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Abstract

Background: Recently attention is directed to the potentially negative reinforcing relationships that may exist between sleep disturbance,
obesity and type 2 diabetes mellitus (T2DM) as good sleep quality is crucial for maintaining an effective glycemic control and improving the
quality of life of patients with diabetes.

Objective: The aim of the study was to investigate the effects of weight reduction via life style intervention on glycemic control and sleep
quality among obese type 2 diabetic patients.

Material and methods: Eighty obese T2DM patients (43 males and 37 females) with body mass index (BMI) ranged from 30 to 36Kg/m?,
their age ranged from 42-56 years were selected from the outpatient diabetic clinic of the King Abdulaziz Teaching Hospital were randomly
assigned to life style intervention group (group A, n=40) or control group (group B, n=40). Polysomnographic recordings for sleep quality
assessment, body mass index (BMI), the quantitative insulin-sensitivity check index (QUICKI), homeostasis model assessment-insulin resistance
index (HOMA-IR), glycosylated hemoglobin (HbAlc) were measured before and after 6 months at the end of the study.

Results: There was a significant increase in the mean value of total sleep duration, sleep efficiency, sleep onset latency and QUICKI in group
(A) after 6 months of aerobic exercise training, while, awake time after sleep onset, rapid eye movements (REM) latency, BMI, HOMA-IR) and
glycosylated hemoglobin (HBA1c significantly reduced after 6 months of life style intervention, however the results of the control group were not

patients.

significant. Moreover, there were significant differences between both groups at the end of the study.

Conclusion: Life style intervention is an effective modality for modifying glycemic control and sleep quality among obese type 2 diabetic

Keywords: Glycemic control; Sleep quality; Life style intervention; Obesity; Type 2 diabetes mellitus

Introduction

Type 2 diabetes mellitus (T2DM) prevalence has been rising
steadily over the past 3 decades, and is largely attributable to the
dramatic increase in obesity rate [1,2]. Over 300 million people
worldwide live with diabetes now, and if the current prevalence
rate continues unabated, over 550 million people will be living
with diabetes by 2030 [3,4]. Diabetes represents a major health
problem because of its high prevalence, morbidity and mortal-
ity, its influence on patient quality of life, and its impact on the
health system [5-7].

The quality of sleep is relevant to the regulation of energy
and glucose homeostasis [8]. Type 2 diabetes mellitus is a
serious chronic disease whereby the body ineffectively use
glucose as a fuel due to relative insulin deficiency caused by
insulin resistance [9]. Impairments in the daily sleep/wake cycle

due to sleep disturbances, including shift working, obstructive
sleep apnea, and insomnia, are known to increase the risk of
T2DM [10]. Tang and colleagues reported insufficient sleep
quality and quantity as a risk factor of developing T2DM and
poor glycemic control among sufferers [11]. Sleep duration has
also been associated with higher risk of developing T2DM as
well representing a strong predictor of glycosylated hemoglobin
(HbA1c), with sleep loss being associated with increased HbAlc
[12]. The Pittsburgh Sleep Quality Index (PSQI) factor “sleep
efficiency” is one of the components that can influence glycemic
control [13]. A previously published study suggests negative
correlation between HbAlc and sleep efficiency [14].

The strong association between obesity and sleep disorders
and disturbances is in line with past research regarding the
negative impact of excess weight [15-17]. Obesity, a disease
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associated with its own litany of health consequences and
symptomatology, has been independently associated with an
increased risk of sleep disorders, disruptions and poor sleep
quality [15]. For example, excess weight is a strong predictor of
daytime sleepiness and sleep-disorders [17].

