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Background: Fatigue, nonrestorative sleep, and other sleep disorders could be
pointers to serious medical problems like obstructive sleep apnea; when present in
patients with diabetes, they exacerbate each other deleterious consequences. The
present study aimed to assess fatigue, nonrestorative sleep, sleep duration, and
daytime sleepiness among patients with type 2 diabetes.

Methods: This cross-sectional descriptive study was conducted among 103 consecutive
patients with type 2 diabetes and 121 healthy controls attending an outpatient clinic in
Omdurman, Sudan during the period from December 2015 to June 2016. All participants
signed a written informed consent and were interviewed using a questionnaire based
on Epworth Sleepiness Scale to assess subjective nonrestorative sleep, sleep duration,
and snoring. A blood sample was taken for the HbA1lc. The local ethical committee
approved the research, and chi-square test and t-test were used for data analysis.
Results: Highly significant statistical differences were observed between the diabetic
patients and the control subjects regarding fatigue, nonrestorative sleep, sleep
duration, snoring, and excessive daytime sleepiness (p < 0.001). Patients with fatigue
had higher nonrestorative sleep than those without, no significant differences were
found between patients with the symptoms of fatigue and those without regarding
excessive daytime sleepiness, snoring, sleep duration, and the HbA1c (p > 0.05).
Conclusions: Fatigue, nonrestorative sleep, sleep duration, excessive daytime sleepiness,
and snoring were common among patients with type 2 diabetes than their healthy
counterparts, diabetic patients with fatigue had more nonrestorative sleep than those
without. The reliance on a self-administered questionnaire is a limitation of the study.
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Diabetes mellitus is a lifelong morbid disorder causing a lot of mortality and morbidity.
Overall, 6% of the world population is affected by the disease, and the number is
projected to reach 438 million by the year 2030. Currently, 7.7% of adult population is

affected by diabetes mellitus in Sudan, and the level is rising at an alarming rate [1-3].
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Chronic fatigue is common among patients with diabetes and can be reported in
more than half of them. Fatigue can affect adversely the quality of life, compromise
the self-management of diabetes, and increase complications that come with the
disease. The pathophysiology of diabetes mellitus and fatigue could be shared in
some respects [4, 5] (the release of inflammatory markers like Tumor Necrosis Factor,

interleukins, and increased C-reactive proteins are to blame for both conditions).

Fatigue can be acute and fluctuating during the day or a chronic persistent with
functional impairment. Hyperglycemia in patients with diabetes precipitates fatigue,
while sleep disorders, depression, and pain perpetuate it [6-9].

Previous literature indicated a U-shaped relationship between diabetes and sleep
with an increasing incidence among those who sleep less than six or more than eight
hours per night [10]. Physiological studies have documented the activation of the
autonomic nervous system and the hypothalamic-pituitary-adrenal axis leading to an
increase in the heart rate and impairment of its variability among patients with insomnia
who met the objective and subjective criteria during polysomnography. An increase in
the metabolic rate was also observed in those patients [11-13]. Nonrestorative sleep is
the subjective feeling of unrefreshing sleep, up to 10% of the healthy individuals could
be affected by this disorder. Nonrestorative sleep may be associated with insomnia,

unhealthy lifestyles, and gastroesophageal reflux disease [14, 15].

Excessive daytime sleepiness and snoring are clinical indicators of obstructive
sleep apnea and have been linked to an increasing morbidity and mortality in various
clinical setting including diabetes mellitus. Excessive daytime somnolence could impair
diabetes self-management and increase the glycated hemoglobin and lead to higher
rate of microvascular complications [16]. Not many researchers have studied fatigue,
insomnia, and excessive daytime sleepiness in Sudan and the studies conducted on
this factors in the Western countries may not apply to Sudan. Thus, the present research
was conducted to assess fatigue, excessive daytime sleepiness, and insomnia among

patients with type 2 diabetes mellitus in Sudan.

This case-control study was conducted among 102 consecutive patients with type 2
diabetes mellitus and 121 healthy controls during the period from December 2015
to June 2016. The participants were attending an outpatient diabetes clinic at the
Omdurman Teaching Hospital, Omdurman, Sudan; the diabetic patients were chosen

from amongst the regular follow-up patients, and the control subjects were chosen from
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the relatives and co-patients to address the confounding factors like socioeconomic

factors and level of education [17].

