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Abstract
Purpose To investigate the impact of hyperglycemia and glycemic variability during intensive acute myeloid leukemia therapy
(AML) on outcomes by age.
Methods Retrospective study of 262 consecutive patients with newly diagnosed AML hospitalized for intensive induction.
Hyperglycemia was assessed by mean blood glucose (BG) (mg/dL) during hospitalization and glycemic variability was deter-
mined by the standard deviation (SD) of mean BG. Outcomes were complete remission ± incomplete count recovery (CR + CRi),
and overall survival (OS). We used logistic regression to evaluate CR + CRi, and Cox proportional hazard models for OS,
stratified by age (< 60 vs ≥ 60 years).
Results Older patients (N = 138, median age 70) had higher baseline comorbidity (CCI > 1 60.1% vs 25.8%) and prevalence of
diabetes (20.3% vs 7.3%) compared to younger (N = 124, median age 47). The mean ± SD number of BG values obtained per
patient during hospitalization was 61 ± 71. The mean (± SD) glucose (mg/dL) during hospitalization was 121.7 (25.9) in older
patients (≥ 60 years) versus 111.6 (16.4) in younger. In older patients, higher mean glucose and greater glycemic variability were
associated with lower odds of remission (OR 0.80, 95% CI 0.69–0.93 and OR 0.73, 95% CI 0.61–0.88 respectively, per 10-unit
increase) and higher mortality rates (HR 1.13, 95% CI 1.05–1.21 and HR 1.17, 95% CI 1.09–1.26, respectively, per 10-unit
increase) in multivariate analyses.
Conclusions Our observations that hyperglycemia and increased glycemic variability were associated with lower remission rates
and increased mortality in older patients suggest glycemic control may be a potentially modifiable factor to improve AML
outcomes.
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Introduction

In 2016, approximately 20,000 people were newly diagnosed
with acute myeloid leukemia (AML) in the USA, with 10,000
people a year dying from the disease [1]. Adults ≤ 60 years now
have a 60–80% complete remission rate [2] and overall survival
rate of 35–40% [3]. However, patients > 60 years (older adults)
continue to have a poorer prognosis, with a complete remission

rate of about 50% [2] and overall survival rates of 5–15% [3].
Patient-specific characteristics (age, comorbidities and perfor-
mance status) and disease-specific factors (cytogenetics, prior
cytotoxic therapy, prior myelodysplastic syndrome) all influ-
ence prognosis [3]. Identification of modifiable prognostic fac-
tors would be an opportunity to intervene and potentially im-
prove upon outcomes for older adults.

Comorbidity burden is negatively associated with out-
comes in older adults with AML [4–9] but few studies have
focused on the contribution of individual comorbidities to
outcomes. Diabetes is associated with a near threefold in-
crease in 30-day mortality rates among older adults compared
to non-diabetic older adults undergoing intense induction ther-
apy for AML [4]. This raises the question of whether hyper-
glycemia itself influences prognosis. When analyzing mean
blood glucose during hospitalizations for AML therapy, Ali
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et al. found the relative risk of hospital mortality increased
with increases in mean blood glucose levels [10]. In other
studies, hyperglycemia during hospitalization for AML induc-
tion therapy associated with complicated infections, death
[11], neutropenia, and greater hospital length of stay [12].
However, none of these studies focused on older adults. In a
small study (N = 41) of older adults, hyperglycemia during
hospitalization for AML induction therapy had an increased
risk of infection [13].

Glycemic variability refers to fluctuations of blood glucose
values around the mean and has been identified as a novel
marker for glycemic control [14–16]. Increased glycemic var-
iability is independently associated with higher in hospital
mortality [17]. Among non-critically ill patients for every
10 mg/dL of glucose level increase in standard deviation, hos-
pital relative risk of death rose by 8% [18].

The purpose of the present study was to evaluate the impact
of the mean blood glucose level and glycemic variability on
(a) complete remission ± incomplete count recovery and (b)
overall survival in older adults (≥ 60 years) compared to youn-
ger patients (< 60 years) receiving induction chemotherapy for
AML. To the best of our knowledge, this is the first study
evaluating the impact of hyperglycemia during AML induc-
tion therapy on those outcomes and the first to examine the
impact of glycemic variability.

