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I
n 2010, a joint statement between the 

American Diabetes Association (ADA) and 

American Cancer Society detailed the epi-

demiologic evidence for the increased risk 

for certain cancers among individuals with 

type 2 diabetes (T2D) (Giovannucci et al., 2010). Spe-

cifically, preexisting T2D was found to be associated 

with increased risk for cancers of the liver, pancreas, 

and endometrium, as well as, to a lesser degree, can-

cers of the colon, rectum, breast, bladder, and lung 

(Giovannucci et al., 2010). In alignment, the Centers 

for Disease Control and Prevention Behavioral Risk 

Factor Surveillance System estimated that the overall 

prevalence of preexisting T2D is 16.7% among cancer 

survivors (Underwood et al., 2012). In comparison, 

the prevalence of T2D in the general U.S. population 

is 9.4% (ADA, 2018b). This evidence highlights the in-

creased risk for developing cancer among those with 

preexisting T2D and demonstrates the high preva-

lence of T2D among survivors of cancer. 

The hallmark characteristic of T2D is hyperglyce-

mia, which is defined as a random blood glucose (BG) 

of 126 mg/dl or greater or a fasting BG of greater than 

100 mg/dl (ADA, 2018a). Hyperglycemia can also occur 

at a pre-T2D level, which is a higher-than-normal BG 

level but has not reached the threshold for a diagno-

sis of T2D (ADA, 2018a; Anil, Akkurt, Ayturk, Kut, & 

Gursoy, 2013). Among individuals undergoing treat-

ment for cancer, hyperglycemic episodes can occur 

with or without having T2D or pre-T2D and can 

increase the risk for adverse events. For example, one 

study examined differences between hyperglycemic 

episodes in individuals with or without T2D under-

going treatment for cancer and found that decreased 

overall survival was associated with episodes of 

hyperglycemia rather than the diabetes diagnosis 

(Villarreal-Garza et al., 2012). This finding suggests 

that poor glycemic control may be a greater risk for 

adverse events and outcomes than having a diagnosis 

of T2D with good glycemic control. 

PROBLEM IDENTIFICATION: Hyperglycemia can 

increase the risk for adverse events and outcomes 

in patients undergoing treatment for cancer. The 

purposes of this state-of-the-science review were to 

explore the complexity of hyperglycemia in patients 

with cancer and to analyze physiologic mechanisms 

and outcomes in individuals with or at risk for cancer. 

LITERATURE SEARCH: PubMed® and the Cochrane 

Library databases were searched, and 95 articles 

were included. Findings were evaluated for their 

methods and analyses. Studies assessed as 

methodologically flawed were not included. 

DATA EVALUATION: The synthesis of the articles 

provided the evidence for describing normal and 

glycemic pathways. Hyperglycemia in patients with 

cancer was explored through chronic inflammatory 

mechanisms that lead to increased risks for adverse 

events and outcomes.

SYNTHESIS: This article discusses normal 

glucose regulation and hyperglycemic pathways, 

hyperglycemia in patients with cancer, hyperglycemia 

and cancer-related inflammation, and outcomes 

(e.g., infections, mortality, symptoms). 

IMPLICATIONS FOR RESEARCH: Understanding the 

contributors to and consequences of hyperglycemia 

can guide the development of screening tools to 

predict which individuals are at the greatest risk 

for hyperglycemic episodes prior to starting cancer 

therapies. Research can lead to glycemic guidelines 

specific to patients with cancer for better outcomes.
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inflammation; infections; mortality; organ dysfunction
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Several adverse events and outcomes associated 

with hyperglycemia during cancer therapies have been 

noted, including increased risks of infections (Derr, 

Hsiao, & Saudek, 2008; Fuji et al., 2007; Hammer et 

al., 2016; Storey & Von Ah, 2016), toxicity (Brunello, 

Kapoor, & Extermann, 2011), longer hospital length 

of stay (Storey & Von Ah, 2015), chemoresistance 

(Biernacka et al., 2013; Zeng et al., 2010), cancer recur-

rence (Giacco & Brownlee, 2010; Wright et al., 2013), 

cancer progression and metastasis (Duan et al., 2014; 

Li et al., 2012), and decreased overall and disease-free 

survival (Barua et al., 2018; Hammer et al., 2009; 

Villarreal-Garza et al., 2012; Zhou et al., 2010). 

