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OBJECTIVES: To examine glycemic variability within one
month and one year following surgery and throughout
adjuvant chemotherapy among patients with stage II-1ll
colon cancer, with and without type 2 diabetes (T2D).

SAMPLE & SETTING: 58 patients with stage II-Ill colon
cancer treated with surgery and chemotherapy.

METHODS & VARIABLES: A retrospective analysis of
electronic health record data over one year showed
glycemic variability, measured as standard deviation
and coefficient of variation. Chi-square, Fisher’s exact,
and Mann-Whitney U tests and Spearman’s correlation
coefficient were calculated.

RESULTS: Patients with T2D had higher glycemic
variability throughout chemotherapy and within one
year following surgery. A significantincrease in glycemic
variability throughout chemotherapy was observed

in patients without T2D. Significant associations
between glycemic variability and demographic and
clinical characteristics differed by T2D status, standard
deviation, and coefficient of variation.

IMPLICATIONS FOR NURSING: Nurses need to

assess serial blood glucose levels in patients with

and without T2D. Teaching patients how to maintain
glycemic control during treatment is a priority. Research
should include predictive models to identify risk factors
for higher glycemic variability and cancer-related
symptoms and outcomes.
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atients with cancer, with and without

type 2 diabetes (T2D), are known to

experience hyperglycemia, which has

been associated with poor cancer-

related outcomes (Hammer et al,
2019; Healy et al., 2017; Simon et al., 2018; Zylla et al.,
2019). Therefore, glycemic control is essential for im-
proving outcomes in patients with cancer. The inci-
dence of T2D in the U.S. general population is 10.5%
(Centers for Disease Control and Prevention, 2020),
yet diabetes (types 1 and 2) have been reported to oc-
cur in 21.94% of patients with early-stage (stage I-1I)
colon cancer (Lee et al., 2020). Importantly, prior to a
cancer diagnosis, patients with T2D have a 27% higher
risk of developing colon cancer, the fourth most diag-
nosed cancer in the United States (American Cancer
Society, 2021), compared to individuals without T2D
(Gonzalez et al., 2017). In addition, patients with T2D
and colorectal cancer have a 17% increased risk of all-
cause mortality and a 12% increased risk of cancer-
specific mortality (Mills et al., 2013). Of further con-
cern, the rate of T2D in the United States is expected
to rise from 35.6 million cases in 2015 to 54.9 million
by 2030 (Rowley et al., 2017), and the rates of individ-
uals with T2D and cancer will also increase.

There are no established, specific guidelines
for glycemic management in patients with cancer
with and without T2D. Hemoglobin Aic (HbAic),
the most commonly used assessment of glycemic
status, provides a value that reflects a two- to three-
month average of blood glucose (American Diabetes
Association, 2021). However, HbA1c does not cap-
ture glycemic variability, described as fluctuations
in blood glucose. In addition, HbAic measures may
be inaccurate in patients with cancer because of
the malignancy, acute blood loss from surgery, and
the apoptotic effect of chemotherapy on the life of
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TABLE 1. Variable Descriptions and Timing of Measurements

Variable Description
Cancer treatment Date of colon cancer surgery and chemotherapy name, dose, and date of administration

Chemotherapy Number of adjuvant chemotherapy cycles administered and examination of doses to identify dose

details reductions; dates of chemotherapy administration were used to identify dates of chemotherapy
cycles 1, 4, 8, and 12 and to identify when patients experienced a delay in treatment. In patients
who did not receive a total of 12 cycles of chemotherapy, the date of the last chemotherapy cycle
was recorded.

Clinical Cancer stage, metastatic disease within 1 year of surgery?, prescription diabetes therapy®, cumula-
characteristics tive steroid dose®, blood cultures®

Demographic Age, body mass index, gender, race, geographic region, marital status, employment, insurance,
characteristics socioeconomic factors

Diabetes Type 2 diabetes was identified from the diagnosis code (ICD-10-CM) of EO8-E13 from the EHR

problem list, and a search of surgery notes and anesthesia records on all patients with preoperative
glucose 140 mg/dl or greater, or those on diabetes therapy at the time of surgery®.

Glucose value Random blood glucose values tested with Beckman Coulter AUS800 or point-of-care testing: Glu-
cose values from the EHR were assumed to be nonfasting. Preoperative glucose value was the last
glucose obtained prior to surgery; prechemotherapy glucose value included last glucose obtained
prior to start of chemotherapy.

GV SD was calculated with IBM SPSS Statistics, version 26.0. CV was computed using the following
formula: %: (SD/mean) x 100. GV was calculated using all available blood glucose values within
30 days and within 15 months from the time of surgery in all patients. GV was calculated between
chemotherapy cycles 1, 4, 8, and 12. GV was also calculated between cycle 1 and the date of
the last chemotherapy cycle to account for patients who did not complete 12 cycles of adjuvant
chemotherapy.

2|dentified by search of EHR

®Includes calculation of sum

°To broadly capture the occurrence of infections, documented positive blood cultures were included.

dA preoperative glucose greater than 140 mg/dl represents hyperglycemia in hospitalized patients.