A number of epidemiological studies describe a connection
between T2DM, and sleep disorders [18]. Studies suggest that a
high proportion of T2DM sufferers also manage comorbid sleep
apnea, particularly males and those overweight. Estimates from
recentstudies range from 18% to 36%, suggesting the importance
of addressing sleep disorders among this patient group [19-21].
A large-scale survey study found that sleep problems were by up
to 40% of individuals with T2DM, with sleep apnea, and restless
legs symptoms the most likely among sufferers [22]. Individuals
with T2DM who are obese also frequently report sleep problems,
with research suggesting that all three may represent a complex
interwoven triad of conditions [23,24].

The aim of the study was to investigate the effects of weight
reduction via life style intervention on glycemic control and
sleep quality among obese type 2 diabetic patients.

Patients and Methods
Subjects

Eighty obese T2DM patients (43 males and 37 females)
with body mass index (BMI) ranged from 30 to 36Kg/m? were
selected from the outpatient diabetic clinic of the King Abdalziz
Teaching Hospital. They were checked for fasting/random
glucose levels. Only participants have fasting blood sugar levels
more than 5.6mmol/l or random blood sugar level more than
7.8mmol/] (impaired blood sugar) were included in this study
and were further checked for type 2 diabetes mellitus as per
recent American Diabetes Association criteria i.e. fasting blood
sugar 27.0mmol/] or post-prandial blood sugar 211.1 mmol/]
(2h plasma glucose 11.1 mmol/l during an oral glucose tolerance
test) and glycosylated hemoglobin (HbA1lc%) > 6.5% [25].
Exclusion criteria included history of major psychiatric disorder
as mania or alcohol or substance abuse or other neurological
disorders, significant depressive symptoms, kidney insufficiency,
congestive heart failure, pregnant female patients, hepatitis and
respiratory failure, current use or use within the past month of
psychoactive, hypnotic, stimulant or analgesic medications, shift
work or other types of self-imposed irregular sleep schedules,
smoking or caffeine consumption greater than 300mg per day. A
detail clinical history and physical examinations were conducted
which included the age, sex, symptoms suggestive of diabetes
and family history of diabetes. Physical examinations included
anthropometric measurements such as height, weight, body
mass index (BMI) and waist circumference. Participants were
included two groups; group (A) received treadmill aerobic
exercise training on treadmill and diet regimen. However,
group (B) was considered as a control group and received no
exercise training or diet regimen. A cardiologist conducted an
initial clinical examination for all participants and participants
were randomized for a weight reduction group (group A) or

control group (group B). This study was approved by the Ethical
Committee for Scientific Research, Faculty of Applied Medical
Sciences, King Abdulaziz University. All participants provided
written informed consent.

Measurements

Sleepmeasures:Allparticipantsunderwentpolysomnographic
(PSG) recording before and after the exercise training. For the
pre-intervention assessment, PSG recording was performed over
2 nights. The first night served as an adaption night; 48 hour later,
the participants returned for another night of PSG recording. The
post-training PSG assessment occurred at least 30 hours after
the last exercise session. The participants arrived at the sleep
laboratory at 21:00; the PSG recording started and finished
according to each volunteer’s habitual sleep schedule. The room
used for the recordings had a large comfortable bed, acoustic
isolation, and controlled temperature and light. A trained sleep
technician using a digital system (Philips-Respironics, USA)
conducted recordings. The following parameters were analyzed:

L. Total sleep time (in min), defined as the actual time
spent asleep;

II.  Sleep latency (in min), defined as the time from lights
out until the onset of three consecutive epochs of stage 1 or
deeper sleep;

[II. Sleep efficiency, defined as the percentage of total
recording time spent asleep;

IV. Wake after sleep onset (in min), defined as the total
time scored as wakefulness between sleep onset and final
awakening;

