
Page 1/17

The association between cancer-related fatigue and
diabetes from pre-chemotherapy to 6-months post-
chemotherapy
Amber Kleckner  (  amber_kleckner@urmc.rochester.edu )

University of Rochester Medical Center https://orcid.org/0000-0002-5088-1139
Ian R. Kleckner 

University of Rochester Medical Center
Eva Culakova 

University of Rochester Medical Center
Michelle Shayne 

University of Rochester Medical Center
Elizabeth K. Belcher 

University of Rochester Medical Center
Abdi Gudina 

University of Rochester Medical Center
AnnaLynn M. Williams 

St Jude Children's Research Hospital
Adedayo A. Onitilo 

Marsh�eld Medical Center
Judith O. Hopkins 

Novant Health
Howard Gross 

Dayton Physicians Network
Karen M. Mustian 

University of Rochester Medical Center
Luke J. Peppone 

University of Rochester Medical Center
Michelle C. Janelsins 

University of Rochester Medical Center

Research Article

Keywords: Cancer-related fatigue, Chemotherapy, Diabetes, Metabolism, Supportive care

Posted Date: February 12th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-220601/v1

https://doi.org/10.21203/rs.3.rs-220601/v1
mailto:amber_kleckner@urmc.rochester.edu
https://orcid.org/0000-0002-5088-1139
https://doi.org/10.21203/rs.3.rs-220601/v1


Page 2/17

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full
License

https://creativecommons.org/licenses/by/4.0/


Page 3/17

Abstract
Purpose

To quantify the impact of diabetes on the trajectory of cancer-related fatigue (CRF) from pre-chemotherapy to 6
months post-chemotherapy for patients with breast cancer compared to non-cancer controls.

Methods

This was a secondary analysis from a nationwide prospective longitudinal study of female patients with breast
cancer undergoing chemotherapy and age-matched women without cancer (controls). CRF was measured using
the Multidimensional Fatigue Symptom Inventory (MFSI) pre-, post-, and 6-months post-chemotherapy in
patients; controls were assessed at equivalent time points. Diabetes status was obtained at baseline. Repeated
measures mixed models estimated the association between CRF and diabetes controlling for cancer (y/n), body
mass index, exercise and smoking habits, baseline anxiety and depressive symptoms, menopausal status,
marital status, race, and education.

Results

A total of 439 patients and 235 controls (age: 52.8±10.5 years) had available data on diabetes status. Diabetes
was twice as prevalent among patients as controls (11.6% vs. 6.8%). Patients had worse fatigue than controls
throughout treatment (p<0.001). Diabetes was associated with worse CRF with a clinically meaningful difference
of 4.7±1.7 points on the fatigue measure in all participants (p=0.009) and patients alone (p=0.030). For MFSI
subdomains, diabetes was associated with worse general (p=0.002), physical (p=0.005), and mental fatigue
(p=0.025) but not worse emotional fatigue or vigor (p>0.14) among patients.

Conclusions

Diabetes was twice as prevalent in women with breast cancer compared to controls, and diabetes was
associated with more severe CRF in patients before and after chemotherapy and at 6 months post-
chemotherapy. Interventions that address diabetes management may also help address CRF during
chemotherapy treatment