Taken together, hyperglycemia at a level that 

defines the diagnosis of T2D increases the risk for a 

cancer diagnosis, and hyperglycemic episodes with 

or without a diagnosis of T2D (or pre-T2D) increases 

the risk for adverse events and outcomes in individu-

als undergoing treatment for cancer. Understanding 

the complex physiologic mechanisms associated with 

hyperglycemia in the cancer environment is imper-

ative to facilitate early identification of high-risk 

individuals. Preemptive interventions can be imple-

mented throughout the cancer trajectory to mitigate 

the deleterious impact of hyperglycemia for improved 

outcomes and overall quality of life in individuals 

undergoing treatment for cancer. The purposes of this 

review were to explore the complexity of hyperglyce-

mia in patients with cancer and to analyze physiologic 

mechanisms and outcomes in individuals with or at 

risk for cancer. This foundation can inform future 

research and practice for improved patient care and 

outcomes. 

Literature Search

This state-of-the-science review followed the PRISMA 

(Preferred Reporting Items of Systematic Reviews 

and Meta-Analysis) statement guidelines to identify, 

select, and critically appraise the relevant literature 

(Liberati et al., 2009). PubMed® and the Cochrane 

Library databases were searched using combinations 

of search terms, including hyperglycemia, cancer, type 

2 diabetes, metabolic syndrome, body mass index, chemo-

therapy, glucocorticoids, symptoms, organ dysfunction, 

death, and mortality. An initial 12,043 peer-reviewed 

journal articles were identified. After removing dupli-

cates (n = 2,293), articles that did not include specific 

mechanisms (n = 8,557), or studies that were method-

ologically flawed (n = 1,098), a final 95 articles were 

included in this review.

Information from the included articles was syn-

thesized to describe the evidence for normal and 

hyperglycemic pathways. Hyperglycemia in patients 

with cancer was explored through chronic inflam-

matory mechanisms that lead to increased risks for 

adverse events and outcomes.

Synthesis

The purposes of this review were to explore the com-

plexity of hyperglycemia in individuals with cancer 

and analyze physiologic mechanisms and outcomes in 

individuals with or at risk for cancer. The following 

scientific review of the literature addresses these goals 

through a systematic approach. First, normal glucose 

regulation and hyperglycemic pathways are described. 

Hyperglycemia in patients with cancer is then intro-

duced, first with a brief overview of the contributors 

to hyperglycemia. Hyperglycemia and cancer-related 

inflammation are then explored. Finally, outcomes 

including infections, mortality, and symptoms are 

discussed. Table 1 provides a list of select elements 

involved in biophysiologic pathways.

Glycemic Pathways

Glucose regulation: Glucose is a monosaccharide sugar 

that is essential for cellular functioning. Distributed 

through the vascular circuitry, the therapeutic range 

of BG is 4–6 mmol (72.07–108.11 mg/dl) (Roder, Wu, 

Liu, & Han, 2016). Maintaining this relatively tight 

range requires a multilevel orchestration of biomo-

lecular activity. Glucose is obtained through three 

primary sources: intestinal absorption of carbohy-

drates through digestion, glycogenolysis (conversion 

of glycogen stores in the liver to glucose), and glu-

coneogenesis (formation of new glucose in the liver 

from protein storages in the muscles) (Adeva-Andany, 

Pérez-Felpete, Fernández-Fernández, Donapetry-

García, & Pazos-García, 2016; Roder et al., 2016). The 

regulation of glucose occurs systemically through the 

signaling of regulatory mechanisms that initiate the 

pancreatic release of the hormones glucagon from the 

alpha cells and insulin from the beta cells. In addition 

to glucagon, catecholamine’s (epinephrine, norepi-

nephrine, cortisol, and growth hormones) elevate BG 

through stimulation of glycogenolysis, gluconeogene-

sis, and inhibition of insulin uptake by the cells (Barth 

et al., 2007). Insulin, a key regulator of glucose’s entry 

into cells, activates glucose transporter (GLUT) recep-

tors and promotes synthesis of glycogen (Augustin, 

2010; Kristensen, Fredholm, & Cirera, 2015; Uebelhoer 

& Iruela-Arispe, 2016). Insulin also stimulates glycogen 

formation. Growth hormone and insulin-like growth 

factor 1 (IGF-1) are two key regulators of cellular 

growth and functioning (Werner, Sarfstein, LeRoith, 
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TABLE 1. Abbreviations of Select Elements Involved in Biophysiologic Pathways

Abbreviation Term Definition and Function

Akt/PKB Akt/protein kinase B Signaling pathway that mediates signal transduction; the 

serine/threonine-specific Akt/PKB regulates glucose metabo-

lism, cell growth and proliferation, and angiogenesis.

ATP Adenosine triphosphate Organic chemical molecule that provides cellular energy

BG Blood glucose Monosaccharide sugar in the bloodstream; provides cellular 

energy

ERK Extracellular signal–regulated kinase One of the MAPKs

GLUT Glucose transporter Cell surface receptor that transports molecules of glucose 

into the cell; GLUT receptors are activated by the activation of 

insulin receptors.

