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Abstract

Aim. The objective of this study was to examine whether diabetes-related symptoms (e.g.,
fatigue, neuropathic pain, diabetes distress, and depressive symptoms) were related to sleep
disturbance and sleep-related impairment in adults with type 2 diabetes while controlling for
potential covariates.

Background. In people with type 2 diabetes, sleep disturbance and sleep-related impairment
are common and likely associated with diabetes-related symptoms. However, limited research
has investigated the predictive ability of diabetes-related symptoms on sleep.

Design. A correlational, cross-sectional design was used.

Methods. Data were collected at a large university in the Midwestern United States from
September 2013 to March 2014. Multiple linear regression analyses were used to examine the
relationship of diabetes-related symptoms (fatigue, neuropathic pain, distress, and depressive
symptoms) to sleep disturbance and sleep-related impairment. The instruments included
Patient-Reported Outcomes Measurement Information System instruments, Diabetes
Symptom Checklist, and Diabetes Distress Scale.

Findings. In this study of adults with type 2 diabetes (» = 90; 52.2% female, mean age 57.4
years), gender, A1C, neuropathic pain, and fatigue were significantly related to sleep
disturbance when age, diabetes duration, depressive symptoms, and distress were controlled.
Those variables collectively explained 52% of the variation in sleep disturbance. Fatigue was
significantly associated with sleep-related impairment when the same covariates were

controlled.
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Conclusion. Findings suggested that diabetes-related symptoms, including neuropathic pain
and fatigue, are strongly related to sleep disturbance and sleep-related impairment in adults
with type 2 diabetes, underscoring the need to include detailed assessments of neuropathic
pain and fatigue when evaluating sleep.

Keywords: fatigue, neuropathy, nursing, sleep disturbance, sleep-related impairment,

symptom, type 2 diabetes



Predictors of Sleep in Diabetes — Page 3

SUMMARY STATEMENT

Why is this research needed?

*  Sleep disturbance and sleep-related impairment are pervasive in patients with type 2
diabetes but is under-researched.

* Diabetes-related symptoms (e.g., fatigue, distress, neuropathic pain, and depressive
symptoms) are common, and likely affect the sleep in patients with type 2 diabetes.

* Limited research has investigated the predictive ability of diabetes-related symptoms on
sleep outcomes in patients with type 2 diabetes.

What are the key findings?

* Inaddition to female gender, neuropathic pain and fatigue were related to sleep
disturbance in patients with type 2 diabetes.

* Fatigue was associated with sleep-related impairment in patients with type 2 diabetes,
while controlling for covariates.

How should the findings be used to influence policy/practice/research/education?

*  Future research investigating the sleep disturbance and sleep-related impairment should
consider the possible confounding effect of neuropathic pain and fatigue, and thus
include them in the assessment.

»  Clinical nurses should address diabetes-related symptoms, including neuropathic pain
and fatigue, in those who have sleep disturbance.

*  Nursing education should emphasize the importance of effective neuropathic pain and

fatigue management in reducing sleep-related problems.