Introduction
Cancer-related fatigue affects at least 30-90% of patients [1-3]. Fatigue can also persist long after the cessation
of treatment, as approximately one-third of cancer survivors experience fatigue up to 6 years after cancer
treatment [4, 5]. By de�nition, cancer-related fatigue is chronic, not proportional to recent activity, and not relieved
by additional sleep or rest [6]. Its severity can impair the ability to perform activities of daily living, greatly reduce
quality of life, and increase mortality [6-8]. There are currently few effective preventive strategies or treatments
for cancer-related fatigue, in part because its etiology and pathophysiology are still being characterized. Cancer-
related fatigue has multifactorial etiology including psychological and biological factors, and mechanisms
include, increasingly, metabolic dysfunction [9-11]. For example, obesity, a prevalent metabolic co-morbidity, is a
known risk factor for cancer-related fatigue [6, 12, 13]. 
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Diabetes mellitus is a common metabolic disorder and one of the most common chronic conditions in the United
States with a prevalence of at least 10.5% of all Americans [14]. At the same time, the coexistence of diabetes
and cancer, speci�cally breast cancer, is increasingly common. Diabetes and poor glycemic control are risk
factors for morbidity from cancer and its treatments. For example, in a study by Srokowski et al., patients with
stage I-III breast cancer and diabetes were 1.4-times more likely to be hospitalized for chemotherapy toxicities
than patients without diabetes [15]. In a study among patients with non-Hodgkin’s lymphoma, patients with
diabetes needed more chemotherapy dose adjustments, had more delays between cycles, and had fewer cycles
because of severe side effects compared to patients without diabetes [16]. While glycemic control does not
always worsen with cancer treatment [17], ancillary medications that are commonly prescribed with
chemotherapy such as steroids can interfere with glycemic control and even induce diabetes mellitus [18]. There
is also substantial co-occurrence between symptoms of diabetes, symptoms of cancer, and side effects of
treatment [19]. As such, diabetes is sometimes associated with increased prevalence and severity of speci�c
symptoms/side effects including fatigue, pain, cognitive impairment, anxiety, depression, and chemotherapy-
induced peripheral neuropathy, some of which are pre-existing and some of which develop during cancer
treatment (review [20]). Speci�cally, in a cross-sectional study of 6,188 female breast cancer survivors in China,
diabetes was associated with signi�cantly more severe fatigue, but there was no comparison to people who did
not have cancer. The shared symptomatic burden and potentially overlapping metabolic mechanisms of cancer-
related fatigue and diabetes support a rationale that diabetes might exacerbate cancer-related fatigue before,
during, and after treatment with chemotherapy.

We hypothesized that diabetes would be associated with more severe cancer-related fatigue during curative
chemotherapy treatment for breast cancer and into early survivorship. Using data from a large, nationwide
longitudinal trial that followed female patients with breast cancer from pre-chemotherapy to six months post-
chemotherapy, we assessed whether diabetes was associated with worse fatigue controlling for relevant
demographics, clinical characteristics, and lifestyle behaviors. We also assessed whether diabetes status was
associated with a greater change in fatigue from baseline to post-chemotherapy and baseline to 6 months after
chemotherapy treatment.

Methods

Study design and participants
An observational cohort study was conducted through the University of Rochester Cancer Center (URCC)
National Cancer Institute (NCI) Community Oncology Research Program (NCORP) Research Base to assess the
trajectory of chemotherapy-induced toxicities among breast cancer patients at pre-chemotherapy, post-
chemotherapy, and six months post-chemotherapy; age- and gender-matched controls without cancer provided
data at equivalent time points (URCC 10055; trial registration number: NCT01382082). The full methods and
primary aims of the parent study have been published previously [21, 22]. In the parent study, patients were
recruited from 22 NCORP locations across the United States from 2011-2013.

This was a secondary analysis to assess the effects of diabetes on the trajectory of cancer-related fatigue at
pre-, post-, and 6 months post-chemotherapy. In this study, participants had to be female, have a diagnosis of
stage I to IIIC breast cancer, be scheduled for chemotherapy, be chemotherapy naïve, be at least 21 years of age,
have no central nervous system or neurodegenerative diseases, have no recent major psychiatric illness leading
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to hospitalization, and have no plan to receive radiation therapy concurrent with their chemotherapy.
Additionally, for this analysis, data had to be available for diabetes and fatigue status. Control participants were
matched within �ve years of age to the patient and met all eligibility criteria except for the cancer diagnosis.
Assessment time points occurred at baseline (within the seven days prior to the �rst chemotherapy
administration), post-chemotherapy (within one month of the last chemotherapy administration), and six
months post-chemotherapy (within a one-month range), or at equivalent time points for control participants.
Participants were excluded from this analysis if diabetes status and/or MFSI data were not available at baseline
(of 943 total participants, 269 total participants were excluded; 141 patients with cancer and 128 controls did
not have diabetes status and 24 participants did not have MFSI data at baseline).