CV—coefficient of variation; EHR—electronic health record; EO8-E13—International Classification of Diseases codes
indicating diabetes mellitus; GV—glycemic variability; ICD-10-CM—International Classification of Diseases, clinical mod-
ification

Note. Based on information from American Diabetes Association, 2021; Ceriello et al., 2019; Danne et al., 2017; Mon-
nieretal., 2018.

erythrocytes (Campbell et al., 2019; Fayyaz et al.,
2019; Gu et al., 2018). However, glycemic variability
can be captured through repeated measures of blood
glucose and reported as short-term (within-day or
between-day) and long-term (visit-to-visit) variability
for a more accurate assessment of glycemic control in
patients with cancer (Monnier et al., 2018).

Glycemic variability occurs in patients with
cancer with and without T2D; however, it has been
reported to be higher among patients with T2D
(Gude et al., 2017; Mandolfo et al., 2020, 2022;
Suh & Kim, 2015). Of note, poor health outcomes
have been associated with glycemic variability in
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hospitalized patients (Akirov et al., 2019; Atamna
et al.,, 2019; Singh et al., 2018) and in patients with
congestive heart failure (Gu et al., 2018), vascu-
lar complications (Gorst et al., 2015), diabetic
neuropathy (Cheng et al., 2014; Lai et al,, 2019),
end-stage renal disease (Yang et al., 2015), and cog-
nitive decline (Yu et al., 2019). Data are limited on
the associations between glycemic variability and
demographic characteristics. Demographic (e.g.,
older adults, non-White individuals) and clinical
characteristics are known to influence outcomes in
patients with T2D (American Diabetes Association,
2021; Hill-Briggs et al., 2021); however, studies that
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investigate social determinants of health, glycemic

status, and cancer-related outcomes are lacking.
Although associations between glycemic status and

cancer have been studied and reviewed for decades

(Giovannucci et al., 2010; Hammer et al., 2019), few
studies included the impact of glycemic variability
on patient risks. From these limited studies, glycemic
variability was found to be associated with increased

TABLE 2. Baseline Demographic Characteristics, Median, and IQR in Groups of Patients With

and Without Preoperative Diabetes (N = 58)

With Diabetes (N = 12)

Without Diabetes (N = 46)

Characteristic X SD X SD p®
Age (years)® 66.1 10.4 55.6 13.7 0.025
Characteristic Median IQR Median IQR p?
Body mass index (kg/m?)° 27.72 26.37-30.86 32.32 27.86-41.1 0.236
Household income ($)° 51,473 47,234.5-61,268 56,864 46,059.5-62,750  0.969
Characteristic n n p?
Race 0.374
Black 1 5

White 9 40

Other 2 1

Gender 1
Female 6 23

Male 6 23

Geographic region 1
Midwest 12 44

Other _ 2

Marital status 0.917
Married 7 31

Single 3 7

Divorced 1 4

Widowed 1 3

Other _ 1

Employment 0.292
Retired 7 17

Full-time 3 17

Part-time - 2

Unemployed 2 2

Disabled - 2

Other _ 6

Insurance status® 0.081
Federal 8 20

Private 3 26

2Patients with preoperative diabetes versus patients without preoperative diabetes by Mann-Whitney U, chi-square, or

Fisher’s exact tests

®With diabetes, N = 7; without diabetes, N = 29
¢Without diabetes, N = 45

dWith diabetes, N= 11

IQR—interquartile range
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risk of infection and non-relapse mortality in patients
treated with allogeneic hematopoietic cell transplan-
tation (with glycemic variability defined as standard
deviation [SD] 29 mg/dl or greater) (Hammer et al.,
2009), lower acute myelogenous leukemia remission
rates (Kuhlman et al., 2019), and reduced survival in
patients with acute myelogenous leukemia aged 60
years or older (Kuhlman et al., 2019). In addition, an
increased risk for a cancer diagnosis in healthy indi-
viduals with and without T2D (Kobayashi et al., 2020;
Saito et al., 2019) has been associated with glycemic
variability.

Patients with colon cancer are an ideal popula-
tion in which to study glycemic variability because of
the known associations between glycemic instability
and metabolic syndrome (Bowers et al., 2006), insu-
lin resistance (Fujihara et al., 2012), and decreased
diabetes medication adherence (Lund et al., 2021;
Zanders et al, 2018). Particularly, patients with
T2D and insulin resistance are at a higher risk of
developing colon cancer (Giovannucci et al., 2010).
Glycemic instability may occur from alterations in the
sugar-sensing neuronal activity along the gastrointes-
tinal tract (Fournel et al., 2016). Lastly, the complexity
involved in colon cancer surgery and chemotherapy
treatment may negativelyaffect a patient’s ability to self-
manage T2D (Lund et al., 2021). Mandolfo et al. (2022)
reported that patients with T2D experienced higher
glycemic variability within one month to one year fol-
lowing surgery for colon cancer compared to patients
without T2D. The authors did not find published
reports of glycemic variability during adjuvant chemo-
therapy for the treatment of stage II-III colon cancer.

Objectives

The purpose of this study is to describe glycemic
variability and factors associated with higher levels
of glycemic variability in patients with colon cancer
who were treated with adjuvant chemotherapy. The
specific aims in a sample of patients with stage II-
IIT colon cancer, with and without T2D, were to (a)
determine levels of glycemic variability within and
between groups; (b) describe associations between
glycemic variability and preoperative glucose values
and preoperative T2D; and (c) describe associations
between glycemic variability and demographic and
clinical characteristics.