Predictors of Sleep in Diabetes — Page 4

INTRODUCTION

Diabetes was the seventh leading cause of death (Centers for Disease Control and Prevention,
2017). In 2015, the prevalence of diagnosed diabetes in adults (aged 18 years or older) and
children (younger than age 18 years) were 9.3% and 0.18%, respectively. Approximately 95%
of all cases of diabetes were type 2 diabetes (T2DM) (Centers for Disease Control and
Prevention, 2017). By 2030, there will be an over 20% increase in numbers of adults with
diabetes; multiple physiological and behavioral factors are considered candidates for being
responsible for this increase (Shaw, Sicree, & Zimmet, 2010), among which sleep may play a
role (Knutson, Spiegel, Penev, & Van Cauter, 2007). Growing evidence suggests that sleep
disturbance is a risk factor for T2DM (Anothaisintawee, Reutrakul, Van Cauter, &
Thakkinstian, 2016; Barone & Menna-Barreto, 2011; Reutrakul & Van Cauter, 2014; Shan et
al., 2015). In people with established T2DM, sleep disturbance is common; prevalence
estimates range from 42% to 76.8% (Gupta & Wang, 2016; Nasseri, Malek, Aghili, Valojerdi,
& Khamseh, 2015; Nefs et al., 2015). Sleep disturbance may be related to glycemic control
(Lee, Ng, & Chin, 2017; Zhu, Hershberger, Kapella, & Fritschi, 2017). Similarly,
sleep-related impairment (SRI) may impair daytime functioning essential for diabetes
self-care; this could result in poor glycemic control (Knutson, Ryden, Mander, & Van Cauter,
2006; Trento et al., 2008; Tsai et al., 2012). Despite the high prevalence of sleep disturbance
and the adverse consequences of SR, little is known about the specific etiological factors for

them in adults with T2DM.
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Background
Sleep is a fundamental human need but has been under-researched in people with T2DM.
Sleep disturbance is individuals’ subjective perceptions of their sleep quality and related sleep
problems. Sleep-related impairment (SRI) is another important but distinct construct, defined
as individuals’ perceptions of functional impairments during wakefulness associated with
sleep problems (PROMIS, 2017a). Individual sleep requirements and characteristics change
across the lifespan and vary in relationship to age, gender, and physical activity (PA) levels.
Age has been associated with sleep measured objectively and subjectively (Dillon et al., 2014;
Ohayon, Carskadon, Guilleminault, & Vitiello, 2004; Ramtahal et al., 2015). Gender
differences in sleep outcomes are common; women report more sleep disturbance than men
(Arber, Bote, & Meadows, 2009; Smagula, Stone, Fabio, & Cauley, 2016). Women with
T2DM have a higher risk for sleep disturbance (Gupta & Wang, 2016). A bidirectional
association has been suggested between PA and sleep; habitual PA may reduce sleep
disturbance (Sherrill, Kotchou, & Quan, 1998), while sleep restriction may decrease the
amount and intensity of PA (Bromley, Booth 11, Kilkus, Imperial, & Penev, 2012).
Additionally, greater daily PA is associated temporally with less sleep time; and prior-day
sleep quality can affect next-day PA (Lambiase, Gabriel, Kuller, & Matthews, 2013). A
recent meta-analysis also demonstrated a beneficial effect of regular PA on sleep (Kredlow,
Capozzoli, Hearon, Calkins, & Otto, 2015).

Diabetes-related symptoms are common (e.g., fatigue, neuropathic pain, diabetes distress,
and depressive symptoms). For instance, the prevalence of distress and depressive symptoms

in people with T2DM was 36% (Perrin, Davies, Robertson, Snoek, & Khunti, 2017) and 56.1%
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(Sun et al., 2016), respectively. Those symptoms are typically self-reported. Self-reported
symptoms are the patients’ interpretation of physical and psychological indicators of their
health, and subjective symptom assessments are commonly used when objective measures are
unavailable (Patrick, Guyatt, & Acquadro, 2008). Importantly, clinical outcome measures
(e.g., laboratory tests) have minimal immediate relevance to the daily functioning of patients
with chronic diseases, including diabetes. Patients’ self-reported perceptions of changes in
symptoms may be an additional method for evaluating treatment effectiveness (Cella ez al.,
2010). Diabetes-related symptoms likely affect sleep in people with diabetes. Although a
prior study (Gupta & Wang, 2016) has investigated factors related to sleep disorders in adults
with T2DM, little is known regarding the predictive ability of self-reported diabetes-related

symptoms on sleep outcomes.

THE STUDY

Aim

The aim of this study was to examine whether diabetes-related symptoms (i.e., fatigue,
neuropathic pain, diabetes distress, and depressive symptoms) were related to sleep
disturbance and SRI in adults with T2DM while controlling for potential covariates (i.e., age,
gender, and PA).