Assessment of fatigue
Patient-reported fatigue was assessed using the Multidimensional Fatigue Symptom Inventory-Short Form
(MFSI-SF), which has demonstrated validity among patients with cancer [23]. The MFSI-SF is a 30-item
questionnaire that inquires about how true each statement has been over the last seven days and requests a
response on a �ve-point scale from 0, “Not at all,” to 4, “Very much.” The questionnaire yields a �nal total score
that ranges from -24 to 96 with a greater score indicated greater fatigue. The MFSI-SF also allows for the
measurement of �ve speci�c subdomains of cancer-related fatigue—general fatigue, physical fatigue, mental
fatigue, emotional fatigue, and vigor; for the �rst four subdomains, a higher score indicates worse fatigue,
whereas a higher vigor score indicates less fatigue.

Assessment of demographics and clinical characteristics
including diabetes
Demographic information, clinical characteristics, and lifestyle behaviors were obtained from medical records
and/or self-report via study-speci�c forms at baseline. Diabetes diagnosis was captured as a binary variable (no,
not diagnosed with diabetes, or yes, diagnosed with diabetes). Body mass index (BMI) was calculated from
height and weight at baseline and was used as a continuous variable. Exercise was determined from self-
reported current exercise habits (no or yes = planned physical activity performed to increase physical �tness 3-5
times per week for 20-60 minutes per session at a level that increases breathing rate and induces sweating).
Smoking was also considered as a categorical variable and was determined using self-reported habits, where
Never = smoked <100 cigarettes in their lifetime, Former = smoked ≥100 cigarettes in their lifetime but do not
smoke currently, and Current = currently in the habit of smoking cigarettes. Current menopausal status was
coded categorically as pre-menopausal, peri-menopausal, post-menopausal, or medically induced. Marital status
was determined using self-reported living situation (long term relationship [LTR] = married and living with spouse
or long-term committed relationship and noLTR = single, widowed, separated, or divorced). Race was self-
reported and was analyzed as a binary variable (White or Non-White). Education was considered a binary
variable (<High school, High school graduate, or GED; or At least some college). Hypertension was assessed as a
diagnosis of hypertension and was categorized as yes or no. Anxiety was assessed using the Spielberger Trait
Anxiety Inventory [24]; depressive symptoms were assessed using a single item, “I feel depressed,” with
responses “not at all,” “a little bit,” somewhat,” “quite a bit,” or “very much;” and reading ability, a proxy for
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cognitive reserve, was assessed using the Wide Range Assessment Test-Fourth Edition (WRAT-4) reading
subscale; all were treated as continuous variables [21]. There was <5% missing data for all covariates.

Statistics
All analyses were performed using SAS (version 9.4, SAS Institute, Cary, NC) and JMP Pro (v. 14.1.0, SAS
Institute). The distribution of baseline characteristics was evaluated for those with and without diabetes, and the
mean (standard deviation) and n (%) were reported for continuous and categorical measures, respectively.

Baseline correlations were conducted to determine the effects of cancer and diabetes on fatigue before
chemotherapy using linear regression. To determine the effect of diabetes on the cancer-related fatigue as
measured using total MFSI score over all three time points, a mixed model was developed using a repeated
compound symmetry structure. Relevant covariates were identi�ed from the literature and de�ned a priori—group
(individuals with cancer receiving chemotherapy or individuals without cancer [control]), assessment time point
(pre-chemotherapy, post-chemotherapy, 6 months post-chemotherapy), age, BMI, exercise, and smoking were
�xed in the model. Other potential covariates—menopausal status, marital status, race, education, hypertension,
anxiety, depression, and cognitive reserve—were added sequentially to assess their effects on the parameter
estimate for the in�uence of diabetes on cancer-related fatigue (βDiab). If the p-value for the covariate was <0.1
and/or the effect estimate for diabetes changed more than 10%, the covariate was retained in the model.
Group×time was also �xed in the model. To evaluate the association between diabetes and cancer-related
fatigue within group (cancer or control), a group×diabetes interaction term was added to each model, and then
least square mean estimates were assessed for all pairwise comparisons (Student’s t) for both cancer (diabetes
yes or no) and control (diabetes yes or no). To assess the effects of diabetes on fatigue at post-chemotherapy
and 6 months post-chemotherapy among patients only, an analysis of covariance (ANCOVA) was performed
with baseline fatigue score as a covariate in addition to the other potential covariates as described above. The
primary outcome measure of this secondary analysis was MFSI, total score. Because we also evaluated the
effect of diabetes on the subdomains of the MFSI, we acknowledge that we performed multiple comparisons
and there is risk of type 1 error, but this secondary analysis is hypothesis-generating by nature and results should
be applied prudently and followed up upon in future hypothesis-testing studies. For this analysis, a p-value of
<0.05 was deemed statistically signi�cant.