HIF1A Hypoxia-inducible factor 1-alpha A nuclear transcription factor that regulates the response to 

hypoxia; induces inflammatory signaling molecules

IFNg Interferon gamma Molecule that modulates immune function

IGF-1 Insulin-like growth factor 1 Molecule that is ancestrally linked to insulin; IGF-1 contributes 

to the cellular intake of glucose, as well as cellular growth and 

function.

IL Interleukin (e.g., IL-6, IL-8) Signaling molecules that mediate inflammation

MAPK Mitogen-activated protein kinase One of the serine/threonine protein kinases that regulate 

cellular function

NF-kB Nuclear factor-kappa B A nuclear transcription factor that induces inflammatory 

signaling molecules

PI3K Phosphoinositide 3-kinase Pathway involved in signal transduction; regulates cellular 

processes; often activated in cancer

ROS Reactive oxygen species Byproducts of normal cellular metabolism that regulate cellular 

functions; also called free radicals

STAT3 Signal transducer and activator of 

transcription-3

A nuclear transcription factor that induces inflammatory 

signaling molecules

T2D Type 2 diabetes A condition of sustained hyperglycemia unregulated by 

endogenous mechanisms; diagnosing T2D includes 2 separate 

measurements of hyperglycemia at a level of 126 mg/dl or 

greater, a measure of glycosylated hemoglobin (A1c) at a level of 

6.5% or greater, or an oral glucose tolerance test with a 2-hour 

plasma glucose of 200 mg/dl or greater.

TCA Tricarboxylic acid cycle A chemical cascade that produces adenosine triphosphate 

(cellular energy); also known as the citric acid cycle or Krebs 

cycle

TNF-a Tumor necrosis factor alpha Signaling molecule that induces inflammation

VEGFR2 Vascular endothelial growth factor 2 Signaling molecule that induces angiogenesis

Note. Based on information from Adeva-Andany et al., 2016; American Diabetes Association, 2018b; Augustin, 2010; Barth 
et al., 2007; Clemmons, 2012; Collier et al., 2008; Esposito et al., 2002; Freund et al., 2010; Giacco & Brownlee, 2010; 
Greene et al., 2011; Herkenne et al., 2015; Turner & Grose, 2010; Uebelhoer & Iruela-Arispe, 2016.
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& Bruchim, 2016). IGF-1 is also regulated by insulin 

and growth hormone, triggered by hepatic regulation 

from protein and energy (Clemmons, 2012). The IGF-1 

receptor is similar to insulin receptors and, like insu-

lin, contributes to the uptake of glucose into cells 

(Clemmons, 2012; Werner et al., 2016). Glucokinase, 

a regulatory protein found in multiple tissues (Massa, 

Gagliardino, & Francini, 2011), and neuroendocrine 

activity from the hypothalamic–pituitary–adrenal 

(HPA) axis (Kalsbeek et al., 2010) also contribute to the 

regulation of BG. The HPA axis is a feedback loop that 

triggers the release of epinephrine, norepinephrine, 

and cortisol (Dombrowski & Karounos, 2013), which 

promote gluconeogenesis.

FIGURE 1. Conceptual Model of Hyperglycemia in a Patient With Cancer

ATP—adenosine triphosphate; BMI—body mass index; COX—cyclooxygenase; CYP—cytochrome P450; HIF1A—hypoxia-inducible factor 1-alpha; 
HPA—hypothalamic–pituitary–adrenal; LOX—lipoxygenase; NF-kB—nuclear factor-kappa B; ROS—reactive oxygen species; SNP—single nucleotide 
polymorphism; STAT3—signal transducer and activator of transcription-3; TCA—tricarboxylic acid cycle
Note. Figure courtesy of Marilyn Hammer. Used with permission.
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Upon entry into the cell, glucose is metabolized in 

the mitochondria through the tricarboxylic acid cycle, 

also known as the Krebs cycle, for the production 

of adenosine triphosphate (ATP), which is cellular 

energy (Brownlee, 2005; Giacco & Brownlee, 2010; 

Yu, Jhun, & Yoon, 2011). Normal glucose metabolism 

yields 32–36 molecules of ATP through an aerobic 

respiratory pathway that includes oxidative phos-

phorylation (Asgari, Zabihinpour, Salehzadeh-Yazdi, 

Schreiber, & Masoudi-Nejad, 2015). Specifically, in 

normal oxygenated cells, glucose is converted into 

pyruvate (Uebelhoer & Iruela-Arispe, 2016; Yeluri, 

Madhok, Prasad, Quirke, & Jayne, 2009), which 

triggers an electrochemical gradient across the elec-

tron transport chain, resulting in positively charged 

ions that initiate the phosphorylation of adenosine 

diphosphate to create ATP via ATP synthase (Adeva-

Andany et al., 2016; Giacco & Brownlee, 2010; Yu et 

al., 2011). The production of energy is coupled with 

consumption of oxygen, which is normally reduced 

to water, with 4%–5% being converted to reac-

tive oxygen species (ROS), also called free radicals 

(Klaunig & Kamendulis, 2004). ROS are byprod-

ucts of normal cell metabolism used to regulate and 

maintain physiologic cell functions, including pro-

liferation, migration, differentiation, senescence, 

apoptosis, signal transduction, and gene expression 

(Zhou, Shao, & Spitz, 2014). ROS, in turn, are reg-

ulated by antioxidants that contribute to cellular 

homeostasis (Zhou et al., 2014). 