The sample size was calculated using the formula: n = Z2 P — Q/d?, where Z = 95%
confidence (1.96), P = Prevalence of diabetes mellitus in Sudan [3], Q =100—prevalence,
and d = tolerated error. All participants signed a written informed consent and were
then interviewed using a structured questionnaire to collect demographic data on
subjective sleep duration, non-restorative sleep during the past month, and fatigue that
persisted during the day with the disturbance in function [6]. Those with chronic medical
conditions like rheumatic disorders as well as those with psychological diagnosis,
cigarettes smokers, and alcohol consumers were excluded. The Epworth Sleepiness
Scale (ESS) was used [18] to assess patients’ likelihood of falling asleep during the
course of the day, the scale is an eight component choice questions with a total score
of 24; these eight components are: how likely are you to fall asleep when: watching TV,
sitting and reading, sitting inactively in public places, as a passenger in a car for one
hour without a break, lying down to rest in the afternoon when circumstances permit,
sitting talking to someone, sitting quietly after a lunch without alcohol, and in a car, while
stopping for a few minutes in traffic. Each component is scored between O and 3 with O
indicating no tendency for dosing off and 3 being severe dysfunction. A person who
scores 10 or more is regarded as an excessive daytime sleeper. Weight and height were
also measured, and the Body Mass Index (BMI) was measured using the formula: weight
in kg/height in meter square. A BMI > 30 was regarded as obesity, 25-29 as overweight,
and 18-25 as normal. Blood sample was taken to assess the glycemic control (HbA1c%).

The research was approved by the local ethical committee.

Data were analyzed using the statistical software (SPSS version 20), Chi-square test,

and t-test and P < 0.05 was considered as statistically significant.

Overall, 102 patients with type 2 diabetes and 121 control subjects were included in the
study, with ages 58.39 £ 8.74 and 50.58 + 10.17 years, respectively, p < 0.001; female
dominance was apparent in both patients (71.6%) and controls (64.5%), p = 0.314; fatigue
was reported in the majority of the patients (70.5% vs 36.3% among control subjects)
with a high significant statistical difference, p < 0.001; non-restorative sleep was evident
in 91.1% of the patients and 74.3% of the controls with a significant statistical difference,
p = 0.001; while regular snoring was found in 56.9% and 28.1% of patients and controls,

respectively, p < 0.001. Table 1 shows the comparison between patients with type 2
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TABLE 1: Comparison Between Patients with Type 2 Diabetes and Control Subjects.

Characteristics

Sex

Males

Females

Regular snoring
Non-restorative sleep
Fatigue

Excessive daytime sleepiness
Sleeping hours

<6 hours/night

Mean + SD

Diabetic Patients

29 (28.4%)
73 (71.6%)
58 (56.9%)
93 (91.1%)

72 (70.5%)
41(40.2%)

57 (55.9%)
5.29 +1.20

Control Subjects

43 (35.5%)
78 (64.5%)
34 (28.1%)
90 (74.3%)
44 (36.3%)
13 (10.7%)

18 (14.9%)
5.29 +1.20

p value*
0.314

0.000
0.001

0.000
0.000

0.000

*Chi-square test

TABLE 2: A Comparison Between Diabetic Patients with and Without Fatigue.

Characteristics Fatigue Present Fatigue Not Present p value*
Sex 0.461
Males 22 (30.5%) 7 (23.3%)

Females 50 (69.5%) 23 (76.6%)

Snoring 42 (58.3%) 16 (53.3%) 0.666
Non-restorative sleep 71(98.6%) 22 (73.3%) 0.000

*Chi-square

TABLE 3: T-Test Comparing Diabetic Patients with and Without Fatigue.