V.  Sleep stages 1, 2, 3, and 4 as well as REM sleep as
percentages of total sleep time; and

VI. Latency to REM, defined as the time from sleep onset
until the first epoch of REM sleep [26].

Chemical analysis: Blood samples were collected from
the antecubital vein at the beginning and end of the treatment
program. Subjects had blood drawn at the same time in the
morning on each occasion (between 8 and 10AM). Subjects lay
supine for 10 min prior to the blood collection. 10ml of blood
was drawn into a tube containing few milliliters of sodium
citrate; plasma was separated from the blood by centrifugation
(120-x g for 15min) at room temperature to determine level of
glycosylated hemoglobin (HBA1c). However, human insulin was
measured with an insulin kit (Roche Diagnostics, Indianapolis,
IN, USA) using a cobas immunoassay analyzer (Roche
Diagnostics). Insulin resistance was assessed by homeostasis
model assessment (HOMA-IR). HOMA-IR = [fasting blood glucose
(mmol/1) _fasting insulin (mIU/ml)]/22.5 [27]. However, insulin
sensitivity was assessed by The quantitative insulin-sensitivity
check index (QUICKI) using the formula: QUICKI=1/(log(insulin)
+ log(glucose)) [28]. All samples were assayed in duplicate, and
the mean of the paired results was determined.
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Measurement of anthropometric parameters: Body
weight of all participants was measured with (HC4211, Cas Korea,
South Korea) while wearing hospital gowns and undergarments.
Where the height was measured with a digital stadiometer (JENIX
DS 102, Dongsang), so Body Mass Index (BMI) was computed as

BMI= Body weight/Height?.
Procedures

Following the previous evaluation, all patients were divided
randomly into the following groups:

Patients in group (A): Were submitted to forty minutes
moderate intensity aerobic exercise sessions on a treadmill (the
initial, 5-minute warm-up phase performed on the treadmill
(Enraf Nonium, Model display panel Standard, NR 1475.801,
Holland) at a low load, each training session lasted 30 minutes
and ended with 5-minute recovery and relaxation phase) either
walking or running, based on heart rate, until the target heart
rate was reached, according to American College of Sport
Medicine guidelines [29]. The program begun with 10min of
stretching and was conducted using the maximal heart rate
index (HR ) estimated by 220-age. First 2 months = 60-70%
of HR _ second 4 months = 70-80% of HR . Each session was
continued for 30 minutes; 3 sessions / week for 3 months [30].
All subjects of group (A) were instructed to take an individual
balanced energy-restricted dietary program to obtain weight
loss .The mean daily caloric intake was about 1200Kkcal/day,
based on a macronutrient content <30% fat and 15% protein
as recommended by the World Health Organization [31]. At the
initial interview with a dietitian, obese subjects was given verbal
and written instructions on how to keep diet records, with food

Table 1: Baseline characteristics of all participants.

weighed and measured. The same dietitian monitored dietary
intake. The subjects maintained a detailed record of food intake,
and received weekly nutritional counseling. Obese subjects were
instructed to substitute low-fat alternatives for typical high-fat
foods, to increase the consumption of vegetables and fresh fruits,
and to substitute complex carbohydrates, such as whole-grain
bread and cereals. Dietetic help was given every 2 weeks by the
dietitian when anthropometric measurements were performed;
in addition, each subject was seen by a physician monthly to
perform a clinical evaluation, standard electrocardiogram, and
measurement of blood pressure and heart rate [32].

Patients in group (B): Received no training or diet regimen
for three months.

Statistical analysis

The mean values of the investigated parameters obtained
before and after six months in both groups were compared, using
paired “t” test. Independent “t” test was used for the comparison
between the two groups (P<0.05).

Results

The two groups were considered homogeneous regarding
the demographic variables. The mean age of the group (A) was
49.58+5.61 years, and the mean age of group (B) was 47.32+5.44
years. There was no significant differences in age, body mass
index (BMI), duration of diabetes, body fat, systolic blood
pressure, diastolic blood pressure, fasting glucose, hemoglobin
Alc (HbAlc), serum insulin and blood lipids between both
groups (Table 1).