Design

This was a secondary analysis using a correlational, cross-sectional design.

Participants

The primary study examined temporal associations among real-time PA, glucose levels, and

fatigue in adults with T2DM. A total of 91 adults aged 45 years or over with T2DM for
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greater than one year were recruited by convenience sampling. Exclusion criteria were
conditions limiting their ability to perform a 6-minute walk test; fiboromyalgia; kidney disease;
and current cancer therapy or not out of remission for at least one year.

Data collection

Participants were recruited through online postings, flyers, and word of mouth. Data were
collected at a large urban university in the Midwestern United States from September 2013 to
March 2014. The primary study consisted of three visits, and baseline data used in this study
were collected at the first visit.

Ethical considerations

The study was approved by the University of Illinois at Chicago Institutional Review Board.
Potential participants were given a detailed explanation of the study by the research team and
then given time to read through the consent and ask questions. Written, informed consent was
obtained from those who agreed to participate prior to data collection. Participants were
informed of their right to withdraw at any phase of the study and given copies of the signed
consent form.

Data analysis

Stata 13.0 (StataCorp LP, College Station, Texas) was used for statistical analysis. Prior to
data analysis, missing data and assumptions underlying different statistical analyses were
checked. Descriptive statistics [n (%) or x (SD)] were examined. Independent ¢-tests were
used to compare differences between two groups. Pearson correlation analyses were
conducted to examine the bivariate relationships between continuous variables (e.g.,

diabetes-related symptoms and sleep parameters). Pairwise deletion was used due to the small
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number of missing data (< 1%), and multiple regression models were run. The outcome
variables were (1) sleep disturbance and (2) SRI. The explanatory variables were
biobehavioral factors (age, gender, A1C, and diabetes duration) and diabetes-related
symptoms (neuropathic pain, fatigue, diabetes distress, and depressive symptoms). The final
regression models were based on the literature and bivariate correlations. Preliminary
analysis indicated one case as an outlier, and it was excluded from the analysis. Thus, the
final analysis included data from 90 participants.
Validity and reliability
Biobehavioral factors

Age, gender, and diabetes duration were assessed using a questionnaire developed by the
investigators. Height and weight were measured using a wall-mounted stadiometer and
upright, balanced scale. Waist circumference was measured using a non-elastic tape measure
using established protocols (McArdle, Katch, & Katch, 2001). The index of central obesity
(ICO) was used to quantify central obesity. The ICO is the ratio of waist circumference to
height and provides an additional measure of central obesity rather than waist circumference
alone (Parikh, Joshi, Menon, & Shah, 2007). Habitual PA was measured using the Stanford
Brief Activity Survey (SBAS). The SBAS is composed of two items that evaluate habitual PA
at work and during leisure time throughout the day during the past year. The SBAS can be
used to classify adults into five PA intensity categories: inactive, light, moderate, hard, and
very hard (Taylor-Piliae et al., 2006). The SBAS was tested among 1,010 adults with various
conditions (e.g., hypertension, diabetes, and obesity). SBAS classification at moderate or

greater intensity had a sensitivity of 0.73 and specificity of 0.61 to detect national PA
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recommendations of 150 min/week of moderate or greater intensity activity using Physical
Activity Recall minutes (Taylor-Piliae et al., 2006). Adequate test-retest reliability of the
SBAS in healthy older adults was also reported (Taylor-Piliae et al., 2010).
Glycemic control

A1C was measured using the ALCNow+™ (Bayer Healthcare, Indianapolis, IN). The
A1CNow+™ is a point-of-care analyzer that requires only 5 pL of whole blood and can
provide results within five minutes. ALCNow+™ is National Glycohemoglobin
Standardization Program-certified and has been widely used as a substitute for
high-performance liquid chromatography, due to its high efficiency and portability. Results
obtained from the A1CNow+™ have been found equivalent to laboratory-based methods
(Bode, Irvin, Pierce, Allen, & Clark, 2007).
Self-reported sleep, fatigue, and depressive symptoms