Materials and methods

Study cohort

Utilizing electronic medical records, we retrospectively eval-
uated consecutive patients meeting the following inclusion
criteria: newly diagnosed AML at the Wake Forest Baptist
Comprehensive Cancer Center from 2002 to 2009 [4], inten-
sive induction treatment (cytarabine and anthracycline based
regimen), and age > 18 years. Patients receiving less intense
treatment regimens (such as, hypomethylating agents, pallia-
tive treatment, or no treatment) and those with acute
promyelocytic leukemia (APL) were excluded from the study.
Patients without available recorded blood glucose measure-
ments during induction hospitalization were also excluded.
Any patients who received prior chemotherapy for hemato-
logic malignancy or for whom the date of induction was not
recorded were also excluded. Wake Forest School of
Medicine’s Institutional Review Board approved this study.

Predictor variables

All blood glucose values for each patient during induction
hospitalization were obtained via the electronic medical re-
cord (excluding point of care values). From these values, we
calculated each patient’s mean blood glucose value and

standard deviation for the entire hospitalization for AML in-
duction therapy.

Covariates

Demographic covariates included age (stratified at the time of
diagnosis as ≥ 60 vs. < 60 years) [19], sex, race/ethnicity, and
insurance type. Clinical variables were baseline body mass
index (BMI), comorbidities, and baseline laboratory data from
the date of presentation for induction therapy in the hospital,
including: hemoglobin, bilirubin, white blood cell count, cre-
atinine, and lactate dehydrogenase (LDH). Comorbidity data
were collected using ICD-9 codes and chart review via the
electronic medical record on or before the date of induction
chemotherapy as previously described by Tawfik et al. [4].
Comorbidity burden was then captured using the modified
Charlson Comorbidity Index (CCI). Disease-specific vari-
ables included the cytogenetic risk stratification score [20].
Medication data collected included steroids, insulin, and oral
anti-diabetic agents.

Outcomes

Outcomes were treatment response as defined by complete
remission (CR) and overall survival (OS) from date of induc-
tion chemotherapy initiation. CR was defined as absolute neu-
trophil count > 1000/μl, platelets ≥ 100,000/μl, and no resid-
ual or extra medullary disease. Complete remission with in-
complete count recovery (CRi) was defined as < 5% bone
marrow blasts and transfusion independence with persistent
cytopenia with either an absolute neutrophil count < 1000/μl
or platelets < 100,000/μl, but not both [21]. For analysis, the
remission outcome included CR + CRi.

Statistical analysis

Data were stratified by age (< 60, ≥ 60 years), and descriptive
statistics were calculated to examine differences between the
strata. All analyses were done by strata. Categorical variables
were compared using an exact test and a t test or Kruskal-
Wallis test was used to compare continuous measures, de-
pending on the data distributions. For all analyses, comorbid-
ity burden (CCI) was categorized as none vs. 1 or more based
on the distribution of comorbidity scores. Some of the mea-
sures required a log transformation in order to meet the as-
sumption of normality. Glucose mean and glucose standard
deviation were categorized using cut-points determined to be
the best at predicting survival, after examining multiple cut-
points of the data. Specifically, we created temporary cut-offs
for each group and variable using a range of values (20th to
90th percentiles). The results of log-rank tests for the range of
temporary cut-offs were evaluated and the cut-off used was
determined based upon the peak significance level of the test
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as well as the pattern of significance in cases of bimodal dis-
tribution of significance. The resulting cut-off was near the
75th percentile for each measure. Kaplan-Meier estimation
was used to estimate median overall survival and produce
survival plots. Cox proportional hazards models were used
for bivariate analysis and fully adjusted models for overall
survival. We used logistic regression to evaluate CR + CRi
and 30-day mortality, stratified by age (< 60 vs. ≥ 60 years).
Covariates for the multivariable models were variables with a
p value of 0.1 or less in bivariate analysis. We performed two
exploratory analyses in which we adjusted final models for
diabetes and receipt of steroid medication during hospitaliza-
tion to evaluate potential effect modification of these vari-
ables. All analyses were performed using SAS version 9.4
software (SAS Institute Inc., Cary, NC).

