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Background: Growing evidence suggests that cancer and diabetes may share common risk
factors such as age, race/ethnicity, obesity, insulin resistance, sedentary lifestyle, smoking, and
alcohol consumption. However, little is known about how habitual sleep duration (a known
cardiometabolic risk factor) may affect the relationship between cancer and diabetes. The aim
of this study was to investigate whether sleep duration moderated the relationship between
history of cancer and diabetes.

Methods: Data were extracted from the National Health Interview Survey dataset from 2004 to 2013
containing demographics, chronic diseases, and sleep duration (N=236,406). Data were analyzed
to assess the moderating effect of short and long sleep durations on cancer and diabetes mellitus.
Results: Our findings indicate that short sleep (odds ratio [OR] =1.07, 95% CI =1.03-1.11,
P<0.001) and long sleep (OR =1.32, 95% CI =1.26-1.39, P<0.001) were associated with diabetes
mellitus in fully adjusted models. However, only long sleep duration significantly moderated the
relationship between cancer and diabetes (OR =0.88, 95% CI =0.78-0.98, P<0.05).
Conclusion: Our findings indicate that for cancer survivors, short sleep was associated with
higher self-reported diabetes and long sleep duration may act as a buffer against diabetes mel-
litus, as the likelihood of self-reported diabetes was lower among cancer survivors who reported
long sleep duration.

Impact: Findings from the current study have clinical and public health implications. Clini-
cally, comprehensive sleep assessments and sleep interventions to improve sleep are needed for
cancer survivors who have comorbid diabetes. Our findings can also spur public health reform
to make sleep an important component of standard cancer survivorship care, as it reduces other
chronic disease like diabetes.
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Introduction

Individuals with diabetes mellitus (DM), otherwise known as type II diabetes, are at
increased risk for cancer, and cancer patients are at increased risk for DM.!= To address
this public health issue, both the American Diabetes Association and the American
Cancer Society proposed to investigate the following: 1) whether there is a meaning-
ful relationship between cancer and diabetes; 2) the risk factors common between
cancer and diabetes; 3) the biological mechanisms between cancer and diabetes; and
4) whether diabetes treatment increases cancer risk or vice versa. Although all four
questions remain relatively unsatisfactorily answered, to date progress has been lim-
ited to observations of biological mechanisms between cancer and diabetes.’ While
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the exact mechanisms linking diabetes and cancer remain
largely unclear, two categories of possible underlying hypoth-
esis include behavioral/lifestyle (eg, alcohol, diet, obesity,
smoking, and physical activity) and biological (eg, insulin
resistance, inflammatory cytokines, and oxidative stress)
roots.* Of the possible biological mechanisms, a decrease in
cell mitochondrial metabolic activity as well as mitochondrial
dysfunction represent the most robust mechanisms linking
DM to cancer.’ However, since our understanding of these
mechanisms is incomplete at best, the translation of these tar-
gets into actual interventions has been slow. These limitations
highlight the need for better understanding of the potentially
modifiable behavioral factors that are associated with DM
and cancer and how behavior influences pathophysiological
mechanisms (mainly hypoxia and cell mitochondrial dysfunc-
tion and damage) that undergird DM and cancer.

Little is known about behavioral/lifestyle factors that influ-
ence the pathophysiology of cancer and DM and which behav-
ioral factors affect the hypoxia and mitochondrial cell damage
that are commonly observed among individuals with cancer
and/or DM. Adequate hydration is one potentially effective
behavioral strategy that may address or prevent mitochondrial
cell inactivity and dysfunction. Adequate hydration optimizes
and regulates homeostatic cell function and potentially
mitigates the harmful effects of oxidative stress by binding
to free radicals that would produce mitochondrial disease, a
precursor to DM (ie, deterioration of 3 cell functioning) and
cancer.’? Mitochondrial dysfunction caused by cell dehydra-
tion may be due to oxygen desaturation, hypoxia, and poor
oxidative metabolism.® Laboratory investigations indicate that
chronic sleep deprivation in mice may also be responsible
for mitochondrial dysfunction, specifically impairment of
the mitochondrial electron transport chain in the brain.” In
human studies, patients with obstructive sleep apnea, a sleep
disorder marked by chronic sleep deprivation, are susceptible
to mitochondrial DNA damage and dysfunction induced by
the increase of oxidative stress caused by hypoxia (intermittent
loss of oxygen during sleep).®?

Despite initial evidence linking cancer to diabetes, as
well as sleep deprivation to cancer and to DM, the relation-
ship among cancer, diabetes, and sleep duration in humans
remains largely underexplored (Figure 1). The purpose of
the current study is to investigate whether short or long sleep
duration moderates the relationship between cancer and DM.
We hypothesize that short sleep duration would strengthen
the relationship between cancer and DM diagnosis, while
long sleep duration would weaken/attenuate the relationship
between cancer and DM diagnosis.