We used the Patient-Reported Outcomes Measurement Information System (PROMIS) to
measure self-reported sleep, fatigue, and depressive symptoms (Cella et al., 2007). In this
study, the computerized adaptive testing (CAT) version for each symptom was used. Use of
CAT allows for more precise estimates of each person’s score for each domain and usually
includes four to seven items. Participants respond to one item per tablet computer screen, and
selection of the next item is guided by the previous response. Measurement precision is
calculated for each unique location along the continuum of a domain. Thus, the subject
burden is low, and high measurement precision is achieved because each participant responds

to only a small set of individually tailored items. PROMIS measures are reported as
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standardized ¢ scores, with a mean of 50 and standard deviation of 10 that references the U.S.
population. A higher score indicates more of the measured symptom (PROMIS, 2017b).
Sleep

The sleep item bank in PROMIS assesses sleep disturbance and SRI. Sleep disturbance
evaluates one’s perceived difficulties in getting to sleep or staying asleep, as well as
perceptions of the adequacy of sleep. It does not provide subjective estimates of sleep
quantities (i.e., sleep duration, time to fall asleep, and the amount of wakefulness during
sleep). Sleep-related impairment measures perceptions of alertness, sleepiness, and tiredness
during waking hours and perceived functional impairment related to sleep problems. The
PROMIS sleep measures have demonstrated higher measurement precision compared with
commonly used sleep instruments (Yu et al., 2012). The validity of the instrument is
supported by significant correlation with SF-36 measures (Nerenz et al., 2011).
Fatigue and depressive symptoms

Fatigue and depressive symptoms over the past seven days were evaluated using
PROMIS. The fatigue item bank assesses the experience of self-reported symptoms of fatigue
(frequency, duration, and intensity), ranging from mild subjective feelings of tiredness to an
overwhelming sense of exhaustion. The physical, mental, and social impact of fatigue is also
captured by PROMIS. The depression item bank assesses self-reported negative mood, views
of self, social cognition, as well as decreased positive affect and engagement (e.g., loss of
interest, meaning, and purpose). In a study of 143 patients with systemic sclerosis, construct
validity of each CAT-administered PROMIS item bank was supported by high correlations

between PROMIS domains and respective legacy measures (» = 0.61-0.82) (Khanna et al.,
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2012). In another validation study conducted in clinic patients, PROMIS measures (including
fatigue and depressive symptoms) were highly correlated with the SF-36, supporting the
validity of PROMIS measures (Nerenz et al., 2011).
Neuropathic pain

Neuropathic pain was evaluated using the polyneuropathic pain subscale (four items) of
the Diabetes Symptom Checklist-Revised (DSC-R) (Grootenhuis, Snoek, Heine, & Bouter,
1994). DSC-R consists of 34 items that measure both the occurrence and perceived burden of
physical/psychological symptoms related to T2DM over the past month. The DSC-R includes
eight subscales that measure the following domains: hyperglycemic, hypoglycemic,
cardiovascular, polyneuropathic sensory, polyneuropathic pain, psychological fatigue,
psychological/cognitive, and ophthalmologic. Each item is scored on a 5-point Likert scale
from 1 = not at all t0 5 = extremely. The domain score is the sum of the items within that
domain; the sum of all eight domain scores results in the total score. A higher score indicates
greater symptom burden. In a study consisting of more than 4,000 patients with T2DM, the
overall Cronbach’s a was 0.94, and the Cronbach’s «a for the subscale of neuropathic pain was
0.76 (Arbuckle ef al., 2009). The respective Cronbach’s as for the overall scale and
neuropathic pain subscale in this study were 0.95 and 0.83, supporting its reliability.
Diabetes distress

