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Abstract: Sleep is one of the essential factors in life and affects glucose metabolism, so it is crucial for diabetic
patients to have good quality sleep to control their diabetes. The study aimed to analyze the relationship between
sleep quality and HbAIc levels in adult patients with type 2 diabetes mellitus. This study was conducted with a
cross-sectional study approach with a sample of 170 respondents with convenience sampling from a hospital in
Banda Aceh. Sleep quality data was measured by the Pittsburgh Sleep Quality Index (PSQI), and HbAlc levels
were obtained from the results of respondents’ HbAlc examinations in the last three months analyzed through
chi-square. The results showed a significant relationship between sleep quality and respondents’ HbAlc levels
(p = 0.008), where respondents (64.1%) with poor sleep quality had an eight times the risk of having
uncontrolled HbAlc levels compared to respondents with good sleep quality. Education on the importance of
sleep health in patients reqularly should be carried out in groups by health services to motivate T2DM patients
to enjoy adequate sleep and improve their glycemic control through learning media that interest patients
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INTRODUCTION

Globally, diabetes mellitus (DM) is a significant public health problem of great concern and a cause of
death in most countries. International Diabetes Federation (2021) states that currently, there are 537
million people living with diabetes, where Indonesia is the country with the fifth position as the most
countries with 19.5 million people living with diabetes. Diabetes Mellitus (DM) is a clinical disorder
syndrome characterized by the presence of hyperglycemia metabolic disease caused by defects in
insulin secretion, defects in insulin action or both (Setyaningsih & Maliya, 2018).

Improper lifestyle can result in an increase in blood sugar levels (Mujabi & Yuniartika, 2018).
Thus, lifestyle identification is critical to modify related factors that can decrease the occurrence of
clinical symptoms in diabetic patients. Sleep is a new and significant risk factor to modify to achieve
better glycemic control in Type 2 Diabetes Mellitus ( T2DM) patients (Lee et al., 2017). Ohkuma et al.
(2014) mentioned that 39% of people with T2DM experienced sleep disturbances, and 55% of T2DM
patients experienced poor sleep quality (Luyster & Dunbar-Jacob, 2011). These results also follow a
systematic review study conducted by Khalil et al. (2020) on 41 research articles showing that the
prevalence of sleep disorders in diabetic patients is estimated to be around 52%.

High blood sugar levels in T2DM patient cause typical signs and symptoms in the form of
increased appetite, excessive thirst, frequent urge to urinate, especially at night, weight loss, and
fatigue. Poor management will cause the development of these symptoms into complications and will
affect the occurrence of clinical symptoms in diabetic patients(Grossman & Porth, 2014). This is in line
with Surani (2015) who states that in T2DM patients, there are conditions that can affect the quality
and quantity of sleep, including nocturia, polyuria, nocturnal hypoglycemia, diabetic neuropathy,
obstructive sleep apnea, restless leg syndrome, cardiovascular complications, hypertension, stroke,
and depression.

In addition to the four main pillars of Diabetes Mellitus control consisting of education,
medical nutrition therapy, physical activity, and pharmacological interventions (Soelistijo et al., 2019),
additional interventions are also needed in the form of maintaining good sleep quality to be able to
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control blood sugar levels in diabetics (Bellon et al., 2021). Sleep disorders in diabetics will reduce
sleep quality. Sleep quality can be seen from the duration of sleep, the time needed to be able to sleep,
the number of times awakened, and the depth of sleep (Khalil et al., 2020). Poor sleep quality is
closely related to poor levels of glycemic control, so improved sleep quality in diabetic patients can
lead to better glycemic control and improved quality of life (Tsai et al., 2012). Sleep quality is
associated with decreased insulin sensitivity, increased fasting plasma glucose levels, and increased
HbA1c. Optimal sleep quality and decreased HbAlc in people with T2DM may be associated with a
3% reduction in mortality, a 2% reduction in the incidence of myocardial infarction, and a 5%
reduction in microvascular complications (Lee et al., 2017; Zhu et al., 2014). A systematic review study
and meta-analysis of randomized controlled trials conducted by Sondrup et al. (2022) on 35 articles
showed that sleep duration, quality, and timing are very important for metabolism and reducing the
risk of T2DM.