Hyperglycemia: Hyperglycemia occurs when 

the body’s regulatory mechanisms cannot maintain 

glucose below 6 mmol (108.11 mg/dl) (Roder et al., 

2016). Hyperglycemia initiates the release of cortisol, 

catecholamines (epinephrine and norepinephrine), 

glucagon, and growth hormone, which leads to 

increased insulin resistance, hyperinsulinemia, lip-

olysis, gluconeogenesis, and glycogenolysis, further 

promoting hyperglycemia (Smiley & Umpierrez, 

2010). The insulin resistance, characterized by need-

ing higher-than-normal levels of insulin to facilitate 

the transport of circulating glucose into the cells 

(Park, Park, & Sweeney, 2015), initiates a deleteri-

ous cascade. In effect, the GLUT receptors become 

less efficient in responding to circulating insulin 

and IGF-1 triggers (Becker, Dossus, & Kaaks, 2009; 

Clemmons, 2012). In response, states of hyperinsu-

linemia and glyconeogenesis occur (Becker et al., 

2009; Clemmons, 2012; Park et al., 2015). In addi-

tion, in the presence of hyperglycemia, excessive 

amounts of ROS are produced, creating oxidative 

stress (Yu et al., 2011). Hyperglycemia also stimulates 

excessive levels of calcium to enter the cell, which 

causes mitochondrial fragmentation, also leading to 

high levels of ROS and associated oxidative stress. 

The oxidative stress from these pathways interrupts 

normal cell metabolism, cell pathway signaling, and 

cell-to-cell homeostasis (Yu et al., 2011; Ziech et al., 

2010). The downstream effect is a nuclear signaling 

cascade that evokes the activation of transcription 

factors, including signal transducer and activator of 

transcription 3 (STAT3), hypoxia-inducible factor 

1-alpha (HIF1A), and nuclear factor-kappa B (NF-kB). 

These transcription factors induce an overexpression 

of inflammatory signaling molecules, including cyto-

kines, chemokines, and prostaglandins (Esposito et 

al., 2002). Studies have found interleukin-6 (IL-6), 

tumor necrosis factor-alpha (TNF-a), and interferon 

gamma (IFNg) expressed at pathologically high levels 

(Esposito et al., 2002; Gale, Sicoutris, Reilly, Schwab, 

& Gracias, 2007; Germenis & Karanikas, 2007; Kumar 

& Gabrilovich, 2014). Other cytokine mediators of 

inflammation (IL-8, IL-10, and IL-18) may also be 

involved. The overexpression of these inflamma-

tory signaling molecules inhibits immune function. 

Cellular activities, such as complement fixation, cell 

adherence, chemotaxis, phagocytosis, and apoptosis, 

are impaired, preventing detection and elimination 

of infectious microorganisms and allowing infections 

to manifest and thrive, a contributing factor to death 

among patients with cancer (Butler, Btaiche, & Alaniz, 

2005; Collier, Dossett, May, & Diaz, 2008). Figure 1 is 

an overview of some of these pathways.

Confluence of Hyperglycemia and Cancer

The complex associations among hyperglycemia, 

increased risk for cancer, and increased risk for 

adverse outcomes in patients undergoing treatment 

for cancer share common chronic inflammatory 

mechanisms. Understanding the contributors to 

hyperglycemia and inflammation, as well as the path-

ways leading to or in the presence of cancer, can help 

to identify targets for improved outcomes and overall 

quality of life.

Contributors to hyperglycemia in patients with 

cancer: There are multiple contributors to hypergly-

cemia in patients undergoing treatment for cancer. 