Methods

Design

This was a retrospective, correlational analysis of
electronic health record (EHR) data of patients
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with stage II-III colon cancer treated with sur-
gery followed by chemotherapy. The conceptual
model supporting this study was derived from the
Malglycemia Orbit Model (Hammer & Voss, 2012).
This original model describes the complex asso-
ciations between malglycemia (hypoglycemia,
hyperglycemia, and glycemic variability) (Hammer
et al., 2009) and multiple factors in individuals with
cancer. The Conceptual Model of Hyperglycemia in
a Patient With Cancer offered additional support by
describing the numerous biologic, physiologic, and
intracellular pathways that contribute to and are
affected by hyperglycemia in patients with cancer
(Hammer et al., 2019).

Sample and Setting

All patients in the sample (N = 58) were treated
at Nebraska Medicine, an 809-bed facility at the
University of Nebraska Medical Center’s Fred and
Pamela Buffett Cancer Center in Omaha. Patients
diagnosed with stage II-III colon cancer between
August 1, 2012, and November 30, 2018, were iden-
tified with data from the cancer center registry.
Inclusion criteria were the following: aged older than
19 years, diagnosed with stage II-III colon cancer,
record of administration of a 5-fluorouracil-based
chemotherapy regimen, and two or more glucose
values in the EHR within one year following colon
surgery. Patients were excluded if they were being
actively treated with chemotherapy for a malignancy
other than colon cancer or if they had type 1 diabe-
tes. The American Joint Committee on Cancer’s
staging criteria were used to classify patients’ stage.
Institutional review board approval was obtained
from the University of Nebraska Medical Center.

Variables

The institution used Epic as the EHR. Table 1 dis-
plays all demographic and clinical characteristics,
preoperative T2D status, glucose values, and cancer
treatment information gathered. Only patients with
a documented diagnosis of T2D or an International
Classification of Diseases code (Eo8-E13) for T2D
within their medical records were classified as having
a diagnosis of T2D. All positive blood culture results
were counted as bloodstream infections.

The outcome variable was glycemic variability,
which was computed using all available glucose values
extracted from the EHR and reported as SD (mg/
dl) and coefficient of variation (CV) (%). SD com-
putation was performed using IBM SPSS Statistics,
version 26.0, and CV was calculated using the formula
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With Diabetes (N = 12) Without Diabetes (N = 46)
Characteristic Median IQR Median IQR p?
Preoperative glucose (mg/dl) 208 152-212 99.5 91.5-142.5 0.01
Prechemotherapy glucose (mg/dl) 111 96-153 103.5 91.5-108 0.83
Average number of cycles 12 8-12 12 10.5-12 0.267
Cumulative steroid dose (mg)
Cycles 1-4 (n =8, 36) 186 186-364.5 354 195.8-45 0.189
Cycles 1-8(n=9, 35) 434 186-773 773 372-1,050 0.132
Cycles 1-12(n=9, 33) 682 186-1,197 832 651-1,510 0.086
Firstto last cycle (n =9, 40) 682 186-1,197 825 449.5-1,556.3 0.19
1 month postoperation (n =4, 21) 375 25-59 62 50-102.5 0.057
More than 1 year postoperation (n = 10, 42) 148.5 390.8-1,978 1,501.5 900-2,464 0.353
Measure X IQR X IQR p
Glucose
1 month 16.5 3.5-35 4 1-7.5 0.014
1year 72 25-109 20 19-29 0.013
Cycles 1-4 3 3-13.5 3 2-3.5 0.417
Cycles 1-8 9 7.5-62.5 7 6.5-10.5 0.227
Cycles 1-12 13 12-79.5 12 11-28 0.275
First to last cycle® 13 12-79.5 11 11-17 0.885
Glucose mg/dl <0.001
1 month 142.75 129.04-185.74 115.75 101.76-126.62 -
1year 153.41 131.96-224.55 107.7 102.37-116.67 -
Cycles 1-4 175.58 143.74-220.25 107.28 96.46-112.42 -
Cycles 1-8 195.25 129.21-244.79 106.7 101.07-121.17 -
Cycles 1-12 179.83 121.59-244.5 106.38 100.5-128.5 -
First to last cycle® 210.75 139.86-248.75 108.78 101.55-115.85 -
SD mg/dI <0.001
1 month 28.62 23.24-51.18 17.46 11.87-23.27 -
1year 42.69 30.55-57.58 18.81 13.28-23.1 -
Cycles 1-4 36.59 19.63-70.71 9.19 5.54-20.44 -
Cycles 1-8 36.47 25.53-93.73 15.17 9.49-19.93 -
Cycles 1-12 38.59 26.5-96.22 15.59 10.69-20.71 -
First to last cycle® 43.2 27.14-69.96 16.69 11.13-22.18 -
CV (%)
1 month 21.05 18.59-29.33 15.21 10.62-20.34 0.011
1 year 26.73 18.07-31.84 16.37 12.39-20.37 <0.001
Cycles 1-4 22.3 11.76-33.06 8.69 5.33-17.36 0.009
Cycles 1-8 22.76 16.3-39.16 13.36 9.2-17.28 0.008
Cycles 1-12 20.7 18.33-41.47 13.36 11.18-17.09 0.004
First to last cycle® 19.57 18.23-30.3 15.12 11.53-18.29 <0.001

2Patients with preoperative diabetes versus patients without preoperative diabetes determined by Mann-Whitney U tests
°First to last cycle includes all patients who started chemotherapy but may not have completed 12 cycles.