Glycemic control in patients can be evaluated by looking at HbAlc levels because it reflects
blood sugar levels in the last three months. If the HbAlc value is> 6.5%, the patient is diagnosed with
diabetes (Soelistijo et al., 2019). Several studies analyzed the impact of sleep quality on glycemic
control in T2DM patients. A systematic literature review study and meta-analysis of 26 observational
articles covering a population of T2DM patients in Asia showed that good sleep quality significantly
lowered fasting blood sugar levels compared to poor sleep quality (M: 11.28; CI95% ) (Azharuddin et
al., 2020). Likewise, the results of the systematic review study of Azizah et al. (2022) on 13 research
articles covering 25,193 samples of T2DM patients showed that respondents with poor sleep quality
had higher HbAlc so that there was a relationship between sleep quality and glycemic control
(HbAlc).

Decreased sleep quality can impair the patient's ability to think, cause physical fatigue, the
ability to respond quickly, and decrease work productivity. This will affect the patient's ability to
manage DM management independently related to the metabolic status, which aims to maintain
blood glucose levels within normal limits and prevent hypoglycemia and hyperglycemia (Smyth et
al., 2020). Research studies on sleep quality and glycemic control in patients with Diabetes Mellitus
have been widely conducted in Indonesia and abroad, stating whether sleep quality and glycemic
control are a relationship. However, so far, these studies have mainly used samples or research
respondents of people with diabetes who are in the range of adults to old age, and no one has focused
on DT2DM patients who are in adulthood only, namely more than 18 years and less than 60 years.
Researchers consider this necessary because old age will naturally cause sleep disorders. It is feared
that it will create confusion in the research results whether sleep disorders come from diabetes
experienced or due to natural changes in age.

The results of a simple mini-survey conducted by researchers at Endocrine outpatient unit
found that seven out of ten adult patients with T2DM interviewed had sleep pattern disorders where
sleep is not sound and often restless during sleep, besides that patients said they were often surprised
at night, so they woke up from sleep and could not fall back asleep. Two out of ten patients say they
often wake up at night due to the urge to urinate, which is often felt so that it disturbs the patient's
sleep. Health workers, doctors, and nurses at the endocrine outpatient unit said education related to
disturbed sleep patterns for patients and how to overcome them had been carried out but not done
regularly.

Based on the description above, sleep quality must be investigated further so that health
workers can do the things needed to maintain optimal glycemic control. This study analyzes the
relationship between sleep quality and HbAlc levels in Adult Patients with Type 2 Diabetes Mellitus.

METHOD

This study is the study that uses a cross-sectional approach. Researchers involved 170
respondents, namely T2DM patients aged 18-60 years, who had laboratory data on HbAlc levels in
the last three months who visited the endocrine outpatient unit at General Hospital dr. Zainoel
Abidin hospital in Banda Aceh, willing to participate in research, able to communicate and
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understand Indonesian instructions fluently. Respondents were selected using convenience sampling
techniques.

The instrument used in this study was Pittsburgh Sleep Quality Index (PSQI) to see sleep
quality. score and sleep duration. The PSQI instrument is used to evaluate a person's sleep quality in
the previous month and is widely used because it is easy and accurate. PSQI, developed by Buysse et
al. (1989) at the University of Pittsburgh, America, has a sensitivity of 89.6% and specificity of 86.5%
so that it can be used to identify sleep disorders (Buysse et al., 2008). The PSQI instrument can
measure sleep quality in 1-month intervals consisting of 19 questions that measure seven assessment
components: subjective sleep quality, sleep latency, sleep duration, sleep disturbance, sleep efficiency,
use of sleeping pills, and sleep dysfunction during the day. The assessment of the results of the
questionnaire answers has a range of 0-3, then added up from each component until a total number of
0-21 is obtained. There are several cut-off points from PSQI used, namely >5 to 8, but more studies
use a cut point >5 (Azizah et al., 2022). Therefore the study will use the interpretation of sleep quality
data both if the score is <5 and bad if the score is> 5.