Results
Among 674 total participants, 439 were patients with cancer and 235 were controls. See Table 1 for a description
of the demographics, clinical characteristics, and lifestyle habits of the cohort. Participants were 52.8±10.5 years
old, 69.6% were overweight or obese, 73.3% were married or in a long-term relationship, 90.5% were White, and
81.9% had at least some college education. Among patients, 26.2% had stage I cancer, 49.9% had stage II, and
18.7% had stage III. A total of 51 patients with cancer had had a diagnosis of diabetes (11.6%), and 16 controls
had diabetes (6.8%, p=0.007, χ2 test).

Baseline associations between diabetes and fatigue
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Figure 1 illustrates the unadjusted total MFSI fatigue scores for patients and controls with and without diabetes.
At baseline (i.e., before chemotherapy treatment), patients had a greater level of fatigue than controls (β±SE =
4.00±0.97, p<0.001), and all participants (patients and controls) with diabetes had a greater level of fatigue than
those without diabetes (β±SE = 3.56±1.48, p=0.017; Supplemental Tables 1A-D). Anxiety explained 35.1% of the
variance in fatigue, followed by depressive symptoms (η2

p=17.4%). Cancer status explained 2.53% of variance,
age explained 1.25%, and diabetes explained 0.88%, which was more than menopausal status, exercise habits,
BMI, and smoking status (0.68%, 0.62%, 0.38%, and 0.32%, respectively). When an interaction term was added to
the model (Group×Diabetes), the term was not statistically signi�cant (p=0.54), suggesting having a cancer
diagnosis and diabetes are each independent risk factors for fatigue.

The effect of diabetes on total fatigue and fatigue subdomains
from baseline to post-chemotherapy and six months post-
chemotherapy
When incorporating data from all three time points, diabetes was signi�cantly associated with worse fatigue
after adjusting for cancer status, time, age, BMI, exercise habits, smoking habits, marital status, menopausal
status, baseline anxiety, and baseline depression as well as several other relevant covariates (Table 2, β±SE =
4.72±1.7, p=0.006), and this relationship held true among cancer patients only (β±SE = 4.33±1.98, p=0.030) but
not controls only due to the larger variation in fatigue values among controls (β±SE = 5.81±3.27, p=0.077).
Diabetes was associated with worse fatigue on all �ve subdomains of the MFSI and reached statistical
signi�cance for general fatigue (p=0.002), physical fatigue (p=0.005), and mental fatigue (p=0.025), though
differences did not reach statistical signi�cance for emotional fatigue (p=0.639) or vigor (p=0.105). Statistical
signi�cance was retained in patients only for general (p=0.004) and mental fatigue (p=0.022). Supplementary
Tables 2A-F depict the �nal models relating diabetes and fatigue with the appropriate covariates for each of the
�ve MFSI subdomains. An interaction between cancer status and diabetes was not seen for the total MFSI score
(p=0.696) or for any of the MFSI subdomains (p>0.209), suggesting that diabetes and cancer are independent
contributors to fatigue (Supplemental Tables 3A- F).

The effect of diabetes on changes in fatigue over the course of
chemotherapy treatment
Next, we performed multivariate regression models to assess the differences in the change in fatigue (MFSI
total) from baseline to post-chemotherapy and baseline to 6 months post-chemotherapy among those with and
without diabetes. We did not observe signi�cant differences in the worsening of fatigue (i.e., change over time)
from baseline to post-chemotherapy between those with and without diabetes in all participants (p=0.45) or
among patients only (p=0.84). Similarly, we did not observe signi�cant differences in the change in fatigue from
baseline to 6 months post-chemotherapy between those with and without diabetes in all participants (p=0.22) or
in patients only (p=0.12), suggesting that those with diabetes recovered to a similar level as those without
diabetes by 6 months post-chemotherapy treatment (Supplemental Tables 4A-F). There was also no interaction
effect between cancer and diabetes (p=0.67 from baseline to post-chemotherapy and p=0.58 from baseline to 6
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months post-chemotherapy), corroborating our previous �ndings that diabetes and cancer contribute to fatigue
independently.