CV—coefficient of variation; IQR—interquartile range

Note. Glycemic variability was determined by SD (mmol/L) and CV.

Note. CV was calculated using the formula of percentage: %: (SD/mean) x 100 (Ceriello et al., 2019; Danne et al., 2017).
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of percentage: %: (SD/mean) x 100 (Monnier et al.,
2018).

Statistical Analysis

Data analyses were performed using IBM SPSS
Statistics, version 26.0. Within- and between-group
analyses were performed in groups of patients with
and without T2D, and an assessment of normality
was conducted using the Kolmogorov-Smirnov test.
Continuous variables were presented as medians
(interquartile range [IQR]). Categorical variables were

presented by (N, %). Mann-Whitney U test was used
to compare continuous variables. Chi-square test or
Fisher’s exact test was used to compare categorical
characteristics between groups of patients with and
without T2D; results are reported as numbers and
percentages. A Friedman test was used to examine
a change in glycemic variability over time among the
subset of patients who received 12 cycles of chemo-
therapy. Spearman’s correlation analyses were used to
determine correlation coefficients between glycemic
variability and a patient’s demographic and clinical

TABLE 4. Cancer Treatment and Other Clinical and Laboratory Characteristics of Patients (N = 58)

Measurement

Cancer stage

I
M
Metastatic disease diagnosed within 12 months of surgery

Cancer treatment®

CAPOX, FOLFIRI, or FOLFOX
5-fluorouracil or capecitabine only
FOLFOX and immunotherapy
Oxaliplatin discontinued
Chemotherapy dose reduced
Chemotherapy dose delayed
Radiation therapy

Neoadjuvant chemotherapy

Positive blood culture

First to last cycle
More than 1 year following surgery

Type of diabetes therapy®

None reported

Insulin

Oral therapy®

Insulin and oral therapy

Number of oral diabetes medications®

1
2

With Diabetes Without Diabetes

(N=12) (N=46)
n n p?
0.325
. 7 -
12 39 -
. 4 -
0.095
11 44 -
- 2 -
1 - -
2 14 0.477
8 24 0.52
3 16 0.732
1 4 1
- 2 -
- 1 0.61
- 3 0.368
5 - -
3 - <0.001
3 - <0.001
1 - 0.048
0.002
1 _ -
2 _ -

2Patients with preoperative diabetes versus patients without preoperative diabetes determined by Mann-Whitney U tests

®More than 1 option could apply to each participant.
¢At the time of surgery

dDipeptidyl peptidase-4 inhibitors, sodium-glucose cotransporter-2 inhibitors, sulfonylureas
CAPOX—capecitabine and oxaliplatin; FOLFIRI—leucovorin calcium, 5-fluorouracil, and irinotecan hydrochloride; FOLFOX—

leucovorin calcium, 5-fluorouracil, and oxaliplatin

Note. Of those with diabetes (N = 12), 6 had preoperative glucose of 140 mg/dl or greater, compared to 7 of those with-

out diabetes (N = 46) (p = 0.067).
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characteristics. Statistical significance was set at p <
0.05.

Results

Baseline Demographic and Clinical Characteristics
All sample baseline demographic and clinical charac-
teristics can be found in Tables 2 and 3. More than
80% of patients were White, with a mean age of 66
years in patients with T2D and 56 years in patients
without T2D, and nearly all (96%) patients lived in
the midwestern United States. Patients with T2D
were significantly older than those without T2D (p =
0.025). The sample included patients with stage II-I1I
colon cancer (N = 58) who were treated with surgery
and chemotherapy. About 21% (n = 12) had a prior
diagnosis of T2D. In total, 2,311 glucose values were
retrieved.

The preoperative glucose value was higher in
patients with T2D compared to patients without T2D
(p <o.01). All patients received a 5-fluorouracil-based
chemotherapy regimen with a median number of 12
cycles of adjuvant chemotherapy. T2D therapy at the
time of surgery included insulin (25%, n = 3), oral ther-
apy (25%, n = 3), or combined insulin and oral therapy
(8.3%, n = 1). Five patients (41.7%) with diabetes had
no record of T2D therapy.

Glycemic Variability in Patients With and Without
Type 2 Diabetes

Differences in the number of glucose measurements,
mean glucose, SD, and CV between groups of patients
with and without T2D within one month following
surgery, throughout adjuvant chemotherapy, and
within one year following surgery are shown in Table
4. Patients with T2D had 3.5 times more glucose mea-
surements than those without T2D during the year
following surgery (p = 0.013), and higher mean glu-
cose, SD, and CV within one month following surgery.
They also experienced higher mean glucose, SD, and
CV within one year following surgery (p < 0.001).
Higher mean glucoses were observed throughout
adjuvant chemotherapy in patients with T2D between
cycles 1 and 4, cycles 1 and 8, and cycles 1 and 12, and
between the first and last cycles (p < 0.001). Patients
with T2D also had significantly higher glycemic
variability, as measured by SD and CV, throughout
chemotherapy. Particularly, the SD was significantly
higher in patients with T2D during chemotherapy
between cycles 1 and 4, cycles 1 and 8, and cycles 1
and 12, and between the first and last cycles of che-
motherapy (p < 0.001). CV was significantly higher
in patients with T2D during chemotherapy between
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cycles 1 and 4 (p = 0.009), cycles 1 and 8 (p = 0.008),
cycles 1 and 12 (20.7% versus 13.36%) (p = 0.004), and
the first and last cycles (p < 0.001).