The PSQI questionnaire has been translated and back-translated by commercial translation
agencies to maintain the content used. This questionnaire 's validity and reliability test was conducted
on 30 respondents who visited the endocrine outpatient at General Hospital dr. Zainoel Abidin
outside of the research respondents. The results of the questionnaire 's validity that was carried out
by researchers on each component of the questionnaire obtained two invalid questions (r < 0.361)
from 19 questions with a reliability value of 0.702. Considering that the invalid question item is an
integral part of the instrument to assess sleep quality, the researcher does not discard the question
item and only changes the redaction of the sentence so that it does not change the assessment score
system that is already valid.

In addition, the respondent’s sleep duration will also be calculated, which includes the length
of one's sleep at night only or the length of one's sleep in one day, where napping is also considered.
Analysis of a systematic review of seven articles conducted by Azharuddin et al. (2020) states that the
standard average sleep duration is 7-8 hours per day, and the short sleep duration is characterized by
< 6 hours. This study will interpret good sleep quality data if the sleep duration is 7-8 hours.

Glycemic control in this study was collected by looking at the results of HbA1C measurements
from patients' medical records within the last 1-3 months. HbAlc levels correspond to blood sugar
levels in type 2 DM patients. The results of the HbA1C examination are expressed in 2 categories,
namely controlled (<6.5%) and uncontrolled (= 6.5%) (Soelistijo et al., 2019). Data analysis in this study
used chi-square.
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RESULT

Table 1. Demographic Characteristics of Respondents

(n=170)
Characteristic Frequency (n) Percentage (%)

Age (years)

18-45 56 329

46-60 114 67.1
Sex

Male 57 33.5

Female 113 66.5
Education

Primary School 38 22.3

Middle & High School 78 459

Bachelor 54 31.8
Employment

Employed 114 67.1

Unemployed 56 32,9
Duration Of Diabetes

<3 year 112 65.9

>3 year 58 34.1

Total 170 100

Table 1 shows the characteristics of respondents in this study consisting of 66.5% (113) female
respondents, where 67.1% (114) respondents were in the age group of 46-60. 67.1% (114) of
respondents are employed, with the majority of 45.9% (78) respondents having a recent secondary
education (junior high school and high school). Based on the length of suffering from T2D}, it was

seen that 65.9% (112) respondents had diabetes for less than three years

Table 2. Descriptive Statistics of Quality of Sleep and HbA1c Level (n=170)

Frequency (n)

Percentage (%)

Quality of Sleep
Good 61 35.9
Poor 109 64.1
HbA1lc levels
Controlled 66 38.8
Uncontrolled 104 61.2
TOTAL 170 100

Table 2 shows that more than half of respondents (64.1%) experienced poor sleep quality and

had HbAlc levels that were categorized as uncontrolled (= 6.5%), which was 61.2% of respondents.
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Table 3. Sleep Disorder Complaints (n=170)

Sleep Disorder Never 1 time a week 2 time a week More than 3
. h) times a week

(in a mont n % n % n % n %
Cannot sleep within 30 20 117 36 21.2 26 15.3 88 51.8
minutes
Waking up in the middle 10  17.6 17 10.0 30 17.6 93 54.7
of the night or too early
in the morning
I had to get up to the 5 29 15 8.8 30 17.6 120 70.6
bathroom
Unable to breathe 84 494 45 26.5 26 15.3 15 8.8
comfortably
Cough at night 63 37.1 45 26.5 42 24.7 20 11.8
Feeling cold during sleep 129 759 17 10.0 14 8.2 10 59
Feeling hot during sleep 45 265 38 22.4 46 27.1 41 24.1
Nightmare 67 394 18 10.6 31 18.2 54 31.8
Feeling pain 12 7.1 34 20.0 46 27.1 78 45.9

Table 3 shows complaints of sleep disorders that are often experienced (more than 3x every
week) by respondents in the past month, are most likely to get up to the bathroom (70.6%), wake up
in the middle of the night, or too early (54.7%), cannot sleep within 30 minutes (51.8%), and feel pain
(45.88%).