Mean + SD
Parameters Significance
Group A (N = 40) Group B (N = 40)

Age (years) 49.58+ 5.61 47.32+ 5.44 P> 0.05
Gender (male/female) 22/18 21/19 P>0.05
BMI (kg/m2) 33.163.25 32.43%3.15 P>0.05
Duration of diabetes (years) 13.41+3.62 11.84+3.75 P>0.05
Body fat (%) 35.22+6.43 36.21+5.81 P>0.05
Systolic blood pressure (mm Hg) 144.16+10.29 142.72+11.35 P>0.05
Diastolic blood pressure (mm Hg) 86.78+6.42 84.34+5.91 P>0.05
Fasting glucose (mg/dl) 125.15+10.26 122.93+10.14 P>0.05
HbAlc % 8.87+2.31 8.45+2.27 P >0.05
Insulin (pmol/L) 20.21+4.28 19.67+4.32 P>0.05
Total cholesterol (mg/dl) 193.18+14.55 190.89+15.16 P>0.05
HDL-cholesterol (mg/dl) 34.26+2.11 35.72+2.37 P>0.05
LDL-cholesterol (mg/dl) 133.29+11.23 131.46+10.48 P>0.05
Triglyceride (mg/dl) 156.12 £12.83 153.77£13.19 P >0.05

BMI = Body Mass Index; HbA1c = Glycosylated Hemoglobin; HDL= High Density Lipoprotein; LDL= Low Density Lipoprotein
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Table 2: Mean value and significance of BMI, QUICKI, HOMA-IR, HBA1c and polysomnographic parameters of group (A) before and at the end

of the study.

Mean + SD
— i t- value Significance
BMI (kg/m2) 33.16+3.25* 28.41+2.87 6.94 P <0.05
QUICKI 0.124+0.017* 0.156+0.014 4.72 P <0.05
HOMA-IR 5.58 +1.61* 3.62+1.25 4.83 P <0.05
HBA1c (%) 8.87+£2.31* 5.26+1.57 5.68 P <0.05
Total sleep duration (min) 318.43+£25.72* 342.56+28.14 8.63 P <0.05
Sleep efficiency (%) 71.5949.64* 84.95+11.22 7.42 P <0.05
Sleep onset latency (min) 13.16+3.21* 15.82+3.79 5.85 P <0.05
Awake time after sleep 76.15+11.24* 65.23+9.86 7.67 P <0.05
onset (min)
REM sleep latency (min) 81.13+12.18* 67.45+£10.26 7.91 P <0.05

BMI: Body Mass Index; QUICKI: The quantitative insulin-sensitivity check index; HOMA-IR: Homeostasis Model Assessment-Insulin Resistance
Index; HbA1c = Glycosylated Hemoglobin; REM: rapid eye movements; (*) indicates a significant difference, P < 0.05.

Table 3: Mean value and significance of BMI, QUICKI, HOMA-IR, HBA1c and polysomnographic parameters of group (B) before and at the end

of the study.

Mean + SD
— o t- value Significance

BMI (kg/m2) 32.43%3.15 33.28+3.26 1.64 P>0.05
QUICKI 0.129+0.021 0.120+0.098 0.75 P>0.05
HOMA-IR 5.42+1.57 5.71+1.62 0.93 P>0.05
HBA1c (%) 8.44+2.13 8.51£2.19 0.86 P >0.05
Total sleep duration (min) 326.42+27.21 321.53+£28.24 1.73 P >0.05
Sleep efficiency (%) 73.1549.22 75.64+9.88 1.36 P> 0.05
Sleep onset latency (min) 13.26+3.49 12.72+3.41 1.17 P>0.05
Awale time after sleep 75.38+10.52 77.95£10.85 1.43 P>0.05

onset (min)
REM sleep latency (min) 79.54+11.76 80.11+ 11.94 1.25 P>0.05

BMI: Body Mass Index; QUICKI: The quantitative insulin-sensitivity check index; HOMA-IR: Homeostasis Model Assessment-Insulin Resistance

Index; HbA1c = Glycosylated Hemoglobin; REM: rapid eye movements.