In patients with T2D (n = 8), there were no signif-
icant differences in SD and CV throughout 12 cycles
of chemotherapy. A significant increase in glycemic
variability, as measured by SD (p = 0.013) and CV (p =
0.001) throughout 12 cycles of chemotherapy, was
observed in patients without T2D (n = 21).

Glycemic Variability and Demographic

and Clinical Characteristics

Glycemic variability and preoperative diabetes,
preoperative  glucose, and prechemotherapy
glucose: Table 5 displays the Spearman’s correlation
coefficient of the associations between glycemic vari-
ability as measured by SD and CV and preoperative
T2D, preoperative glucose, and prechemotherapy
glucose. Having a preoperative diagnosis of T2D was
significantly associated with higher mean glucose and
higher glycemic variability at every interval assessed
during chemotherapy treatment. A higher preop-
erative blood glucose value was associated with a
higher subsequent blood glucose value at one month
following surgery, one year following surgery, and
throughout adjuvant chemotherapy at cycles 1, 4, 8,
and 12.

Patients With Type 2 Diabetes

Significant associations were found between demo-
graphic characteristics and glycemic variability in
patients with T2D. A younger age was significantly
associated with higher SD (r = -0.648) and CV (r =
-0.661) between cycles 1 and 4. Increased body mass
index (BMI) was significantly associated with higher
SD (r = 0.9) and CV (r = 0.9) between cycles 1 and 8
and 1 and 12 (r = 1). White patients were significantly
associated with higher one-month SD (r = -0.646)
and CV (r = -0.646), and married patients were sig-
nificantly associated with higher one-year SD (r =
~0.661).

Significant associations were found between clinical
characteristics and glycemic variability. Preoperative
insulin use (r = 0.646) was significantly associated with
higher one-month SD (r = 0.646). Insulin use at cycle 8
was associated with higher SD and CV between cycles 1
and 8 (r = 0.822, r = 0.822), between cycles 1 and 12 (r =
0.756,1 = 0.756), between the first and last cycles of che-
motherapy (r = 0.657, I = 0.657), and one-year SD (r =
0.615) and CV (r = 0.666). A higher one-month SD (r =
-0.762) and one-month CV (r = -0.810) were associated
with a lower cumulative steroid dose over one year. A

NOVEMBER 2022, VOL. 49, NO. 6 ONCOLOGY NURSING FORUM 577



Downloaded on 05-03-2024. Single-user license only. Copyright 2024 by the Oncology Nursing Society. For permission to post online, reprint, adapt, or reuse, please email pubpermissions@ons.org. ONS reserves all rights.

578

higher one-month CV (r = -0.782) was associated with
a lower cumulative steroid dose over the entire course
(between the first and last cycles) of chemotherapy.

Patients Without Type 2 Diabetes

The only significant associations in patients without
T2D were found between glycemic variability, as mea-
sured by SD and CV, and marital status. Not being
married was associated with higher SD between the
first and last cycles of chemotherapy (r = 0.323, p <
0.01), one-year SD (r = 0.396, p < 0.05), and one-year
CV (r = 0.376, p < 0.05). No significant associations
were noted between glycemic variability and all other
demographic and clinical characteristics.

Discussion

To the authors’ knowledge, this was the first study to
examine long-term glycemic variability throughout
adjuvant chemotherapy and for one year following sur-
gery in patients, with and without T2D, treated for stage
II-I1I colon cancer. Not surprisingly, patients with T2D
prior to surgery had higher preoperative glucose, pre-
operative hyperglycemia (glucose value of 140 mg/dl
or greater) (American Diabetes Association, 2021), and
higher prechemotherapy glucose compared to patients
without T2D. Patients with T2D also had significantly
higher glycemic variability throughout chemotherapy
at each assessment. These findings are consistent with
the literature, suggesting that patients with T2D have
higher glycemic variability compared to those without
T2D (Gude et al., 2017; Mandolfo et al., 2020, 2022; Suh
& Kim, 2015). Patients without T2D experienced a sig-
nificant change in glycemic variability over the course
of 12 cycles of chemotherapy, despite experiencing
overall lower glycemic variability compared to those
with T2D. The findings from this study support the
conceptual model, derived from the Malglycemia Orbit
Model (Hammer & Voss, 2012), used in this study as
it highlights the influence of demographic and clinical
characteristics on glycemic variability in patients with
cancer.