Table 4. Correlation Between Quality of Sleep and HbA1C Level

HbA1c Level OR
Quality of Sleep  Control Uncontrolled o p value
(95% CI)
n % n %
Good 39 22.9 27 15.9 8,052 0.008
Poor 28 16.5 76 44.7 (1.630-9.682) '

Table 4 shows the relationship between sleep quality and HbAlc levels. The results of the chi-
square analysis showed that there was a significant relationship between sleep quality and HbAlc
levels of respondents (p = 0.008) with OR= 8.052 (95% CI: 1.630-9.682), which means that respondents
with poor sleep quality levels had an eight times greater chance of having HbAlc levels in the
uncontrolled category (= 6.5%) compared to respondents who had good sleep quality.

DISCUSSION

Sleep Quality of Adults with Type 2 Diabetes

Sleep quality is a complex thing related to a person's sleep patterns, habits, and duration in
meeting sleep needs. This study looked at sleep quality through the PSQI instrument. This study
showed that 109 respondents (64.1%) experienced poor sleep quality. This result is in line with
Rajendran et al.'s (2012) research on 120 T2DM patients, where 69% of respondents experienced poor
sleep quality, Zahra & Farida (2020) research on 110 T2DM patients aged 35-65 years showed 60% of
respondents experienced poor sleep quality, and Aini's (2016) research which stated that respondents
had poor sleep quality, which was 63.2%. The respondents taken in this study were adult respondents
according to the provisions of Menteri Kesehatan Republik Indonesia (2016) because they wanted to
avoid sleep quality problems caused by aging age so that the results of research related to sleep
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quality in respondents came from the condition of diabetes experienced and not because of age. The
average PSQI score obtained is 5-9, which shows that the average respondent has poor sleep quality.

Sleep has been shown to regulate glucose tolerance and dynamic balance. Circadian regulation
of sleep plays an essential role in insulin production, insulin sensitivity, and glucose consumption.
Diabetes Mellitus patients who experience sleep disorders and have a short sleep duration will cause
a decrease in insulin sensitivity which results in increased blood glucose and poor glycemic control
that aggravates the disease (Zhu et al., 2014). The results of Gupta & Wang (2016) study of 7,239
people with diabetes and analysis of 26 literature studies (Zhu et al., 2018) estimated the prevalence of
sleep problems in T2DM patients between 46% to 76%. Tan & Benedict (2020) said T2DM patients
often experience sleep problems which include insufficient sleep duration, insomnia, obstructive
sleep apnea (OSA), and hypersomnia. Prolonged hyperglycemia also causes changes in the body's
neurobehavioral, neurotransmitters, and autonomic functions, consequently leading to sleep
abnormalities (Khandelwal et al., 2017).

Poor sleep quality can be attributed to rapid changes in blood glucose levels at night and
discomfort associated with peripheral neuropathy (Khandelwal et al., 2017). This study shows
complaints of sleep disorders often experienced (more than 3x every week) by respondents in the past
month are the most have to get up to the bathroom (70.6%). This figure surpasses the study of Chang
et al. (2017)) in 275 T2DM patients, where 45.1% of patients experienced nocturia or frequent
urination at night and mentioned a significant relationship between nocturia and sleep quality (p<
0.001). Elevated blood glucose levels cause glucose to appear in the urine (glucosuria). Glucose in
urine can increase the osmolarity of tubular fluid, causing osmotic diuresis, which causes frequent
urination or polyuria (Sherwood, 2012).

In addition, 54.7% of respondents in this study experienced waking up in the middle of the
night or too early in the morning, and 51.8% of respondents could not sleep within 30 minutes
(51.8%). This research can undoubtedly be attributed to the sleep duration of diabetic patients in this
study. The average sleep duration of respondents is between 5-7 hours, so there are still respondents
with a sleep duration that is less than usual. Some of the factors researchers found related to this are
modern lifestyles characterized by more demanding workloads and increased use of technology
before bedtime, leading to optimal sleep neglect and misalignment of sleep-wake cycles.