Known and likely contributors include a preexisting 

high-calorie, high-fat, and high-sugar diet (overnu-

trition and/or poor-nutrient diet) (Hardman, 2014), 

low physical activity (Bird & Hawley, 2012, 2017), high 

consumption of alcohol, use of tobacco and other sub-

stances, and patient factors, such as being older aged 

(Freund, Orjalo, Desprez, & Campisi, 2010), having 
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comorbid conditions, having a high body mass index 

(BMI) (Giovannucci et al., 2010), and, in some cases, 

having a related metabolic syndrome (Zafar, Khaliq, 

Ahmad, Manzoor, & Lone, 2018). BMI is reflective 

of behaviors and physiologic body function and has 

been implicated as a risk factor for cancer, T2D, and 

cardiovascular disease (de Mutsert, Sun, Willett, 

Hu, & van Dam, 2014; Zheng et al., 2014). Stress is 

also a potential contributor to hyperglycemia and 

inflammatory responses (Collier et al., 2008), lead-

ing to increased risks for adverse events in patients 

undergoing treatment for cancer. This pathway was 

clinically highlighted in studies that found that indi-

viduals with T2D-related distress had worse glycemic 

control and higher levels of glycosylated hemoglo-

bin (A1c) (Aikens, 2012; Fisher et al., 2013; Fisher, 

Hessler, Polonsky, & Mullan, 2012; Snoek, Bremmer, & 

Hermanns, 2015). In addition, some medications, such 

as certain chemotherapy agents (Hershey et al., 2014) 

and glucocorticoids (Brady et al., 2014), induce hyper-

glycemia. Some treatments, such as hematopoietic 

cell transplantation (HCT) and related conditioning 

regimens, also increase the risk for post-treatment 

onset of T2D (Fuji, Löffler, Savani, Einsele, & Kapp, 

2017). As shown in Figure 2, these factors contribute 

to chronic states of inflammation and hyperglycemic- 

induced inflammation.

Hyperglycemic- and cancer-related inflammation 

in cancer formation and progression: Associations 

between glucose and cancer have been investigated for 

nearly a century (Holmes, 1940). By the 1960s, the spe-

cific influence of hyperglycemia on immune function 

(i.e., inflammatory response) in cancer formation and 

progression was described (Scott, 1968; Scott & Still, 

1968; Stjernholm, 1967). This mechanism includes 

persistent oxidative stress, common in hyperglycemia 

and cancer, that leads to chronic inflammation, which 

compromises the immune system’s ability to detect 

and eliminate cancer-forming cells and, therefore, 

mediating the development and progression of cancer 

(Calle & Fernandez, 2012; Mantovani, Allavena, Sica, 

& Balkwill, 2008). Hyperglycemia also promotes an 

acidic milieu that provides a favorable microenviron-

ment where malignant cells can thrive (Kellenberger 

et al., 2010). The metabolism of cancerous cells dif-

fers from normal healthy cells with preferential use of 

the lactate dehydrogenase pathway, using glycolysis 

for energy instead of oxidative phosphorylation, the 

pathway used in healthy cells (San-Millán & Brooks, 

2016). Termed the Warburg Effect, cancer cells’ 

preference toward the lactate dehydrogenase path-

way, even in well-oxygenated environments, is likely 

because of lactate activating HIF1A, which increases 

vascular endothelial growth factor 2 (VEGFR2), a 

promoter of angiogenesis (Herkenne et al., 2015). 

HIF1A also upregulates fibroblast growth factor, 

which promotes cancer cell progression (Turner & 

Grose, 2010). Another theory for the preferential use 

of lactate dehydrogenase by cancer cells is that apop-

tosis may be circumvented via the production of ROS 

(Manoochehri Khoshinani, Afshar, & Najafi, 2016; 

Yeluri et al., 2009) (see Table 2).

Other studies have uncovered the interactions 

among various ligands and receptors related to these 

FIGURE 2. Contributions to and Outcomes of Hyperglycemia
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pathways. GLUT receptors, for example, are overex-

pressed in cancers of the esophagus, stomach, colon, 

pancreas, lung, brain, ovaries, breast, and prostate 

(Yeluri et al., 2009). In addition, GLUT receptors 

are found on some cancerous tissues in which they 

are not normally expressed in the same cancer-naive 

tissue. GLUT3, for example, is normally expressed 

in brain tissue but is found in high abundance in 

cancerous tissues of the ovaries, lung, and stomach 

(Yeluri et al., 2009). In effect, more glucose is solic-

ited to these tissues, with an associated inflammatory 

effect that alters cell signaling from oxidative stress 

and increases DNA damage and mutations (Giacco & 

Brownlee, 2010; Yeluri et al., 2009; Ziech et al., 2010). 

Insulin, needed for GLUT receptor expres-

sion, glycogen synthesis, glycolysis, and fatty acid 

synthesis, also promotes carcinogenesis through 

several mechanisms. Insulin can aberrantly activate 

the serine/threonine-specific protein kinase called 

protein kinase B (PKB) and also known as Akt, a 

regulator of glucose metabolism, cell growth and pro-

liferation, and angiogenesis (Testa & Tsichlis, 2005). 