Results

Among 368 consecutive cases of individuals with newly diag-
nosed AML, 262 met our inclusion criteria. Of these, 124 were
< 60 years (median age 45 years), 138 were ≥ 60 years (median
age 70 years). Baseline characteristics of the 262 patients are
presented in Table 1. Older patients had a higher baseline co-
morbidity index and a higher prevalence of diabetes. Over 80%
of younger patients received the 7 + 3 + 3 regimen, whereas
most older patients were treated with either 7 + 3 or 7 + 3 + 3.
The mean number of blood glucose values obtained per patient
during hospitalization was 61 ± 71. The mean blood glucose
during hospitalization was 111.6 ± 16.4 mg/dL in younger ver-
sus 121.7 ± 25.9 mg/dL in older patients. The mean standard
deviation of blood glucose values (glycemic variability) was
26.8 ± 18.6 mg/dL in younger versus 33 ± 22.8 mg/dL in older
patients, with a greater value indicating increased variability.
Complete remission (CR +CRi) was achieved in 82% of youn-
ger and in 61% of older patients. The median OS for younger
and older adults were 23.1 months and 7.9 months, respective-
ly. Early mortality (30 day) was 9% and 16% among younger
and older adults, respectively.

Characteristics associated with CR among younger patients
were lower BMI (p < 0.01), cytogenetic risk score (p < 0.01),
baseline glucose (p< 0.01), mean glucose (p< 0.01), and glyce-
mic variability (p< 0.01). After adjusting for cytogenetic risk and
BMI, the odds of achieving remission remained independently
associated with glycemic variability (OR 0.71 for a 10 mg/dL
increase, CI 0.53–0.96, p = 0.03), but not mean blood glucose
(OR 0.74 for a 10 mg/dL increase, CI 0.50–1.09, p = 0.1)
(Table 2). Among older patients’ characteristics associated with
remission were LDH (p = 0.02), baseline glucose (p = 0.05),
mean glucose (p < 0.01), and glycemic variability (p < 0.01). In
multivariate analyses adjusting for LDH, the odds of remission
remained independently associated with both glycemic variabil-
ity and mean blood glucose (OR 0.73, CI 0.61–0.88, p = 0.0007

and OR 0.80, CI 0.69–0.93, p= 0.004 respectively for a 10-mg/
dL increase). For example, among older adults, for each 10 mg/
dL increase in mean blood glucose during induction hospitaliza-
tion, the odds of remission decreased by 27%.

Characteristics associated with OS for younger patients in
univariate analyses were age (p < 0.01), comorbidity index
(p = 0.03), cytogenetic risk score (p < 0.01), baseline glucose
(p = 0.02), mean glucose value (p = 0.03), and glycemic vari-
ability (p = 0.04). In multivariate analyses, adjusting for age,
comorbidity burden, cytogenetic risk, and LDH, mean blood
glucose and glycemic variability were not significantly asso-
ciated with mortality.

Among older patients, characteristics associated with sur-
vival in univariate analyses were age (p = 0.03), cytogenetic
risk score (p = 0.03), LDH (p = 0.04), baseline glucose (p =
0.04), mean glucose value (p < 0.01), and glycemic variability
(p < 0.01). The median survival for older adults with mean
glucose above the cohort median (≥ 133 mg/dL) was
1.6 months (95% CI 0.8–7.7) compared to a median survival
of 9.7 months (95% CI 7.2–12.9) in older adults with a lower
mean glucose level (< 133 mg/dL) (see Fig. 1a). Among older
adults with increased glycemic variability (greater than the
cohortmedian 34mg/dL), themedian survival was 1.6months
(95% CI 1.1–6.5), compared to a median survival of
11 months in older adults with lower glycemic variability
(glucose SD < 34 mg/dL) (see Fig. 1b).