Table 4: Mean value and significance of BMI, QUICKI, HOMA-IR, HBA1c and polysomnographic parameters of group (A) and group (B) at the

end of the study.

Mean + SD
t- value Significance
Group (A) Group (B)
BMI (kg/m2) 28.41+2.87* 33.28+3.26 5.21 P <0.05
QUICKI 0.156+0.014* 0.120+0.098 3.76 P <0.05
HOMA-IR 3.62+1.25* 5.71+1.62 3.95 P <0.05
HBA1Lc (%) 5.26+1.57* 8.51+2.19 5.13 P <0.05
Total sleep duration 342.56+28.14* 321.53+28.24 7.25 P <0.05
(min)
Sleep efficiency (%) 84.95+11.22* 75.64+9.88 6.32 P <0.05
Sleep onset latency 15.82+3.79* 12.72+3.41 453 P <0.05
(min)
Awi‘)};‘zgt‘?;f’ger sleep 65.23+9.86* 77.95+10.85 6.24 P <0.05
REM sleep latency 67.45+10.26* 80.11% 11.94 6.18 P <0.05
(min)

BMI: Body Mass Index; QUICKI: The quantitative insulin-sensitivity check index; HOMA-IR: Homeostasis Model Assessment-Insulin Resistance
Index; HbA1c = Glycosylated Hemoglobin; REM: rapid eye movements; (*) indicates a significant difference between the two groups, P < 0.05.
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There was a significant increase in the mean value of total
sleep duration, sleep efficiency, sleep onset latency and the
quantitative insulin-sensitivity check index (QUICKI) in group
(A) after 6 months of aerobic exercise training, while, awake
time after sleep onset, rapid eye movements (REM) latency,
body mass index (BMI), Homeostasis Model Assessment-Insulin
Index(HOMA-IR) and glycosylated hemoglobin
(HBA1c) significantly reduced after 6 months of life style
intervention (Table 2), however the results of the control group
were not significant (Table 3). In addition, there were significant
differences between both groups at the end of the study (Table
4).

Resistance

Discussion

The prevalence of sleep disturbances and deprivation has
been increasing dramatically over the past decade, together
with the growing epidemic of type 2 diabetes mellitus (T2DM)
and obesity worldwide. Several meta-analyses have confirmed
the independent association between sleep duration and sleep
quality with the risk of developing T2DM [33,34], However,
Gupta and colleagues reported that about 25% of patients with
T2DM were diagnosed with sleep disorders (SD) and over 75%
reported experiencing at least one sleep symptom regularly,
where SD and symptoms were strongly associated with obesity
[35]. Recent epidemiological studies have suggested that there is
an association between glycemic control and sleep disturbances
in patients with T2DM [36],
management treatment in T2DM patient implemented in the
primary care setting [37]. The aim of the study was to investigate
the effects of weight reduction via life style intervention on
glycemic control and sleep quality among obese type 2 diabetic
patients.

therefore effective weight

Concerning sleep quality parameter, there was a significant
increase in the total sleep duration, sleep efficiency and
sleep onset latency in group (A) after 6 months of life style
intervention (aerobic exercise and diet regimen), while, awake
time after sleep onset and REM latency significantly reduced
compared with values obtained prior to life style intervention
(Table 2). To the best of our knowledge, this is the first study for
life style intervention and quality of sleep among type 2 diabetic
patients as all previous studies were concerned with the life
style intervention and obstructive sleep apnea and the impact of
exercise training and quality of sleep.