Insulin can also stimulate mitogen-activated protein 

kinase (MAPK), phosphoinositide 3-kinase (PI3K)/

Akt, and extracellular signal–regulated kinase (ERK), 

all of which can promote malignant tissue through 

proliferation, invasiveness, angiogenesis, and inhi-

bition of apoptosis (de Boer, Wörner, Verlaan, & van 

Leeuwen, 2017). IGF-1 is not only similar to insulin, 

but also ancestrally linked (Werner, Weinstein, & 

Bentov, 2008). In addition, IGF-1 regulates cellular 

growth, development, and metabolism and promotes 

metastases of malignant tissue through epithelial–

mesenchymal transition (Li et al., 2017). Because of 

these associations, IGF-1 receptor is being studied as 

a possible target for cancer therapies (Li et al., 2017).

Hyperglycemia and adverse events in patients 

with cancer: Several studies have shown the increased 

risks of infections (Derr et al., 2008; Fuji et al., 2007; 

Hammer et al., 2016), organ dysfunction (Fuji et al., 

2007), and mortality (Hammer et al., 2009; Zhou et 

al., 2010; Zhou, Zhang, Gu, & Xia, 2015) among patients 

with cancer who experience hyperglycemic episodes. 

Particularly in patients undergoing HCT, infection risk 

is increased 1.1–1.6 times with hyperglycemic episodes 

(Derr et al., 2008; Hammer et al., 2009, 2016). The risk 

for mortality in patients with hyperglycemia can be 

as high as 1.9–2.9 times the risk of those who do not 

become hyperglycemic (Fuji et al., 2007; Hammer et 

al., 2009). The impaired immune function related to an 

overexpression of inflammatory signaling molecules 

is a likely pathway toward the increased risk for these 

adverse events and outcomes (Esposito et al., 2002; 

Gale et al., 2007; Germenis & Karanikas, 2007; Kumar 

& Gabrilovich, 2014). This association was somewhat 

captured in a small study of collected blood samples 

from individuals without T2D who underwent autol-

ogous HCT. Inflammatory cytokines (e.g., IL-1b, IL-6, 

TNF-a) were elevated in individuals with infections 

compared to individuals without infections. Those 

with infections also had higher BG levels (Hammer et 

al., 2016). Although the cytokines (inflammatory mark-

ers) should have solicited an increase in white blood 

cells (WBCs) to eradicate the microorganisms, the 

patients with infections and higher cytokine expres-

sion had a lower WBC response than individuals 

without infections. Larger studies that measure these 

and other biomarkers are warranted to best understand 

these mechanisms. 

Other mechanisms under investigation are related 

to symptoms. Symptoms from cancer and cancer ther-

apies are highly prevalent and can be as devastating as 

or worse than the cancer diagnosis itself (Pud et al., 

2008). Symptom severity is also inversely related to 

functional status and quality of life (Miaskowski et al., 

2006; Pud et al., 2008) and may be predictive of sur-

vival (Teunissen, de Graeff, de Haes, & Voest, 2006). 

TABLE 2. Components of Glucose Metabolism  

in Noncancer and Cancer Cells

Component Noncancer Cells Cancer Cells

Pathway Oxidative phosphor-

ylation

Lactate dehydro-

genase (aerobic 

glycolysis/Warburg 

Effect)

ATP productiona 32–36 2

Pathway activated Reactive oxygen 

species

HIF1A, VEGFR2, and 

FGF

Outcomes Regulates normal 

cellular growth, 

migration, differen-

tiation, senescence, 

and apoptosis

Promotes angio-

genesis and 

carcinogenesis

a Number of ATP molecules produced per 1 molecule of glucose 
ATP—adenosine triphosphate; FGF—fibroblastic growth factor; HIF1A—
hypoxia-inducible factor 1-alpha; VEGFR2—vascular endothelial growth 
factor receptor 2
Note. Based on information from Adeva-Andany et al., 2016; American 
Diabetes Association, 2018b; Augustin, 2010; Barth et al., 2007; 
Clemmons, 2012; Collier et al., 2008; Esposito et al., 2002; Freund et 
al., 2010; Giacco & Brownlee, 2010; Greene et al., 2011; Herkenne et al., 
2015; Turner & Grose, 2010; Uebelhoer & Iruela-Arispe, 2016.
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Some mechanisms suggest that hyperglycemia may be 

associated with greater symptom severity for certain 

symptoms. 

Possible pathways exist for associations between 

hyperglycemia and greater levels of pain, fatigue, 

depression, and sleep disturbance—symptoms that 

often co-occur in individuals undergoing treatment 

for cancer (Miaskowski, 2016; Miaskowski et al., 

2017). Patients with hyperglycemia and cancer may 

experience more severe or compounded symptoms 

because of the exacerbated inflammation. In addi-

tion, inflammation is associated with hyperglycemia 

and with factors that contribute to hyperglycemia. As 

described previously, BMI can be a significant con-

tributor. Being overweight or obese creates a chronic 

systemic inflammatory state that can promote devel-

opment and/or exacerbation of symptoms (Lasselin 

& Capuron, 2014; Rodríguez-Hernández, Simental-

Mendía, Rodríguez-Ramírez, & Reyes-Romero, 2013). 