In multivariate analyses, after adjusting for age, comorbidity
burden, cytogenetic risk, and LDH, both mean blood glucose
and glycemic variability were independently associated with
survival in older patients (Table 2). Specifically, for every
10 mg/dL increase in mean glucose value, the hazard of overall
mortality increased by 13%. Similarly, among older patients,
for each 10 mg/dL increase in glycemic variability, the hazard
of overall mortality increased by 17%. A diagnosis of diabetes
was not associated with overall survival in either group.

A sensitivity analysis among only patients who survived
longer than 60 days (N = 94) found that hyperglycemia (mean
glucose ≥ 133 mg/dL) remained significantly associated with
survival for older adults (p = 0.05) with a trend toward asso-
ciation for glycemic variability (p = 0.07). In exploratory anal-
yses, diagnosis of diabetes was not associated with remission
in either age group. While adjusting final models for diabetes
did not significantly change effect sizes of odds ratio, after
adjustment, the relationship between mean glucose and remis-
sion was significant for younger patients in addition to older
adults (OR 0.67 (CI 0.48–0.93) and OR 0.78 (CI 0.65–0.93)).
Odds ratios for glycemic variability remained significant
when final models were adjusted for diabetes (OR 0.73 (CI
0.56–0.96) and OR 0.71 CI (0.57–0.88) for younger and older
respectively. Similarly, diabetes was not associated with sur-
vival in unadjusted or adjusted analyses. When adjusting for
diabetes, mean hospitalization glucose and glycemic variabil-
ity remained significantly associated with mortality for older

Support Care Cancer (2019) 27:2877–2884 2879



adults (HR 1.12 (CI 1.04–1.21) and HR 1.17 (CI 1.08–1.26))
and non-significant in younger adults (HR 1.11 (CI 0.98–
1.27) and HR 1.09 (CI 0.98–1.22)). Additional models were
evaluated adjusting for receipt of steroid medication. There
were no significant changes in outcomes for remission or
mortality (data not shown). Receipt of steroids was not asso-
ciated with remission or mortality.

Discussion

Here, we report that higher mean blood glucose levels during
induction hospitalization and increased glycemic variability were
associated with lower odds of remission and shorter overall sur-
vival in older adults undergoing hospitalization for intensive
AML therapy. Among patients less than 60 years old, increased

glycemic variability was negatively associated with remission.
These results identify glycemic variability as a risk factor that
could be intervened upon during induction hospitalization.

Our results are consistent with other studies suggesting that
hyperglycemia leads to poorer outcomes in AML. For exam-
ple, Ali et al. (2007) found that hyperglycemia (defined as
serum glucose level of > 110 mg/dL) was associated with
increased hospital mortality over a 3-year period [10]. In a
later study of patients with acute leukemia (including acute
lymphoblastic leukemia and AML), hyperglycemia (defined
as at least one fasting blood glucose > 100mg/dL from 1week
prior to induction until 30 days after) was associated with
increased risk of complicated infections and death [11].
Storey et al. found that patients hospitalized with leukemia
(N = 42) experiencing hyperglycemia (defined as fasting
blood glucose of > 126mg/dL) were more likely to experience

Table 1 Patient characteristics
< 60 years (N = 124) ≥ 60 years (N = 138)

Age in years: mean (SD) 44.1 (11.5) 70.5 (6.5)

Female 52% 47%

White 81% 94%

Insurance type

Medicaid 30 (24%) 2 (1%)

Medicare 13 (11%) 106 (77%)

Commercial insurance 77 (62%) 30 (22%)

No insurance 4 (3%) 0 (0%)

Clinical characteristics

Chronic obstructive pulmonary disease 5 (4%) 18 (13%)

Diabetes 9 (7%) 28 (20%)

Acute or chronic renal failure 12 (10%) 23 (17%)

Coronary artery disease/heart failure 6 (5%) 18 (13%)

Charlson comorbidity Index > 1 15.8% 60.1%

Received steroid during hospitalization 51.6% 48.6%

Received insulin during hospitalization 24.2% 31.2%

Body mass index < 30 (kg/m2) 79 (68%) 92 (74%)

Hemoglobin median (25th, 75th) 9.3 (8,10.4) 9.3 (8.3,10.4)