Characteristics Fatigue Present Fatigue Not Present p value*
Age 58.01+ 8.84 59.30 + 8.59 0.501
Daytime sleepiness 7.37+£51 7.23+4.39 0.895
HbA1c 9.44 +1.88 8.89 £ 1.90 0.186
BMmI 31.50 £ 4.80 30.00 £ 4.16 0.139
Sleep duration 530 +1.26 5.26 +1.04 0.882

*T-test

diabetes and healthy control subjects. Table 2 illustrates a comparison between patients
with and without fatigue in which snoring was found in 58.3% of the diabetic patients
with fatigue and 53.3% of their counterparts with no significant statistical difference,
p = 0.666; non-restorative sleep was higher among patients with fatigue at 98.6% vs
73.3% in controls with a high significant statistical difference, p < 0.001. As shown in
Table 3, no significant differences were found between the diabetic patients with chronic
fatigue and those without the abnormality regarding age (58.01 + 8.84 vs 59.30 + 8.59,
p = 0.501), excessive daytime sleepiness (7.37 £ 5.11 vs 7.23 £+ 4.39, p = 0.895), the
HbA1c (9.44 £1.88 vs 8.89 £ 1.90, p = 0.186), BMI (31.50 + 4.80 vs 30.00 + 4.16, p = 0.139),
and sleep duration (5.30 + 1.26 vs 5.26 + 1.04, p = 0.882).
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In the present study, majority of the patients with diabetes mellitus presented with fatigue
and non-restorative sleep with a highly significant statistical difference between the
patients and control subjects. Patients with type 2 diabetes mellitus had shorter sleep
duration than controls and patients with chronic fatigue had higher non-restorative sleep
than others without the diagnosis, while no significant difference was found between
the two groups regarding the HbA'c, excessive daytime sleepiness, body mass index,

and the duration of sleep.

There are complex discrepancies between causes and indicators of fatigue, so it’s
hard to define fatigue or transform it into a quantifiable measure. Due to the complex
management strategies in diabetes, the importance of fatigue may be greater. In the
present study, fatigue was more common among patients with type 2 diabetes than the
healthy control subjects (70.5% vs 36.3%) in line with previous observations [19]. Another
epidemiological study concluded fatigue in 61% of patients with type 2 diabetes, also in

line with the current observations [20].

Various physiological and pathological disorders associated with diabetes mellitus
like hyperglycemia, hypoglycemia, neuropathic pain, polypharmacy, and sleep disorders
may result in fatigue [21-23]. Irrespective of the cause of death, both short and long
sleep durations were associated with an increasing mortality. The growing rate of death
might be free of diabetes and hypertension [24], in the current data, patients with type 2
diabetes mellitus slept for a short period and had a non-restorative sleep more than
the controls, as in the Cespedes et al.’s study, who concluded the association between
diabetes mellitus, short sleep duration, and insomnia [25].

Nonrestorative sleep may be a potential risk for various clinical outcomes related
to sleep disorders even in the general population. However, factors involving
nonrestorative sleep remainto be elucidated. Recentliterature concludedthe association
of nonrestorative sleep with insomnia, psychiatric disorders, and gastroesophageal
reflux disease [26]. In the present study, non-restorative sleep was present in 911%
of patients with type 2 diabetes mellitus and 74.3% of control subjects with highly
significant statistical difference; similarly, a study conducted among patients with the
metabolic syndrome concluded the high rate of non-restorative sleep [27]. However,
the relationship between fatigue and non-restorative sleep remains significant after
controlling for age, sex, BMI, snoring, and excessive daytime sleepiness. The present

observation calls for further larger multicenter studies to assess further possible
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consequences of nonrestorative sleep among patients with type 2 diabetes mellitus in
general and particularly those who present with the symptoms of fatigue.

Excessive daytime sleepiness and snoring are predictors of obstructive sleep
apnea, a common sleep problem among patients with type 2 diabetes which when
co-exist might increase each other’s deleterious consequences [28]. In the present
study, snoring and excessive daytime sleepiness were evident in 56.9% and 40.2%
of diabetic patients with a high significant statistical difference between patients and
control subjects similar to Kelly et al. [29] who found daytime sleepiness in 56% of
hospitalized diabetic patients. Similarly, Marchiseni et al. [30] reported habitual snoring
in 56.1% of obese patients. Fatigue could be a result of increasing BMI or lack of physical
activity, but we did not assess the level of exercise as an important factor [31]. Also, we
did not study other important factors like depression and diabetes distress that could

contribute to the symptom of fatigue.

The present study concluded a high rate of fatigue, non-restorative sleep, short sleep
duration, snoring and excessive daytime sleepiness, and a highly significant statistical
relation between fatigue and non-restorative sleep. More larger studies using objective
measure for the diagnosis of obstructive sleep apnea and assessing various possible
causes of non-restorative sleep need to be conducted to improve diabetes care and
quality of life because the above factors could impair the diabetes complex self-

management.
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