No specific guidelines exist for the management of
glycemic control in patients with cancer. The patients
with stage II-III colon cancer with T2D had high gly-
cemic variability per the high cut-point values of 29
mg/dl or greater SD reported by Hammer et al. (2009),
and very high upper limit IQR over the course of 12
cycles of chemotherapy. The median CV measure-
ments throughout the course of chemotherapy did not
exceed 36% in patients regardless of T2D status; how-
ever, there was high upper limit IQR between cycles 1
and 12 in patients with T2D. The measurement of SD
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or CV using serial blood glucoses can be used to assess
glycemic control throughout adjuvant chemotherapy
treatment (Ceriello et al., 2019; Kovatchev, 2019; Peyser
et al., 2018). A benefit of using SD or CV is that blood
glucose values are not affected by the life of the erythro-
cytes, unlike HbA1c (Campbell et al., 2019; Fayyaz et al.,
2019). These findings support knowledge that glycemic
variability and hyperglycemia, two critical components
of malglycemia, represent two separate clinical factors
(Ceriello et al., 2019; Hammer et al., 2009). Further
research is needed to determine the metric for high gly-
cemic variability, as measured by SD and CV;, in patients
with cancer and with and without T2D.

There are limited data of associations between
glycemic variability and demographic and clinical
characteristics in patients with colon cancer. This
study identified that a younger age was strongly asso-
ciated with higher SD and CV in patients with T2D
between chemotherapy cycles 1 and 4. This finding
differs from the positive association between age and
glycemic variability noted in the general population
(Gude et al.,, 2017). It is possible that the younger
patients with T2D had other health conditions, such
as obesity, that could have influenced glycemic vari-
ability in this study. Associations between increased
glycemic variability and lower BMI have been reported
in patients with and without T2D (Gude et al., 2017;
Wang et al., 2017); however, this study identified that
higher CV between chemotherapy cycles 1 and 8 and
cycles 1 and 12 was strongly associated with higher
BMI in patients with T2D. Few studies have evaluated
associations between race and glycemic variability,
and study findings have been inconsistent (Echouffo-
Tcheugui et al., 2019; Hill et al., 2011; Kim et al., 2014).
White patients were strongly associated with higher
one-month glycemic variability, as measured by SD
and CV, in patients with T2D. These results should be
interpreted with caution because this study included
few non-White patients.

This study found that 25% of patients with T2D
were taking insulin, and another 25% were only
taking oral diabetes therapy at the time of surgery.
Insulin therapy is typically reserved for patients with
uncontrolled T2D; therefore, the use of insulin at
chemotherapy cycle 8 was strongly associated with
glycemic variability between cycles 1 and 8 and cycles
1 and 12. Further studies are warranted evaluating the
influence of insulin and oral diabetes medications on
glycemic variability in patients with colon cancer who
receive chemotherapy.

Steroid treatment, commonly prescribed as a che-
motherapy premedication, results in hyperglycemia
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TABLE 5. Spearman’s Correlation Coefficient Between
Demographic and Clinical Characteristics in Patients

With Diabetes (N = 12)

TABLE 5. Spearman’s Correlation Coefficient Between
Demographic and Clinical Characteristics in Patients
With Diabetes (N = 12) (Continued)

Measure X
Preoperative

diabetes®

1 month 0.556**
1year 0.603**
Cycles 1-4 0.621**
Cycles 1-8 0.582**
Cycles 1-12 0.618**
Firstto last cycle 0.596**
Preoperative

glucose

(N=11)

1 month 0.575**
1 year 0.543**
Cycles 1-4 0.55**
Cycles 1-8 0.499**
Cycles 1-12 0.597**
Firstto last cycle 0.499**
Prechemotherapy

glucose

(N=10)

1 month 0.604**
1year 0.414**
Cycles 1-4 0.282
Cycles 1-8 0.253
0.359 0.359
Firstto last cycle 0.225
Age

1 month 0.333
1year 0.224
Cycles 1-4 -0.03
Cycles 1-8 -0.133
Cycles 1-12 -0.024
Firstto last cycle 0.273
Race®

1 month -0.494
1year -0.307
Cycles 1-4 0.087
Cycles 1-8 0.207
Cycles 1-12 0.25
Firstto last cycle 0.075
Gender*

1 month 0.313

1 year 0.483

WWW.ONS.ORG/ONF

sD CV (%)
0.54%* 0.4*
0.567**  0.43**
0.483** 0367+
0.505**  0.394**
0.56%* 0.511%*
0.527**  0.399**
0.359* 0.212
0.326* 0.209
0.122 0.003
0.259 0.118
0.339 0.292
0.154 0.014
0.094 -0.088
0.189 0.052
-0.04 -0.139
0.192 0.135
0.273 0.168
0.112 0.035
0.176 0.212
0.007 -0.42
-0.648*  -0.661*
-0.15 -0.25
-0.19 -0.333
- -0.482
-0.646*  -0.646*
-0.251 -0.139
0.348 0.261
0.126 -
0.075 0.075
0.244 0.174
0.338 -0.048

Continued in the next column

Measure

Gender®
(continued)
Cycles 1-4
Cycles 1-8
Cycles 1-12
Firstto last cycle

Body mass index

1 month

1 year

Cycles 1-4
Cycles 1-8
Cycles 1-12
Firstto last cycle

Married®

1 month

1 year

Cycles 1-4
Cycles 1-8
Cycles 1-12
First to last cycle
Chemotherapy
cycles®

1 month

1 year

Cycles 1-4
Cycles 1-8
Cycles 1-12
Firstto last cycle

Radiation therapy’