White blood cell median (25th, 75th) 18.3 (5.5, 45.1) 10.1 (2.3, 45.6)

Lactate dehydrogenase median (25th, 75th) 396 (278, 655) 328 (212, 502)

Cytogenetic risk category

Favorable 29 (24.4%) 4 (3.1%)

Intermediate 66 (55.5%) 95 (72.5%)

Unfavorable 24 (20.2%) 32 (24.4%)

Induction treatment

7 + 3 10 (8.1%) 51 (37.0%)

7 + 3 + 3 101 (81.5%) 58 (42.0%)

7 + 3 + other 9 (7.3%) 24 (17.4%)

Glycemic profiles (mg/dL)

Hospitalization mean glucose (mean (SD)) 111.6 (16.4) 121.7 (25.9)

Hospitalization glycemic variability: glucose SD (mean (SD)) 26.8 (18.6) 33.0 (22.8)

SD, standard deviation; 7 + 3 + 3, cytarabine+anthracycline+etoposide
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neutropenia, but risk for infection was not affected [12]. In
addition, hyperglycemia in older patients (≥ 65 years) under-
going AML induction therapy was associated with increased
infection risk [13]. Together, these studies have identified an
association between hyperglycemia (variably defined) in hos-
pitalized patients with leukemia and increased risk for infec-
tion [11, 13], neutropenia [12], and in-hospital mortality [10].

Our study adds to the current literature by evaluating the
relationship between glycemic control, remission, and overall
survival. Further, while other studies included heterogeneous
acute leukemia patients (acute lymphoblastic leukemia and
AML) [11, 12], we focused on patients with AML. In addi-
tion, our study analyzed patients with AML during their in-
duction hospitalization only, prior studies included all hospi-
talizations for any cause over a specified time [10]. To our
knowledge, only one other study has evaluated the association
between glycemic control and outcomes in older AML pa-
tients undergoing intense induction hospitalization [13]. Our
study’s increased sample size and specificity has reaffirmed
and expanded the understanding of glycemic control’s rela-
tionship with older AML patient outcomes and suggests gly-
cemic control may be relevant for younger adults as well.

Hyperglycemia could modulate lower CR and OS in our
study through increased infection risk, as a surrogate for other
vulnerabilities, or an alteration of treatment response. Our
sensitivity analyses suggest that the relationship between hy-
perglycemia and survival is not limited to increased risk of
early mortality. While hyperglycemia has been linked to in-
creased infection risk among patients with leukemia [11, 13],
its link to treatment response is unknown. However, in vitro
studies have suggested that hyperglycemia may alter treatment

response in colon, prostate, and breast cancers [22–24], thus
making it plausible that hyperglycemia’s association with
poorer outcomes in AML induction therapy may be related
to tumor microenvironment and treatment response alter-
ations. In exploratory analyses, observed relationships were
not explained by use of steroids or diagnosis of diabetes at
admission suggesting that hyperglycemia is not a surrogate for
risk factors inherent with steroid exposure or long standing
diabetes. This observation extends prior literature suggesting
that hyperglycemia likely explains relationships observed be-
tween diabetes and survival rather than the other way around.
This is clinically relevant as patients who do not have a diag-
nosis of diabetes may have hyperglycemia thereby extending
the population of patients potentially at risk.

Unlike hyperglycemia, glycemic variability is an emerging
paradigm through which to view glycemic control. In patients
with type 2 diabetes, variability of fasting blood glucose (mea-
sured as a coefficient of variation) was an independent predic-
tor of mortality from all causes and from cardiovascular dis-
ease, whereas the mean fasting plasma glucose or slope of the
fasting plasma glucose were not [25, 26]. Within the critical
care setting, glycemic variability (as measured by standard
deviation) was a significant, independent, and stronger predic-
tor of intensive care unit mortality than mean glucose concen-
tration [27]. This finding was supported by a critical care study
in which increased mortality was associated with increased
glycemic variability [17]. The literature suggests that in-
creased glycemic variability is associated with worse out-
comes (short-term and long-term mortality) across a variety
of settings. Our study extends the association of glycemic
variability and poor outcomes to patients with AML.