Discussion
This is one of the �rst studies to investigate the interrelationship between diabetes and cancer-related fatigue
using a longitudinal study with both patients undergoing chemotherapy for cancer treatment and individuals
without cancer. We showed that diabetes was signi�cantly more prevalent among patients than individuals
without cancer, diabetes is associated with more severe fatigue to a clinically meaningful degree, and diabetes
and the cancer experience are independent contributors to fatigue, especially general, physical, and mental
fatigue.

These data corroborate our prior �ndings that cancer is associated with signi�cant fatigue especially after
chemotherapy [25] and, additionally, that fatigue is a common symptom among patients with diabetes without
cancer [19]. Our data also build upon �ndings of Hammer et al. from 244 patients with solid tumors undergoing
chemotherapy [26], in which patients were categorized into those without diabetes, with pre-diabetes, and with
diabetes according to baseline glycosylated hemoglobin concentrations (HbA1c); those with pre-diabetes and
diabetes had clinically meaningful greater fatigue in the morning than those without diabetes, and those with
diabetes had greater fatigue in the evening, though differences were not statistically signi�cant [26]. Our data, in
a larger sample size (n=439 patients with cancer plus 235 controls) and different study design, con�rmed this
relationship and achieved statistical signi�cance using a different measure of fatigue (MFSI herein vs. Lee
Fatigue Scale).

These data suggest that clinical control of diabetes is important during cancer treatment. In one study ([28]),
though not all studies (e.g., [29]), adherence to diabetes medications declined from 75% to 25% during treatment
for breast cancer, resulting in elevated HbA1c. Low adherence was associated with more hospitalizations [29].
Unfortunately, we did not have access to medication adherence, clinical control of diabetes, or HbA1c, but it is
possible that poor diabetes medication adherence could be associated with worse fatigue. In addition,
antiemetics and steroids are commonly prescribed in conjunction with chemotherapy and can adversely affect
glycemic control. Metformin, a common drug to stabilize blood glucose among people with diabetes, is a
promising antineoplastic agent [30, 31] and future research should assess its e�cacy to ameliorate supportive
care outcomes.

Our results corroborate previous literature that describes risk factors for fatigue (review [6]) and interventional
studies treating fatigue—namely age (age was associated with less fatigue), exercise habits (regular exercise
protected against fatigue) [6], baseline anxiety and depression (strong positive correlations) [6, 32], menopausal
status (medically induced menopause was associated with the worst fatigue, followed by peri- and post-
menopausal status, followed by pre-menopausal status) [33, 34], BMI (obesity was associated with worse
fatigue than normal weight, especially for physical fatigue, e.g., [6, 12]), and smoking habits (current smoking
was associated with worse fatigue) [35]. With the exception of age and menopausal status, these risk factors
can all be addressed via behavioral interventions and highlight the potential for lifestyle interventions (e.g.,
nutrition, exercise, smoking cessation) to ameliorate fatigue before and during treatment via direct or indirect
effects on metabolic health.
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Despite lack of a multiplicative interaction between cancer and diabetes, it is still possible that metabolic
dysfunction, including glucose regulation, plays a role in the etiology and pathophysiology of cancer-related
fatigue. In a study of patients with breast cancer undergoing chemotherapy, patients experienced a worsening of
all aspects of metabolic syndrome including fasting blood glucose, insulin, and HbA1c [36] (fatigue was not
reported in this trial). Metabolic dysfunction can stem from cancer- or treatment-related in�ammation or
neuroendocrine dysfunction, resulting in dysregulation of insulin and other hormones [9]. Metabolic dysfunction
can also result from direct effects of chemotherapy on mitochondrial bioenergetics that can reduce ATP energy
production, especially in muscle (reviews [37, 38]). Exploration into the chemotherapy-induced pathology of
mitochondria in the presence and absence of diabetes [39] and overall metabolic function of pancreatic β-cells
should be the topic of future research.