This study also showed that 45.8% of respondents felt the pain that disturbed their sleep. Pain
is one of the conditions that reflect Restless Legs Syndrome (RLS); this is in line with what was
revealed by Surani (2015) that one condition that worsens sleep quality in diabetic patients is RLS.
The results of this study are slightly above the research of Khalil et al. (2020) which states that 27% of
diabetic respondents experience restless leg syndrome. Hyperglycemic conditions will cause
biochemical changes in nerve tissue so that they can interfere with metabolic processes and axon loss
(Price &; Wilson, 2012). This causes decreased sensory and motor functions that make the appearance
of nerve pain, such as numbness, stabbing, tingling, or burning sensation, which is generally in the
lower extremities so that people with diabetes are awake at night. (Smeltzer &; Bare, 2012).

HbA1c Levels

The results of this study showed that the HbAlc levels of respondents in the last three months
were more than half in the uncontrolled category (= 6.5%), which was 104 people (61.2%). This
condition shows that the respondent's glycemic control status is included in the uncontrolled
category (Soelistijo et al., 2019). The results of this study are not much different from the results of
the study of Barakat et al. (2019) on 1,211 T2DM patients where as many as 70% of respondents had
HbA1c levels in the uncontrolled category where this could happen because the study took the
HbA1c cut off point at > 7%.

Hemoglobin Alc (HbAlc) is a stable glucose bound to the N-terminal group in the HbAO
chain and commonly referred to as glycosylated hemoglobin, the primary subtype of hemoglobin,
and is a bond between hemoglobin and glucose. The advantages of HbAlc testing include being
standardized according to The Diabetes Control and Complication Trial (DCCT), having a better
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overall glucose exposure index and being able to assess long-term complications, having low
biological variability (<2%) from day to day for HbAlc compared to fasting glucose which has a
variability of 12-15%), relatively unaffected by acute conditions such as stress, can be performed at
any time, and is one type of examination that can be used to diagnose and assess glycemic control
(Lim et al., 2018).

HbAlc testing is more recommended to establish a diagnosis of diabetes because, based on
the National Health and Nutrition Examination Survey (NHANES), HbAlc levels can identify one-
third more undiagnosed cases of diabetes than fasting blood sugar levels (American Diabetes
Association Professional Practice Committee, 2022). HbAlc is a reliable indicator see blood glucose
control over three months. Through this examination, the ability of type 2 DM patients to control
their blood sugar and predict the possibility of complications or improvement can be known. HbAlc
levels indicate better long-term blood sugar control than short-term blood sugar or urine levels in
days or hours (Sack, dkk, 2011).

Sleep Quality and HbA1lc Levels in Adult Patients with T2DM

The results of this study showed that there was a significant relationship between sleep
quality and HbA1lc levels in adult patients with T2DM (p = 0.008). The results of this study are in line
with research by Barakat et al. (2019) in Jordan which shows a relationship between sleep quality
and HbAlc levels (p = 0.000). Several studies in Indonesia have also shown a relationship between
sleep quality and HbAlc levels. Zahra & Farida (2020) showed a significant relationship between
HbA1c levels and respondents' sleep quality (p = 0.000).

The analysis of 9 articles by Azizah et al. (2022) also found a relationship between sleep
quality and glycemic control, namely HbAlc, where respondents with poor sleep quality have
higher average HbAlc levels than respondents with good sleep quality. In addition, Azizah et al.
(2022) also analyzed eight articles that stated there was a relationship between sleep duration and U-
shaped glycemic control, where respondents with sleep duration of 7 hours/day had the lowest
HbA1c levels, while respondents with shorter sleep duration and more prolonged than 7 hours/day
had higher HbAlc levels so it can be concluded that a decrease in sleep duration will cause an
increase in HbAlc.

This study also showed that respondents with poor sleep quality were eight times more likely
to have uncontrolled HbAlc levels than T2DM patients with good sleep quality. A study conducted
by Chasens et al. (2013) of 107 T2DM patients showed that poor sleep quality was significantly
associated with difficulties in self-care, medication, and dietary adherence leading to poorer
glycemic control. Poor sleep quality, sedentary lifestyle, unhealthy eating patterns and imbalances
between circadian rhythms & behaviour are suspected as underlying mechanisms for metabolic
control disorders(Tan et al., 2018). Patients with sleep problems are more likely not to follow the
recommended dietary rules for diabetic patients; this was shown in a study that showed
respondents who did not get enough sleep consumed more carbohydrates, which would
undoubtedly increase HbAlc values (Hogenkamp et al., 2013; Taheri et al., 2004).