The influence of inflammation has also been found 

on a genetic level. For example, a study by Wright et 

al. (2017) found associations between inflammatory 

pathway genes and interindividual variability in the 

trajectories of fatigue in patients with solid tumor 

cancers receiving chemotherapy. The complexi-

ties of interindividual variability and how symptom 

experiences can be influenced by multiple factors 

underscore the need for understanding the mecha-

nisms of modifiable factors, such as BG. 

The experience of pain among individuals under-

going treatment for cancer can vary and be influenced 

by many factors. Understanding the mechanisms 

that contribute to pain pathways in this population 

is essential. One mechanism includes the production 

of eicosanoid metabolites from arachidonic acid by 

cyclooxygenase, lipoxygenase, and cytochrome P450 

enzymes (Wang et al., 2018). Subsequently, prosta-

glandins and leukotrienes are released, promoting an 

inflammatory response and associated pain (Greene, 

Huang, Serhan, & Panigrahy, 2011). 

For some patients, pain may be related to neu-

rotoxic chemotherapies that create peripheral 

neuropathy, a symptom also experienced by individ-

uals with T2D. It is sometimes difficult to distinguish 

the cause of peripheral neuropathy in patients with 

T2D who receive neurotoxic chemotherapy. For some 

patients, the peripheral neuropathy is compounded 

by both. Because chemotherapy-induced peripheral 

neuropathy may necessitate early treatment termina-

tion or reduced dosing (Beijers, Mols, & Vreugdenhil, 

2014), controlling this symptom when it is related to 

glucose is imperative. 

Mechanistically, hyperglycemia in patients with 

T2D increases the rate of nerve cell death and impairs 

the cells’ repair mechanism (Tavakoli, Mojaddidi, 

Fadavi, & Malik, 2008). Chemotherapy agents, specifi-

cally those that bind to and disrupt microtubules (e.g., 

taxanes, vinca alkaloids, epothilones, oxaliplatin) 

cause nerve cell death and related neurotoxic effects 

(Donovan, 2009), increasing the risk for peripheral 

neuropathy (Pachman et al., 2016). Patients with 

cancer who are receiving a neurotoxic agent and expe-

riencing hyperglycemia are potentially at higher risk 

for developing numbness and tingling and experienc-

ing higher levels of severity of peripheral neuropathy 

(Hershey & Pierce, 2015). Still to be determined are 

associations between hyperglycemia and peripheral 

neuropathy in patients with cancer with or without 

preexisting T2D.

Similar to pain, fatigue is common to cancer and 

T2D. Fatigue in individuals with poorly managed T2D 

who experience hyperglycemic events is thought to be 

a result of macro/microvascular complications from 

the interference with major organ function (Park et al., 

2015; Singh & Kluding, 2013). In addition, physical and 

psychological distress related to a diabetes diagnosis 

can be associated with fatigue (Fritschi & Quinn, 2010; 

Young-Hyman et al., 2016). Cancer-related fatigue 

(CRF), however, may have multiple contributors. CRF 

is commonly reported as the most frequent and trou-

bling symptom in patients with cancer, with 30%–60% 

reporting moderate to severe fatigue during treatment 

(Bower, 2014; Wright, Hammer, & D’Eramo Melkus, 

2014). Dysregulation of proinflammatory cytokines 

related to the cancer and its treatments have been 

linked to CRF (Bower & Lamkin, 2012). Other biologic 

mechanisms associated with CRF include HPA axis dys-

function; circadian rhythm disruption; and regulation 

of serotonin, dopamine, and norepinephrine related 

to disturbances (Barsevick et al., 2013; Minton et al., 

2013). A synergistic effect between cancer therapies 

KNOWLEDGE TRANSLATION

 ɐ Hyperglycemia initiates and/or contributes to complex physio-

logic pathways that affect symptom experiences and outcomes in 

patients with cancer.

 ɐ Hyperglycemia can occur in patients undergoing treatment for 

cancer with or without preexisting type 2 diabetes because of var-

ious individual and treatment-related factors.

 ɐ Oncology nurses are in a prime position to monitor and initiate 

management strategies for patients undergoing treatment for 

cancer who experience hyperglycemic episodes.
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and dopaminergic alterations from inflammatory 

responses has been shown to contribute to prolonged 

and devastating fatigue (Bower & Lamkin, 2012). 

In alignment with these neuroendocrine and inflam-

matory triggers, as mentioned previously, genes that 

code for inflammatory markers have been associated 

with CRF (Wright et al., 2017). Taken together, factors 

that promote inflammation, such as hyperglycemia, 

may contribute to CRF. In addition, the dysregula-

tion of the proinflammatory cytokine response from 

hyperglycemia and cancer may compound fatigue. 