This study is strong in that it is one of the �rst to speci�cally explore the relationships between diabetes and
cancer-related fatigue by comparing results in patients with cancer to fatigue and diabetes in those who do not
have cancer. It involves a large sample of patients with breast cancer from community oncology clinics
throughout the United States, which allows for generalizability of the results. It also compares patients to
individuals who do not have cancer, allowing us to discern the degree of fatigue that is associated speci�cally
with the cancer experience. Our primary outcome, the MFSI, is the gold standard for fatigue measurement [40]
and is validated among patients with cancer [23]. Our ability to assess fatigue across three important time
points during the cancer experience permitted longitudinal analyses through which we can account for the
variability in fatigue over time among controls as well as assess changes in fatigue from before chemotherapy
to just after and six months after chemotherapy.

However, this study has certain limitations. For example, we could not distinguish between Type 1 and Type 2
diabetes mellitus, which have different pathophysiology, nor did we identify people with pre-diabetes, which
could have been a substantial proportion of our population; similarly, we did not assess HbA1c or HOMA-IR to
validate diabetes status. Additionally, for most controls, medical record veri�cation of diabetes status was not
available.

Despite this, we still observed an association and the true risk of diabetes on fatigue is likely larger than what we
observed. In addition, exercise and smoking habits were self-report, and participants might be more inclined to
report healthier habits than actual. This would lead to non-differential misclassi�cation and therefore more
conservative effect parameters than actual. Further, BMI served to control for excess fat mass, though it is not
always an accurate surrogate [41]. Lastly, this study was predominately White, highly educated, non-smoking
women, so our data should not be generalized to other populations without prudence. This was a secondary
analysis, so our observed relationships between diabetes and cancer-related fatigue should be tested for
replication in future research.

In conclusion, diabetes was twice as prevalent among patients with cancer as non-cancer controls. Also,
diabetes was associated with cancer-related fatigue to a clinically meaningful degree before, during, and after
chemotherapy treatment for female breast cancer patients after controlling for demographics, clinical
characteristics, and lifestyle factors. If these results are true, glycemic control during the cancer experience could
reduce the burden of acute and long-term cancer-related fatigue. Future research is needed to elucidate the
mechanisms underlying fatigue so that we can develop metabolically targeted therapies. In the meantime, it is
important for clinicians to encourage metabolic health, perhaps via healthy lifestyle practices (e.g., diet, exercise,
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healthy sleep habits, not smoking) as soon as possible in the cancer continuum in order to reduce the burden of
diabetes on fatigue.
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Characteristic Total
participants
(n=674)

Cancer with
diabetes
(n=51)

Cancer without
diabetes
(n=388)

Control with
diabetes
(n=16)

Control without
diabetes
(n=219)

Age 52.8±10.5 58.6±8.6 52.5±10.7 53.3±9.8 52.0±10.2

Body mass index          

Underweight or
normal weight (<25
kg/m2)

202 (30.0%) 5 (9.8%) 122 (31.4%) 3 (18.8%) 72 (33.3%)

Overweight (≥25
and <30 kg/m2)

180 (26.7%) 6 (11.8%) 95 (24.5%) 2 (12.5%) 77 (35.6%)

Obese (≥30 kg/m2) 289 (42.9%) 40 (78.4%) 171 (44.1%) 11 (68.8%) 67 (31.0%)

Regular exercise          

  Yes 334 (49.6%) 20 (39.2%) 180 (46.4%) 5 (31.3%) 129 (59.7%)

  No 340 (50.4%) 31 (60.8%) 208 (53.6%) 11 (68.8%) 90 (41.7%)

Smoking habits          

  Never 403 (59.8%) 34 (66.7%) 219 (56.4%) 9 (56.3%) 141 (65.3%)

  Former 198 (29.4%) 16 (31.4%) 117 (30.2%) 6 (37.5%) 59 (27.3%)

  Current 64 (9.5%) 1 (2.0%) 47 (12.1%) 1 (6.3%) 15 (6.9%)

Menopausal status          

  Pre-menopausal 209 (31.0%) 4 (7.8%) 136 (35.1%) 4 (25.0%) 65 (30.1%)

  Post-menopausal 346 (51.3%) 34 (66.7%) 200 (51.5%) 7 (43.8%) 105 (48.6%)