Figure | Conceptual framework for the moderating effects of sleep duration on the
relationship between cancer and DM.
Abbreviation: DM, diabetes mellitus.

Materials and methods

The study was approved by the Centers for Disease Control
and Prevention (CDC) ethical review board, and all participants
signed informed consents before participating. Data for this
study emanated from a total of 236,406 Americans (age range:
18-85 years) who participated in the 2004—2013 National
Health Interview Survey (NHIS). The NHIS is conducted
annually by the National Center for Health Statistics, CDC.
The NHIS comprises a complex multistage area probability
design providing a representative sample of US households
from all 50 states and the District of Columbia. Data are stored
in a public repository that is freely accessible online and can be
downloaded and coded by an experienced biostatistician using
available coding and analytic instructions provided by the CDC.

Procedures and measures

Data for the 2004—2013 NHIS was obtained through face-to-
face interviews and questionnaires, including self-reported
sociodemographic data (e.g., age, sex, race/ethnicity, aver-
age family income, and education) and physician-diagnosed
chronic conditions or diseases such as hypertension, diabetes,
coronary heart disease, cancer, kidney disease, stroke, and
myocardial infarction. In the present analysis, we included
several variables including sleep duration, race/ethnicity, and
history of physician-diagnosed cancer and DM.

Sleep duration

Sleep duration was assessed by asking participants the fol-
lowing question: “On average, how many hours of sleep do
you get in a 24-hour period?”’ Participants estimated habitual
sleep duration using full hour units, i.e., 5, 6, and 7 hours.
Sleep duration was categorized into two groups: short sleep
duration (<6 hours)'? and long sleep duration (=9 hours);!"+!2
individuals reporting 7-8 hours of sleep were used as the
reference group (“healthy sleep duration”).

Covariates
Several important covariates were adjusted in our analyses.
They included information about participants’ annual family
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income and body mass index (BMI; measured in kg/m?).
Additionally, analyses also considered history of chronic
diseases or health conditions, such as hypertension and
depression as covariates.

Statistical analyses

Analyses included adults aged >18 years with complete data.
Frequency and measures of central tendency were used to
describe the sample. In preliminary analyses, Pearson and
Spearman correlations were used to explore relationships
between variables of interest — sleep duration, self-reported
cancer history, and potential covariates (age, race/ethnicity, sex,
BMI, smoking history, and habitual alcohol beverage consump-
tion). Only factors that were significantly associated with sleep
duration (a P-value <0.05) — age, race/ethnicity, and sex — were
considered in the final regression models. We utilized multi-
variable logistic regression modeling to test the relationship
between sleep duration (short or long sleep duration) and DM
adjusting for covarying effects of age, race/ethnicity, and sex,
among individuals with and without a cancer history. Specifi-
cally, we created two models (one for short sleepers and the
other for long sleepers) investigating the relationship between
short sleep duration in model 1 and long sleep duration in model
2 and DM. The IBM Corporation released 2013 SPSS Statistics
for Windows, Version 23.0, (IBM Corporation, Armonk, NY,
USA), was used for all statistical analyses.

Results

Descriptive statistical analyses indicate that of the partici-
pants who reported DM: 53.9% were female, 23.1% identi-
fied as Black/African American, had a mean age of 61.67
years, 13.9% reported long sleep duration, 27.9% reported
short sleep duration, 15.7% had a history of cancer, 90.4%

had medical insurance coverage, and had an average BMI of
30.63 kg/m? (which is considered within the obesity range)
(Table 1). All abovementioned prevalence factors were sta-
tistically significant compared to individuals who reported
no history of DM. This indicates that individuals with DM
are more likely to have long sleep, short sleep, and a history
of cancer than individuals without DM. Individuals with DM
in the sample were also older, less likely to be female, more
likely to be black, had higher BMI, and were more likely to
be insured compared to individuals without DM.