Reid et al had Seventeen sedentary elderly subjects with
insomnia who had 16 weeks of aerobic physical activity. The
clearly stated that physical activity improved sleep quality on the
global Pittsburgh Sleep Quality Index (PSQI) score, sleep latency,
sleep duration, daytime dysfunction and sleep efficiency [38].
Where, Lira et al. conducted a study on fourteen male sedentary,
healthy, elderly volunteers performed moderate training for
60 minutes/day, 3 days/week for 24 weeks at a work rate
equivalent to the ventilatory aerobic threshold. They proved that
sleep parameters, awake time and REM sleep latency decreased

after 6 months exercise training in relation baseline values [39].
In addition, Yang and colleagues completed a systematic review
with meta-analysis of six randomized trials and provided data
on 305 participants (241 female). Each of the studies examined
an exercise training program that consisted of either moderate
intensity aerobic exercise or high intensity resistance exercise.
The duration of most of the training programs was between 10
and 16 weeks. All of the studies used the self-reported Pittsburgh
Sleep Quality Index to assess sleep quality. Compared to the
control group, the exercise group had significantly reduced sleep
latency and medication use [40]. While, Chen and coworkers
enrolled twenty-seven participants in 12 weeks of Baduanjin
exercise training, they proved that overall sleep quality, subjective
sleep quality, sleep latency, sleep duration, sleep efficiency, and
daytime dysfunction significantly improved after 12 weeks of
intervention [41]. In addition, Santos et al had twenty-two male,
sedentary, healthy, elderly volunteers performed moderate
training for 60min/day, 3 days/week for 24 week at a work rate
equivalent to their ventilatory aerobic threshold, their findings
suggest that aerobic exercise training increased aerobic capacity
parameters, decreased REM latency and decreased time awake
[42]. Moreover, Passos and colleagues concluded that a 4-month
intervention of moderate aerobic exercise delivered to twenty-
one sedentary participants with chronic primary insomnia had
polysomnographic data significantly improvements following
exercise training, where total sleep time, sleep efficiency and
rapid eye movements significantly increased. In addition, sleep
onset latency and wake time after sleep onset significantly
decreased following exercise training [43].

Regarding, the mechanism underlying the effect of life style
intervention on sleep, although the mechanisms by which life style
intervention can improve sleep quality are not well understood.
However, extra energy consumption, endorphin secretion,
secretion of anti-inflammatory cytokines or modulation of body
temperature in a manner that facilitates sleep for recuperation
of the body in addition to reduced resting plasma concentrations
of pro-inflammatory cytokines may be the possible mechanisms
for sleep quality parameter improvement because of life style
intervention [40,44-47].

Regarding glycemic control, the results of the present
study proved that life style intervention (aerobic exercise and
diet regimen) significantly improved insulin sensitivity and
reduced insulin resistance because of weight reduction. These
results agreed with Angelico et al. proved that 5%-10% weight
loss as a result of diet regimen modulates insulin resistance in
patients with metabolic syndrome [48], also Albu and colleagues
mentioned that lifestyle modifications with diet and exercise are
essential part of the management of the diabetes obese patient
as weight loss leads to improvement in the glucose tolerance,
insulin sensitivity, reductions in lipid levels [49]. While, weight
reduction program consisted of diet restriction and exercise,
which was conducted on thirty-five obese T2DM patients for
twelve weeks (diet restriction and exercise), induced significant
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reductions in body weight, serum leptin levels, improvements in
lipoprotein profile, insulin sensitivity and glucose control [50].
Several mechanisms have been proposed to be responsible for
the increases in insulin sensitivity after exercise training. These
include increased post-receptor insulin signaling, increased
glucose transporter protein and mRNA, increased activity
of glycogen syntheses and hexokinase, decreased release
and increased clearance of free fatty acids, increased muscle
glucose delivery and changes in muscle composition [51].
Moreover, energy restriction resulting in even modest weight
loss suppresses endogenous cholesterol synthesis that leads
to a decline in circulating lipid concentrations and because
of increased insulin sensitivity [52,53]. Through decreasing
deposition of total fat and intra-abdominal fat [54].

Conclusion

Life style intervention is an effective modality for modifying
glycemic control and sleep quality among obese type 2 diabetic
patients.
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