  Peri-menopausal 67 (9.9%) 6 (11.8%) 27 (7.0%) 3 (18.8%) 31 (14.4%)

  Medically induced 52 (7.7%) 7 (13.7%) 25 (6.4%) 2 (12.5%) 18 (8.3%)

Marital status          

Married/long-term
relationship

494 (73.3%) 33 (64.7%) 289 (74.5%) 8 (50.0%) 164 (75.9%)

Single, divorced,
widowed, separated

180 (26.7%) 18 (35.3%) 99 (25.5%) 8 (50.0%) 55 (25.5%)

Race          

  White 610 (90.5%) 37 (72.5%) 354 (91.2%) 15 (93.8%) 204 (94.4%)

  Other 64 (9.5%) 14 (27.5%) 34 (8.8%) 1 (6.3%) 15 (6.9%)

Education          

  High school/GED or
less

122 (18.1%) 15 (29.4%) 84 (21.6%) 3 (18.8%) 20 (9.3%)

  At least some 552 (81.9%) 36 (70.6%) 304 (78.4%) 13 (81.3%) 199 (92.1%)
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college

Hypertension          

  Yes 194 (28.8%) 35 (68.6%) 99 (25.5%) 9 (56.3%) 51 (23.6%)

  No 479 (71.1%) 16 (31.4%) 288 (74.2%) 7 (43.8%) 168 (77.8%)

Baseline anxiety* 33.4±12.0 36.9±13.3 36.0±12.3 26.8±5.7 28.4±9.8

Baseline
depression†

0.58±0.87 0.73±0.92 0.67±0.91 0.75±1.13 0.37±0.72

Baseline cognitive
reserve‡

63.1±5.4 61.5±7.7 62.8±5.7 64.4±4.1 63.8±4.1

Cancer stage          

 I   15 (29.4%) 100 (25.8%)    

 II   21 (41.2%) 198 (51.0%)    

 III   11 (21.6%) 71 (18.3%)    

 Unknown   4 (7.8%) 19 (4.9%)    

*Anxiety was measured using the Spielberger Trait Anxiety Inventory 
†Depression was assessed using item 21 on the Multidimensional Fatigue Symptom Inventory-Short Form
‡Reading ability, a proxy for cognitive reserve, was assessed using the Wide Range Assessment Test-Fourth
Edition (WRAT-4) reading subscale

Table 2. The association between diabetes and cancer-related fatigue*

  All participants (n=674) Patients only (n=439) Controls only (n=235)

  Mean
difference†

SE p-
value

Mean
difference

SE p-
value

Mean
difference

SE p-
value

Total
MFSI

4.716 1.711 0.006‡ 4.325 1.983 0.030‡ 5.805 3.273 0.077

General
fatigue

1.812 0.594 0.002‡ 1.988 0.691 0.004‡ 1.749 1.127 0.121

Physical
fatigue

1.280 0.457 0.005‡ 0.945 0.529 0.075 2.222 0.878 0.012‡

Mental
fatigue

1.034 0.460 0.025‡ 1.223 0.533 0.022‡ 0.500 0.883 0. 572

Emotional
fatigue

0.153 0.326 0.639 0.171 0.376 0.648 0.018 0.612 0.976

Vigor -0.739 0.455 0.105 -0.529 0.529 0.318 -1.284 0.867 0.139

*Models were adjusted as described in the Methods section for age, race, marital status, education, body mass
index, menopausal status, exercise habits, smoking habits, anxiety, depression, and/or cognitive reserve
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†Mean difference estimates denote the difference between participants with diabetes (n=67) and participants
without diabetes (n=607)

‡ p<0.05

Figures

Figure 1
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Unadjusted total score for the Multidimensional Fatigue Symptom Inventory (MFSI) for patients with cancer
(diamonds) and control participants without cancer (circles) from baseline (pre-chemotherapy) to post-
chemotherapy and 6 months post-chemotherapy, or equivalent time points for controls. Darkened markers
indicate those with a diagnosis of diabetes and open markers are those without diabetes. There is a possible
MFSI total score of -24 to 96 with a higher score indicating greater fatigue. Error bars depict 95% con�dence
interval. Figure was produced in Microsoft Excel 2016.