1 month

1 year

Cycles 1-4
Cycles 1-8
Cycles 1-12
First to last cycle
Steroid dose during
chemotherapy®
1 month

1 year

Cycles 1-4
Cycles 1-8
Cycles 1-12

NOVEMBER 2022, VOL. 49, NO. 6

X

-0.035
0.087
0.218
0.231

0.214
0.357
0.771
0.8
0.8
0.714

-0.57

-0.563
-0.213
-0.183
-0.282
-0.418

0.052

0.303
-0.32
-0.137

-0.54

0.522
0.48

0.5

-0.564
-0.504
-0.193
-0.169
-0.325

SD CV (%)
-0.035 -0.104
-0.087 -0.26

0.109 -0.218
0.058 -0.346
0.071 -0.286
0.286 0.286
0.257 0.257
0.9* 0.9*
0.8 1**
0.714 0.771
-0.57 -0.418
-0.661* -0.465
0.355 0.355
-0.183 -0.183
-0.169 -0.282
-0.359 -0.12
0.157 0.216
0.275 0.22
0.32 0.32
-0.274 -0.274
-0.121 -0.135
0.522 0.522
0.218 -0.393
0.1 -0.4
-0.655 -0.782*
-0.454 -0.151
-0.025 0.059
0.084 0.241
- 0.313

Continued on the next page
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TABLE 5. Spearman’s Correlation Coefficient Between
Demographic and Clinical Characteristics in Patients
With Diabetes (N = 12) (Continued)

Measure

Steroid dose during
chemotherapy®
(continued)

First to last cycle
Steroid dose over
1year"

1 month

1 year

Cycles 1-4
Cycles 1-8
Cycles 1-12

First to last cycle
Preoperative insulin
use

1 month

1 year

Cycles 1-4
Cycles 1-8
Cycles 1-12
Firstto last cycle
Insulin use
atcycle 8

1 month

1 year

Cycles 1-4
Cycles 1-8
Cycles 1-12
Firstto last cycle
Diabetes medica-
tions at cycle 1

1 month

1 year

Cycles 1-4
Cycles 1-8
Cycles 1-12
Firstto last cycle
Diabetes medica-
tions at last cycle!
1 month

1 year

Cycles 1-4
Cycles 1-8
Cycles 1-12

X

-0.277

-0.69

-0.479
-0.442
-0.283
-0.381
-0.394

0.57

0.307
0.348
0.137

0.387

0.426
0.358
0.782**
0.73*
0.756*
0.478

-0.261
-0.389
0.058

-0.1

-0.348
-0.259
-0.058

0.082

)] CV (%)
-0.034 0.269
-0.762* -0.81*
-0.479 -0.273

0.164 0.224
-0.15 -0.05
-0.048 0.262
-0.212 0.115

0.646* 0.57

0.251 -0.084
-0.348 -0.348

0.274 0.274

0.194 -0.129

0.426 0.142

0.615* 0.666

0.213 0.213

0.822%* 0.822**

0.756* 0.756*

0.657* 0.657*
-0.348 -0.348
-0.453 -0.389
-0.058 -0.058
_O]_ —
-0.609 -0.696*
-0.324 -0.324
-0.174 -0.29
-0.137 -0.27

0.247 0.082

Continued in the next column
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TABLE 5. Spearman’s Correlation Coefficient Between
Demographic and Clinical Characteristics in Patients
With Diabetes (N = 12) (Continued)

Measure X SD CV (%)
Diabetes medica-

tions at last cyclel

(continued)

First to last cycle - 0.2 0.1

*p<0.05, **p<0.01

2No diabetes, n = 0; diabetes, n = 1

®Non-White, n = 1; White, n =0

°Female, n=0; male,n=1

4Not married, n = 0; married, n = 1

¢Number of adjuvant chemotherapy cycles

fRadiation therapy, n = 1; no radiation therapy, n = 0

€Cumulative steroid dose throughout adjuvant chemotherapy
"Cumulative steroid dose over 1 year

‘Number of diabetes medications taken at the start of chemotherapy
INumber of diabetes medications taken at the end of chemotherapy
CV—coefficient of variation

Note. First to last cycle includes all patients who started chemothera-
py but may not have completed 12 cycles.

and increased risk for infections (Clement et al., 2004;
Zylla et al., 2019). Higher one-month glycemic vari-
ability was associated with lower cumulative steroid
dose throughout chemotherapy and over one year
following surgery. This finding, although statistically
significant, may not be clinically meaningful because
there were inconsistencies in steroid use and the
number of glucose measurements among patients.
Further investigation is warranted. This study
attempted to investigate the associations between
positive blood cultures and glycemic variability, but
no patients with T2D, and very few patients without
T2D, experienced positive blood cultures within a
year following surgery.