Although the study did not show a specific link between sleep duration and HbA1C levels in
diabetic patients, some studies have shown a link between these variables. Analysis conducted by
(Lee et al., 2017) of 20 studies showed short and long sleep duration was significantly associated
with higher HbAlc levels, thus indicating poor glycemic control compared to normal duration sleep.
This result showed an increase of 0.23% in HbAlc levels in patients with a sleep duration of less than
<6 hours/night and an increase of 0.13% in HbAlc levels in patients whose sleep duration was >8
hours/night. In line with this, a cross-sectional study on 13,346 T2DM patients aged 40-69 years
conducted by Tan & Benedict (2020) showed a significant relationship between sleep duration and
HbA1c (p<0.001).

This explanation can be related to the mechanism of insulin resistance to increased appetite
and impaired glucose tolerance in healthy people (Azharuddin et al., 2020). Frequent sleep
disturbances and short sleep duration disrupt energy balance through the mechanism of regulating
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hunger and appetite, where low levels of leptin and high levels of ghrelin (both of these hormones
play an essential role in regulating satiety and appetite). In addition, lack of sleep and waking up at
night is associated with decreased resistance of leptin levels leading to dysregulation of the
hypothalamic-pituitary-adrenal axis resulting in impaired insulin sensitivity and impaired glucose
affecting glycemic control(Pejovic et al., 2010; Taheri et al., 2004).

American Diabetes Association (2017), for the first time, recommends assessment of sleep
patterns and duration be part of a comprehensive medical evaluation of patients with diabetes. Sleep
health is an important modifiable risk factor for improving glycemic control in T2DM patients, in
addition to smoking and obesity (American Diabetes Association Professional Practice Committee,
2022). Prevention of sleep deprivation globally may not be possible because there are no uniform
recommendations on optimizing sleep quality and duration, especially regarding glucose
metabolism. However, an increased understanding of the physiological consequences of sleep
deprivation, including sleep schedules, should be optimized or even shift workers' work schedules
can be adjusted. Modifying the sleep environment or even systematically manipulating increased
slow sleep waves can improve sleep quality, thereby improving the body's healthy function to
maintain glucose homeostasis (Obayashi et al., 2013).

This study informs health services that most respondents have poor sleep quality and are
associated with HbAlc levels. It can also be a source of information for nursing science that with
poor sleep quality of T2DM patients, either unresolved sleep disorders or insufficient sleep duration
can be one of the factors of uncontrolled blood glucose.

There are some limitations to this study. This study was a cross-sectional study that could
only examine the association between sleep quality and HbAlc levels, so it could not determine the
direction of the relationship between these two variables. It could be that people with diabetes had
sleep disorders before getting a diagnosis of diabetes, and it also could not be determined whether
sleep disturbances contributed to glycemic control or whether complications of diabetes contributed
to sleep quality in people with diabetes. In addition, the quantity and quality of sleep were assessed
at a single point, so it may not adequately capture the ongoing effects of sleep disturbance and
glycemic control that occur over time in patients with T2DM. The same study with more samples is
needed so that these findings can be generalized to the population. Further studies are needed with
longitudinal designs where the measurement of sleep quality and glycemic control is carried out
objectively, which is carried out over some time in order to obtain strategies or interventions to
improve sleep quality and quantity.

CONCLUSION

This study showed that most respondents had HbAlc levels that needed to be better controlled, and
there was a significant relationship between HbAlc levels and sleep quality in type 2 DM patients.
Also, this study suggests that sleep quality and duration are new risk factors associated with poor
glycemic control in T2DM patients. Regular patient education can be done in groups about the
importance of sleep health, which can motivate T2DM patients to enjoy adequate sleep and improve
glycemic control.
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