In our regression analyses, a history of cancer, short and
long sleep durations were associated with DM. Specifically
in our fully adjusted models (controlling for age, sex, and
race/ethnicity), participants with a cancer history were 9%
more likely to report DM, compared to participants who
did not have a history of cancer. Additionally, short sleep
(odds ratio [OR] =1.07, 95% CI =1.03-1.11, P<0.001) and
long sleep (OR =1.32, 95% CI =1.26-1.39, P<0.001) were
associated with DM in fully adjusted models. We also found
that the interaction between cancer and short sleep duration
was not significantly associated with DM (OR =1.08, 95%
CI =0.98-1.19, P=0.101) (Table 2). However, there was a
significant interaction between long sleep and cancer history
on the presence of DM (Table 3). Looking at the conditional
effects of cancer on DM, individuals without long sleep
were 13% more likely to report diabetes (OR =1.13, 95%
CI = 1.07-1.18; P< 0.001). In individuals with a cancer
history and long sleep, the conditional effect of cancer
on DM is not significant (OR =0.99, 95% CI =0.89-1.10;
P=0.811). Therefore, individuals with a cancer history who
did not report long sleep had 12% greater odds of having
DM compared to individual with a cancer history who had
long sleep.

Table | Characteristics of participants with or without DM (N=236,406)

Variable Total sample Self-reported No diabetes P-value
(N=236,406) diabetes (N=214,867)
(N=21,539)

Long sleep 20,799 (8.8%) 2,988 (13.9%) 17,811 (8.3%) <0.001
Short sleep 63,030 (26.7%) 6,015 (27.9%) 57,015 (26.5%) <0.001
History of cancer 20,334 (8.6%) 3,384 (15.7%) 16,950 (7.9%) <0.001
Age (years) 47.92 (18.02%) 61.67 (14.03%) 46.54 (17.80%) <0.001
Female 130,026 (55.0%) 11,610 (53.9%) 118,416 (55.1%) 0.001
Black/African American 39,504 (16.7%) 4,968 (23.1%) 34,536 (16.1%) <0.001
BMI 27.32 (5.27%) 30.63 (5.78%) 26.99 (5.10%) <0.001
Insured 195,291 (82.6%) 19,464 (90.4%) 175,827 (81.8%) <0.001

Notes: Diabetes, DM; BMI in kg/m? insured, does the individual have any medical coverage private or public.

Abbreviations: BMI, body mass index; DM, diabetes mellitus.
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Table 2 The moderating role of short sleep duration in the relationship between cancer and DM

Variable With no interaction® Unadjusted® Fully adjusted®

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Cancer 2.18 (2.09-2.27) <0.001 2.19 (2.09-2.30) <0.001 1.09 (1.03-1.14) 0.001
Short sleep (<6 hours) 1.08 (1.05-1.11) <0.001 1.08 (1.05-1.12) <0.001 1.07 (1.03-1.11) <0.001
Interaction (short sleep X cancer) n/a n/a 0.97 (0.89-1.07) 0.574 1.08 (0.98-1.19) 0.101

Notes: Cancer, self-reported physician diagnosis of cancer (all types); short sleep, <6 hours of average daily sleep duration over a 24-hour period. *Model without interaction
variable; "unadjusted model where covariates were not adjusted; “regression model that adjusted for age, sex, and race/ethnicity. Significant P<0.05; P<0.001.

Abbreviations: DM, diabetes mellitus; OR, odds ratio.

Table 3 The moderating role of long sleep duration in the relationship between cancer and DM

Variable With no interaction® Unadjusted® Fully adjusted®

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Cancer 2.12 (2.04-2.21) <0.001 2.18 (2.09-2.28) <0.001 1.13 (1.07-1.18) <0.001
Long sleep (29 hours) 1.71 (1.64-1.79) <0.001 1.77 (1.03-1.11) <0.001 1.32 (1.26-1.39) <0.001
Interaction (long sleep x cancer) n/a n/a 0.83 (0.74-0.92) <0.001 0.88 (0.78-0.98) 0.027

Notes: Cancer, self-reported physician diagnosis of cancer (all types); long sleep, 29 hours of average daily sleep duration over a 24-hour period. *Model without interaction
variable; Punadjusted model where covariates were not adjusted; ‘regression model that adjusted for age, sex, and race/ethnicity. Significant P<0.05; P<0.001.

Abbreviations: DM, diabetes mellitus; OR, odds ratio.

Discussion

Our findings that short sleep duration, long sleep duration,
and cancer history are independently associated with DM are
consistent with previous evidence.!*"'® These findings make
two significant contributions to the literature. First, though
short and long sleep durations are associated with DM, our
finding that long sleep has a greater association with DM
compared to short sleep is novel. Previous studies have indi-
cated a U-shape relationship between sleep duration (short
and long sleep) and DM. Second, our finding that long sleep
was a stronger moderator in the cancer-DM relationship, as
opposed to short sleep duration and cancer, is inconsistent
with our a priori hypothesis, since short sleep is generally
associated with adverse health outcomes. Plausibly, these
anomalous findings might be explained by clinical, biologi-
cal/etiological, and methodological factors.