Further research can provide a better understanding 

of the mechanistic similarities and differences between 

hyperglycemia and cancer related to fatigue. 

In patients with T2D, hyperglycemia is a potential 

risk factor related to the development of depression in 

individuals with a genetic predisposition to affective 

disorders (Nagy et al., 2008). Among patients with 

T2D and cancer, evidence suggests that numerous fac-

tors are involved in depression and sleep disturbance, 

including single nucleotide polymorphisms in genes 

that code for inflammatory cytokine signaling mol-

ecules, psychological and physical stress responses 

through the HPA axis, high BMI, alterations in 

immune cell function, and interaction effects among 

depression, sleep disturbance, and stress (Bower & 

Lamkin, 2012; Doyle et al., 2013). In addition, sleep 

disturbances may trigger inflammatory pathways that 

can contribute to depression (Irwin, Olmstead, Ganz, 

& Haque, 2012). Sleep disturbance has also been 

found to be associated with increased risks for T2D 

(Yaggi, Araujo, & McKinlay, 2006), as well as insulin 

resistance and higher BG among patients with T2D 

(Ohkuma et al., 2014). The role of hyperglycemia in 

depression and sleep among patients with cancer has 

not been fully explored.

Implications for Research and Practice

Treating cancer is complex; therefore, it is essential 

to address factors that inhibit successful outcomes 

in patients undergoing treatment for cancer. 

Hyperglycemia is a modifiable risk factor, making it 

a desirable target of investigation. The evidence for 

hyperglycemia and T2D being risk factors for cancer 

has been established (Giovannucci et al., 2010). 

Regardless of T2D status, evidence suggests that 

hyperglycemia increases the risk for adverse events 

and outcomes in patients undergoing treatment for 

cancer. More in-depth investigations are needed to 

enhance the understanding of the metabolic links 

between hyperglycemia and the risk for cancer and 

adverse events and outcomes in patients undergoing 

treatment for cancer. In particular, the compounded 

effect of hyperglycemia- and cancer-related inflamma-

tion warrants further investigation. Various methods 

for measuring inflammatory biomarkers may help to 

further describe these pathways. For example, eval-

uating the neutrophil–lymphocyte ratio has been 

found to be informative for indicating the presence of 

inflammation (Cruz-Ramos et al., 2018; Dogan et al., 

2018). Understanding the contributors to hyperglyce-

mia can be used to develop focused screening tools to 

predict which individuals are at the greatest risk for 

hyperglycemic episodes and related adverse events 

and outcomes prior to the start of cancer therapies. 

A number of challenges to conducting these stud-

ies exist, in part, because of a lack of consistencies in 

glycemic measurements and parameters (Storey, Von 

Ah, & Hammer, 2017). The following areas require fur-

ther study:

 ɐ Genomic and epigenomic factors not described 

in the current review to get a more compre- 

hensive understanding of hyperglycemic–cancer– 

inflammatory pathways

 ɐ A therapeutic BG range, which may differ from the 

general population

 ɐ Glycemic screening guidelines prior to the start of 

cancer therapies

 ɐ Guidelines for glucose management and self- 

management during and following cancer therapies

Addressing these and other related areas can lead 

to mitigating the effect of hyperglycemia among 

patients with cancer. The long-term benefits are 

anticipated to include decreased adverse events and 

outcomes, improved survival, improved symptom 

management, and, ultimately, cancer prevention. The 

short-term goal is to improve overall health and qual-

ity of life for people with cancer.

Putting challenges aside, nurses can be proactive 

in guiding the management of glucose in patients with 

cancer. First, it is essential for nurses to understand 

the known and potential contributors to hyper-

glycemic events. Specifically, older age, high BMI, 

hyperglycemic-inducing chemotherapies, glucocorti-

coids, lack of physical activity, and stress should alert 

nurses to patients at risk for hyperglycemic events. 

Instituting protocols for increased glucose monitor-

ing will capture hyperglycemic events earlier, which 

can then be expeditiously treated. Another challenge 

is that, even treated early, once a hyperglycemic event 

occurs, the deleterious physiologic response ensues. 

Until research can determine the glycemic risk pro-

files in patients with cancer and specific tailored 

guidelines for glucose regulation can be established in 
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this population, being educated about the contribu-

tion of hyperglycemia to adverse events and outcomes 

is paramount for oncology nurses.

Conclusion

Hyperglycemia can occur in patients undergoing 

treatment for cancer regardless of their pretreat-

ment glucose history. Understanding the complex 

pathways and identifying patients at greatest risk for 

hyperglycemic episodes can help in the development 

of preemptive interventions for improved patient 

outcomes. An important step is to identify the thera-

peutic range of glucose in people with cancer. Further 

research is needed to optimize care for this patient 

population.
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