. (2009) noted a significantly higher 

incidence of documented infection among those with 

hyperglycemia. Likewise, among 1,175 patients under-

going BMT, hyperglycemia was noted to increase the 

risk of infection (Hammer et al., 2009). To the authors’ 

knowledge, this was the first study to examine the 

relationship of hyperglycemia to infection in an older 

subset of patients with AML, and more studies are 

needed to confirm the findings.

In the current study, HLOS was 1.5 days longer for 

those aged 65 years or older with hyperglycemia. 

Soysal et al. (2012) found a nonsignificant increase 

of one day longer HLOS among patients with hyper-

glycemia. Although this finding was not statistically 

significant, it may be clinically meaningful in caring 

for patients with AML. The impact of hyperglycemia 

on induction HLOS in patients with AML has not been 

well studied. In patients undergoing BMT (including 

patients with leukemia), HLOS among those with 

hyperglycemia (150 mg/dl or greater) were longer  

Knowledge Translation 

• Hyperglycemia is prevalent in patients with acute myeloid 
leukemia hospitalized for induction therapy and can have 
harmful consequences, particularly in patients aged 65 
years or older. 

• Early identification of and care for patients at high risk for 
hyperglycemia can improve health outcomes. 

• Knowledge of disease process, side effects of cancer thera-
py, and changes in diet and activity can facilitate nurses and 
members of the healthcare team in the development and 
implementation of strategies to mitigate the deleterious 
impact of hyperglycemia.
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(
—
X = 17 days, SD = 6 days versus 

—
X = 14 days, SD = 4 

days, p = 0.0001) than for those without hyperglycemia 

(Karnchanasorn et al., 2012). Garg, Bhutani, Alyea, 

and Pendergrass (2007) noted a significant increase in 

HLOS (24 days versus 16 days) in 126 patients undergo-

ing BMT with hyperglycemia. Similarly, Storey and Von 

Ah (2015) noted that patients with leukemia who had 

hyperglycemia had longer HLOS (19.6 days versus 5.4 

days; p = 0.02) than those with normoglycemia. 

The management of glucose not only improves out-

comes for patients but also has ramifications for hos-

pitals. The cascading effect of hyperglycemia, infec-

tion, and longer HLOS for already at-risk patients with 

AML, particularly those aged 65 years or older, can 

have negative financial consequences for hospitals.

Limitations

Findings of this study must be reviewed in light of 

certain study limitations. The study size was small, lim-

iting generalizability. The retrospective study design 

may have limited information as it related to predia-

betes, undiagnosed diabetes, or glucose-intolerant in-

dividuals. Clinical acuity may have been an important 

factor that could have influenced health outcomes, 

but this was difficult to measure when abstracting 

data from charts. In addition, the ability to tolerate 

activity, nutritional support, and pharmacologic treat-

ments, such as corticosteroids, antibiotics, insulin, or 

hypoglycemic agents, was not assessed. These factors 

are likely to influence blood glucose levels and moder-

ate their impact on glycemic status and subsequent 

outcomes. These variables, or yet unknown factors 

that were not extrapolated from the data, may have 

confounded the results. Additional studies should 

include and account or control for these factors.

Strengths of the study included a specific time 

period within the trajectory of treatment for AML. 

Standard treatment regimens and similarities in the 

expected symptom profiles and HLOS among this pa-

tient group during this time period reduced variabil-

ity. The use of only one abstractor of data facilitated 

quality control and consistency in its collection. An 

additional strength of this study was the use of the 

CCI to control for the influence, number, and severity 

of comorbidities on the health outcomes.

Implications for Nursing

This study provides important information regard-

ing the prevalence of hyperglycemia and its relation-

ship to the health outcomes of vulnerable hospi-

talized patients with AML during initial induction 

therapy. Nurses knowledgeable about the prevalence 

and ramifications of hyperglycemia can proactively 

identify, assess, and intercede on behalf of these 

patients. The findings from this study will facilitate 

nurses in the development of a patient-specific plan of 

care that integrates the knowledge of disease process, 

cancer therapy, and changes in diet and activity on 

blood glucose. Oncology nurses play an important 

role in the prompt identification of hyperglycemia and 

can collaborate with members of the multidisciplinary 

healthcare team to implement strategies to prevent or 

mitigate the harmful consequences of hyperglycemia.

Future research should include the analysis of 

actual blood glucose measurements or aggregated 

mean blood glucose, or examining various thresh-

olds for hyperglycemia as it relates to the impact on 

health outcomes rather than categorizing hypergly-

cemia only as a dichotomous variable. Assessment 

of the onset, duration, and number of occurrences 

of hyperglycemia during the induction period could 

facilitate the identification of times when patients are 

most likely to experience hyperglycemia and to which 

interventions can be targeted. 

Conclusion

This study provides preliminary evidence that 

hyperglycemia is prevalent during induction for AML 

and may have harmful consequences for the hospital-

ized patient with AML, particularly in those aged 65 

years and older. The limited number of studies on this 

important topic reveals gaps in knowledge about the 

full effects of hyperglycemia on the health outcomes 

of hospitalized patients with AML. More research is 

needed to elucidate clinically significant levels of hy-

perglycemia and its impact on health outcomes to in-

form interventions to mitigate symptoms and improve 

quality of life for hospitalized patients with AML.
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