Although the strong association between long sleep
duration and DM is novel, previous studies have found a
similar relationship between sleep duration and stroke.!”
It is important however to note that DM is an important
underlying risk factor for stroke, and many patients with
stroke have either insulin resistance, dysglycemia/pre-
diabetes, or undiagnosed DM.!® Though we are unable to
espouse any casual mechanisms linking long sleep with
DM, it is likely that long sleep may be a consequence
of DM or an underlying cardio-metabolic condition (eg,
metabolic syndrome). Also, the relationship between long
sleep duration and DM may be attributed to an underlying
sleep disorder, emotional distress, or mental health issues,

which have been linked to DM.!? It is also important to
note that the magnitude of the association between long
sleep and DM was only greater than the magnitude of the
association between short sleep and DM in models adjusted
for cancer history.

Based on our findings, long sleep duration marginally
moderated the relationship between cancer and DM, such
that cancer survivors who reported long sleep duration had a
12% lower likelihood of reporting DM. This finding is novel
because previous studies indicate that long sleep duration is
associated with increased cardiovascular disease and DM
risk.!* There are two possible interpretations for our findings.
First, long sleep duration may buffer the relationship between
cancer and DM. Specifically, long sleep duration among
cancer survivors may have unique cardiovascular health
benefits. Prior evidence indicating that cancer survivors
are at increased risk for short sleep duration, which in turn
increases their risk for cardiovascular disease and mortality
supports our argument that long sleep duration, may have
health benefits for cancer survivors, specifically in DM risk
reduction.?! Second, some of the inconsistencies observed
in our study may be attributed to the nuances of how sleep
impacts certain types of cancers, where several studies have
found that long sleep duration is positively associated with
colorectal cancer and inversely associated with hormone-
derived cancers (like breast cancer).? Perhaps for our study,
long sleep only confers health benefits for individuals who
suffer from a hormone-related cancer, and therefore reducing
the likelihood of developing DM.?
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Our findings that cancer and short sleep duration
increased an individual’s risk for DM are consistent with
previous work, as mentioned earlier. However, our finding
that short sleep duration did not significantly moderate the
relationship between cancer and DM is not consistent with
our hypothesis, which we hypothesized would exacerbate
the relationship. These findings can be interpreted in two
ways. First, they reinforce the main effects of cancer and
short sleep duration on DM. Second, the nonsignificance
of the interaction between cancer and short sleep could be
attributed to effects confounders, such as obesity and sleep
disorders (eg, sleep apnea).?**

Limitations and future directions
Although our study found several interesting results, there
are a few limitations that should be noted. First, the cross-
sectional design of the NHIS prohibits establishing any
causal links between cancer and diabetes. Second, the lack
of objective sleep duration, diabetes and cancer diagnosis
and clinical (insulin resistance) data are subject to self-report
bias and prevented us from testing biological mechanisms
that undergird the relationship among cancer, sleep, and DM.
Third, we did not account for whether our main findings vary
by type of cancer through subgroup analyses, which could
provide nuanced insight on how certain cancers are related
to short or long sleep durations and how the interaction of
these specific types of cancers with sleep duration is associ-
ated with DM.

To address some of these limitations, future studies
should: 1) investigate the longitudinal effects of cancer and
sleep duration on DM; 2) utilize objective data to assess
whether and how short or long sleep durations affect the
shared biological etiology of cancer and DM; 3) investigate
if our findings vary across different cancer types; and 4)
check whether long sleep duration has a similar protective
effect on other cardiovascular or cardiometabolic conditions
other than DM.

Conclusion

Our findings demonstrate that cancer history as well as short
or long sleep durations are independently associated with
DM and might increase an individual’s likelihood of having
DM. However, short sleep did not significantly moderate
the relationship between cancer and DM, while long sleep
duration did suggest that cancer survivors who reported
long sleep duration were less likely to report DM. Although
these findings do not provide mechanistic insights into glu-
cose homeostasis derangements and DM development and

maintenance among cancer survivors, they highlight the
importance of sleep as a preventive strategy to stave off DM
among cancer survivors. We expect that these findings will
help clinicians, interventionists, and health policymakers
to integrate sleep as a core feature in cancer survivorship
care to reduce risk of comorbid conditions such as DM. A
tangible and easy-to-adapt method is to include sleep as part
of standard medical screening, assessment, and treatment for
cancer survivors, especially individuals at high risk for DM.

The abstract of this paper was presented at the 2016
SLEEP Conference as a poster presentation with interim find-
ings. The poster’s abstract was published in “Poster Abstracts”
in SLEEP. Please see reference: Sleep. 2016:39:A271-A271.
DOI: EMBASE:72303638.
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