Diabetes distress was measured using the Diabetes Distress Scale (DDS) (Polonsky et al.,
2005). The DDS is a self-administered scale consisting of 17 items. It measures four domains
of diabetes-related emotional distress over the past month: emotional burden,

physician-related distress, regimen-related distress, and diabetes-related intrapersonal distress.
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Each item is rated on a 6-point Likert scale. The raw scores are transformed to a 0-to-100
scale. A higher score indicates greater distress. In a study of 683 people with diabetes
(Polonsky et al., 2005), the Cronbach’s as for the total scale and subscales were over 0.87,
indicating adequate internal consistency reliability. A significant relationship between DDS
score and depression score provided evidence for its validity. The Cronbach’s a of the DDS in

this study was 0.94, supporting its reliability.

RESULTS
Participant characteristics

The participants were middle-aged to older adults aged 57.4 (8.0) years and most were
women (52%). The mean duration of diabetes was 8.6 (7.1) years. The participants' mean
A1C level was 7.8% and ranged from 5.0% to 13.0%, suggesting excellent to poor control.
Regarding PA, 42.2% engaged in moderate or greater intensity activity. Overall, the
standardized ¢ scores for symptoms measured by the PROMIS bank (i.e., sleep, fatigue, and
depressive symptoms) were about 50, comparable to the general U.S. population (Table 1).
Relationships among sleep, diabetes-related symptoms, and baseline characteristics

Results from independent #-tests suggested that women had more sleep disturbance and
SRI than did men. The mean sleep disturbance scores for women and men were 54.1 and 48.8
(r=-2.9, P <0.01); the mean SRI scores for women and men were 54.2 and 50.2 ( = -2.1, P
< 0.05). People with different PA level (i.e., inactive or light intensity vs. moderate or greater
intensity) did not differ in sleep disturbance and SRI (P > 0.05). Pearson correlation analyses
indicated that age, 1CO, A1C, and diabetes duration were unrelated to sleep disturbance and

SRI. Depressive symptoms and neuropathic pain were positively associated with sleep
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disturbance and SRI (Table 2). Additionally, there were modest associations between fatigue
and sleep disturbance (» = 0.56, P < 0.01) and fatigue and SRI (» = 67, P < 0.01).
Variables related to sleep

Results of the final regression models are shown in Table 3. In the first model, 52% of
the variation in sleep disturbance was collectively explained by the eight variables (£ = 10.67,
P <0.001). Gender, A1C, fatigue, and neuropathic pain were significantly related to sleep
disturbance. Female gender (5 = 0.18, P = 0.04); fatigue (5 = 0.31, P < 0.01); and neuropathic
pain (# =0.37, P < 0.01) were positively related to sleep disturbance; while A1C was
negatively related to sleep disturbance (# = -0.19, P = 0.04). Similarly, 52% of the variation
in SRI was collectively explained by the eight factors (# = 10.60, P < 0.001). However, only

fatigue was significantly associated with SRI (# = 0.52, P < 0.01).

DISCUSSION
The aim of this study was to examine whether diabetes-related symptoms were related to
sleep disturbance and SRI in people with T2DM. Although studies have been conducted
exploring factors related to sleep in the general population, this study was among the first that
addressed the associations between diabetes-related symptoms and sleep in adults with
T2DM. Findings suggested that being female, neuropathic pain, and fatigue were related to
sleep disturbance, even after controlling for covariates such as age, diabetes duration,
depressive symptoms, and distress. Similarly, higher fatigue was associated with more SRI.
Our bivariate analyses indicated that gender, fatigue, diabetes distress, depressive
symptoms, and neuropathic pain were significantly related to both sleep disturbance and SRI.

It can be argued that the similar correlation patterns may be due to the high correlation
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between sleep disturbance and SRI (» = 0.72). However, sleep disturbance and SRI are
distinct constructs, which was further confirmed by close examination of the regression
models. In the regression model for sleep disturbance, we found that female gender, more
neuropathic pain, lower A1C, and higher fatigue were significantly related to more sleep
disturbance. In the model for SRI, only fatigue was a significant factor.