Table 2 Association between glycemic control, remission, and mortality

Adjusted odds ratio (OR) for remission (95% CI)

< 60 years (N = 110) ≥ 60 years (N = 136)

Hospitalization mean glucose (per 10 mg/dL increase) 0.74 (0.50–1.09) 0.80 (0.69–0.93)

p = 0.1 p = 0.004

Glycemic variability (per 10 mg/dL increase) 0.71 (0.53–0.96) 0.73 (0.61–0.88)

p = 0.03 p = 0.0007

< 60 years, adjusted for: cytogenetic risk score, BMI

≥ 60 years, adjusted for: LDH

Adjusted HR for Mortality (95% CI)

< 60 years (N = 119) ≥ 60 years (N = 131)

Hospitalization mean glucose (per 10 mg/dL increase) 1.09 (0.96–1.25) 1.13 (1.05–1.21)

p = 0.2 p = 0.001

Glycemic variability (per 10 mg/dL increase) 1.07 (0.97–1.18) 1.17 (1.09–1.26)

p = 0.2 p < 0.0001

< 60 years, adjusted for: age, comorbidities, cytogenetic risk, LDH

≥ 60 years, adjusted for: age, comorbidities, cytogenetic risk, LDH

BMI, body mass index; LDH, lactate dehydrogenase; OR, odds ratio; CI, confidence interval; HR, hazard ratio
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Our findings suggest that glycemic variability may affect
treatment response. Oscillations of glucose levels increase ap-
optosis and oxidative stress via increased superoxide produc-
tion at the mitochondrial level [28–32]. In healthy subjects
without diabetes, acute hyperglycemia downregulates several
genes involved in free radical detoxification [28]. Therefore,
although the pathophysiologic process has yet to be fully un-
derstood, our results have a plausible biologic basis that can be
extended in future studies. Validation of these observations in
multi-center datasets or observational studies is a next step to
support design of intervention studies. In addition,

investigation of these observations in preclinical models can
elucidate mechanisms by which glycemic control influences
outcomes.

This study has limitations such as its retrospective nature
and limitation to patients seen at a single institution. We used
blood glucose data points from standard laboratory testing;
however, continuous blood glucose monitoring would be
more informative and could allow more timely management
of glucose variability and hyperglycemia. The diagnosis of
diabetes is based on claims data and chart review which while
comprehensive may yet underrepresent those with diagnosis

Fig. 1 Overall survival among
older adults with acute myeloid
leukemia stratified by mean
hospitalization glucose (a) and
glycemic variability (b)

2882 Support Care Cancer (2019) 27:2877–2884



of diabetes not requiring medicationmanagement. Our sample
size may have been underpowered to determine the relation-
ship between glycemic control and outcomes in younger pa-
tients since few of them had diabetes.

Our study had a large sample size of adults compared to
prior studies evaluating the AML induction hospitalization
time period. Standard treatment regimens (considered intense)
and the hospitalization setting reduced the heterogeneity of the
study population and could make it easier to replicate our
findings. Finally, evaluation of glycemic variability in the con-
text of AML is a novel contribution to the literature.

Next steps to validate these observations can include eval-
uating the relationship between hyperglycemia and outcomes
using existing datasets from multi-site clinical trials in the
National Clinical Trials Network. While existing datasets
may have less comprehensive assessment of hyperglycemia,
use of available lab data may provide additional confirmation
of relationships observed. Prospective studies may be needed
to validate the negative prognostic value of glycemic variabil-
ity and carefully characterize potential confounders and out-
comes which may shed further light on mechanisms.
Additionally, preclinical work evaluating the impact of hyper-
glycemia on leukemic biology and chemo-sensitivity could
inform mechanisms underlying these observations.

Conclusions

Increased glycemic variability during intense induction in
adults with AML is associated with lower remission rates.
Hyperglycemia and increased glycemic variability were asso-
ciated with shorter overall survival in older patients.
Therefore, attention and treatment of hyperglycemia and var-
iability during induction may be a modifiable factor to im-
prove AML outcomes.
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