Strengths and Limitations

The use of the EHR provided an opportunity, although
not prospectively designed, to collect information
on many patients in an efficient, timely, cost-saving
manner (Casey et al., 2016). The ability to evaluate
2,311 glucose values over one year in 58 patients treated
with adjuvant chemotherapy for stage II-III colon
cancer is a strength. The use of the EHR provided the
opportunity to follow a patient’s trajectory through-
out adjuvant chemotherapy treatment and within one
year following surgery. All patients who received che-
motherapy for stage II-III colon cancer were included
in the sample, regardless of the number of cycles they
completed. The small sample size of patients with T2D
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who completed 12 cycles of chemotherapy (n = 8) lim-
ited the study’s ability to identify significant changes
in glycemic variability over time in patients with T2D.

The data sets were limited to patients from a single
institution, and the majority of the patients were White
and from the Midwest. Inherent threats of retrospec-
tive longitudinal studies were present, which may
include selection bias regarding chemotherapy treat-
ment decisions, inaccurate information in the EHR,
missing data, and use of unmatched groups (Casey et
al,, 2016; Gordis, 2014). Despite searching to retrieve
missing data from the EHR, the authors realize there
may be patients with T2D or prediabetes who may not
have been identified. Glucose values were assumed
to be random, and the timing of meals in relation to
the timing of the test was not captured in the EHR. In
addition, the EHR problem list provided limited infor-
mation because it does not include dates of diagnoses.
Information on nutrition status was limited, and BMI
was the only nutrition status indicator collected. Lastly,
the data were not normally distributed, which limited
the ability to perform multiple regression analyses and
identify confounding variables. Statistical methods
were limited to correlational analyses.

Implications for Nursing

Oncology nurses should be aware that, in the general
population, patients with T2D have higher glycemic
variability compared to those without T2D. This is
important because glycemic variability is associated
with complications, such as infection, lower remis-
sion rates, and mortality in patients with hematologic
malignancies (Hammer et al., 2009, 2016; Kuhlman et
al.,2019). These findings revealed that all patients with
stage II-IIT colon cancer are at risk for increased gly-
cemic variability throughout adjuvant chemotherapy.
Oncology nurse clinicians should take the opportu-
nity to discuss the importance of glycemic control
for patients with colon cancer when providing pre-
chemotherapy teaching. Additional topics of glycemic
variability, nutrition, and self-management should be
included in the assessment of patients diagnosed with
T2D and colon cancer. Blood glucose values should
be monitored, and glycemic variability should be cal-
culated as a more complete assessment of glycemic
control in patients receiving chemotherapy.

Research

Study findings provide insight and direction on glyce-
mic variability in patients with colon cancer. Future
research using predictive models to identify risk
factors for higher glycemic variability and cancer-
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KNOWLEDGE TRANSLATION

m Glycemic variability, described as fluctuations in glucose, can
be calculated using serial blood glucose values and reported as
standard deviation and coefficient of variation to assess glycemic
control in patients with cancer receiving chemotherapy.

m Patients with type 2 diabetes (T2D) and stage II-1Il colon cancer
experience higher glycemic variability throughout adjuvant che-
motherapy and within one year following surgery compared to
patients without T2D.

m Glycemic variability is associated with demographic and clinical
characteristics in patients with stage I1-11l colon cancer; associa-
tions differ among patients with and without T2D and by method
of measurement (standard deviation and coefficient of variation).

related symptoms and outcomes in a variety of solid
tumor malignancies can contribute to the develop-
ment of guidelines for improved glycemic control.
Investigations of biomarkers, such as glycemic vari-
ability measures, in cancer symptom research is
consistent with the Oncology Nursing Society’s
research priority to study symptom science related to
precision health and biomarkers (Von Ah et al., 2019).

Future studies of glycemic variability in
patients with cancer should include investigating
demographic and clinical characteristics that con-
tribute to glycemic status. Assessment should include
comorbidities, medications, and timing of glu-
cose assessments in relation to meals. Studies
should include associations between diabetes self-
management and glycemic variability. Future research
should consider the use of a continuous glucose
monitor and time points for assessment of glycemic
variability. Studies with larger samples, longer fol-
low-up, and cohorts of patients with various solid
tumor malignancies will lead to more robust investi-
gations of associations between glycemic variability,
tumor types, social determinants of health, healthcare
use, and cancer-related outcomes.

Policy

The American College of Surgeons’ (2021) Commission
on Cancer recommends on-site nutrition services by
a registered dietitian as part of optimal cancer care.
The authors advocate for cancer centers to offer
diabetes self-management assessment to patients
with T2D before cancer treatment. The American
Nurses Association (2020) promotes the nurse’s role
in care coordination, an essential part of oncology
nursing. Oncology nurses should participate in the
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interprofessional management of glycemic control,
support glycemic variability research, and advocate for
policy change and development of glycemic variability
guidelines in patients with and without T2D.

Conclusion

This study identified that patients with stage II-III
colon cancer and preoperative T2D experienced higher
glycemic variability within one month, throughout
adjuvant chemotherapy, and within one year com-
pared to those without T2D. Patients without T2D
were vulnerable to significant increases in glycemic
variability throughout chemotherapy. Associations
between glycemic variability, measured by SD and CV,
and demographic and clinical characteristics varied by
preoperative T2D status and method of measurement.
In patients with T2D, numerous strong associations
between glycemic variability and demographic and
clinical characteristics were observed. The measure-
ment of glycemic variability in patients treated with
surgery and chemotherapy for stage II-1II colon cancer
is feasible and provides another option for assessment
of glycemic control when HbA1c may be unreliable.
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