Consistent with the literature, our findings supported that females experienced more
sleep disturbance than their male counterparts. In a study where sleep disturbance in people
with T2DM was measured by the Pittsburgh Sleep Quality Index (PSQI), sleep disturbance
was related to being female (OR = 2.72, 95% 1.42-5.20) (Nefs et al., 2015). In another study,
females were at a higher risk for sleep disturbance (OR = 1.72, P < 0.05) (Gupta & Wang,
2016). In our analysis, being female was related to a 3.27-unit increase (regression coefficient
= 3.27) in the sleep disturbance score measured by PROMIS. Also, we found that pain was
significantly related to sleep disturbance in adults with T2DM, consistent with the findings in
Lamond et al.'s study (Lamond, Tiggemann, & Dawson, 2000): pain was positively related to
both sleep onset and maintenance problems, which are the main characteristics of sleep
disturbance (» = 0.40 and 0.33, P < 0.01). Our analysis further illustrated the strength of
neuropathic pain in predicting sleep disturbance: a one-unit increase in neuropathic pain score
was related to a 3.07-unit increase (regression coefficient = 3.07) in sleep disturbance. In the
bivariate analysis, A1C was not related to sleep disturbance; however, it was negatively
related to sleep disturbance in the regression model. Further examination indicated that A1C
was positively related to gender (» = 0.27, P = 0.01) and neuropathic pain (» = 0.38, P < 0.01),

which suggests that interactions between A1C and gender or neuropathic pain might explain
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the spurious significance of A1C in the regression model. Notably, the statistical significance
might not be clinically significant (i.e., a 1% increase in A1C was related to a 0.81-unit
decrease in sleep disturbance measured on a 100-point scale).

Studies examining the relationship between sleep disturbance and A1C have been
inconsistent. In one study (Nefs ez al., 2015), A1C was not related to sleep disturbance as
measured by the PSQI while controlling covariates. In other studies (Knutson et al., 2006;
Knutson, Van Cauter, Zee, Liu, & Lauderdale, 2011; Mahmood et a!l., 2013; Osonoi et al.,
2015), sleep quality was related to AL1C or fasting glucose in the bivariate analysis; however,
the relationship became non-significant after adjusting for covariates (e.g., age, gender, and
complications). Surprisingly, in our study, the association between fatigue and sleep
disturbance was moderate (» = 0.56); a one-unit increase in fatigue was associated with a
0.35-unit increase in sleep disturbance, after controlling for covariates. Although the causality
between sleep disturbance and fatigue is unclear, the evidence is emerging supporting the
significant relationship, particularly in people with cancer (Carpenter et al., 2004; Ho, Rohan,
Parent, Tager, & McKinley, 2015). Limited research has examined the relationship between
sleep disturbance and fatigue in people with T2DM. Sleep disturbance assessed by PSQI has
been positively related to fatigue (» = 0.58, P = 0.002) (Cuellar & Ratcliffe, 2008), which is
consistent with our findings. In one study (Nefs et al., 2015), T2DM patients with poor sleep
quality (PSQI > 5) reported more fatigue; however, fatigue was not significantly related to
sleep after controlling for covariates.

Although diabetes distress and depressive symptoms were related to sleep disturbance in

the bivariate correlation analyses, the associations became non-significant in the regression
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model. In this analysis, neuropathic pain was significantly related to diabetes distress (» =
0.34) and depression (» = 0.34). These moderate correlations indicate that neuropathic pain
may have confounded the correlations between sleep and psychological factors, including
depressive symptoms and diabetes distress. Indeed, one study showed that the significant
association between sleep quality and diabetes distress became non-significant after
controlling for covariates (Nefs et al., 2015). Similarly, in another study, the relationship
between diabetes severity and sleep disturbance was almost entirely mediated by pain and
nocturia rather than psychological factors such as emotional adjustment (Lamond et al.,
2000). In geriatric patients with T2DM (Oztiirk et al., 2015), neuropathy was related to poor
sleep quality (OR = 1.36, 95% CI 0.03-2.69) and depression (OR = 2.91, 95% CI 0.61-5.21),
further supporting the potential confounding effect of neuropathic pain.

In the regression model for SRI, only fatigue was significantly associated with SRI after
controlling for covariates. A one-unit increase in fatigue was related to a 0.57-unit increase in
SRI. In this model, neuropathic pain was not significant. SRI evaluates perceived functional
impairment related to sleep problems during wake time, rather than impairment during sleep.
Although pain could disturb nocturnal sleep, it may not exert a significant impact on daytime
functional impairment. The significance might be due to the high correlation between sleep
disturbance and SRI, which suggests that these two constructs overlapped and shared same
variances. It is also possible that sleep disturbance mediated the relationship between fatigue
and SRI. Studies evaluating the relationship between SRI and fatigue are limited, so there are

no specific data to which we can refer.
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Limitations

In the present study, we found significant information on the relationship between
diabetes-related symptoms and sleep in adults with T2DM. Nevertheless, findings need to be
interpreted in the context of limitations. This report is a secondary analysis of data from a
cross-sectional study. Thus, causality cannot be determined, especially in the relationship
between fatigue and sleep. The sample size was not determined a priori. It is possible that the
sample size was not large enough to capture the relationships between variables of interest.
Depressive symptoms, fatigue, sleep disturbance, and SRI might be interrelated. A path
analysis would better elucidate their relationships. However, the small sample size precluded
us from gaining more insight into the moderating and mediating effects. Additionally, we
only recruited participants aged 45 or over, so the generalizability of our findings is limited to
this population. Data of primary constructs were self-reported, particularly sleep measures,
which could introduce recall bias. An objective measure of sleep, such as the use of
actigraphy, would provide a different perspective regarding the relationship between
diabetes-related symptoms and sleep in T2DM. Although we controlled several covariates in
the regression analyses, it is possible that we have missed some confounding variables (e.g.,

daytime sleepiness), which need to be explored in future studies.

CONCLUSION

Building upon previous studies, we contributed to current knowledge about the relationship
between diabetes-related symptoms and sleep. We found that, in addition to female gender,
higher levels of fatigue and neuropathic pain strongly related to more sleep disturbance in

adults with T2DM. Fatigue was also associated with SR1 when controlling for covariates.
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In light of the study limitations, more research is needed to determine the causality
between sleep and fatigue. Future studies using a more representative sample should be
designed to increase the generalizability of the findings to a wider population. Objective
measures of sleep (e.g., actigraphy) are becoming more feasible and can provide sleep
measures including total sleep time and time spent awake after sleep onset. A combination of
objective and subjective sleep measures is needed in future research to provide a richer
delineation of sleep problems and related factors in people with T2DM.

The findings have important nursing implications. According to the most recent
American Diabetes Guidelines(American Diabetes Association, 2017), sleep assessment
should be included in all medical evaluations of patients with diabetes. Thus, in clinical
practice, nurses should pay extra attention to females when conducting sleep-related
assessments. A comprehensive sleep evaluation should also include diabetes-related
symptoms such as neuropathic pain and fatigue. Nursing education for patients with diabetes
should emphasize the importance of effective neuropathic pain management in order for the
sleep disturbance to be prevented or ameliorated. Fatigue in itself is a complex and
debilitating symptom. Clinical nurses are recommended to learn methods for fatigue
management so that the sleep problems could be improved. Evidence indicates that
aerobic-resistance exercise can significantly decrease fatigue (Tomas-Carus et al., 2016).
Therefore, nurses may encourage the patients to engage in regular physical activity to reduce

their fatigue.
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