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Sleep Extension Improves Glycemic Control in Type 2 Diabetes with 
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ABSTRACT
Background: The purpose of this study was to investigate whether sleep extension lowers blood glucose in patients 
with type 2 diabetes and chronic sleep restriction, and the moderating role of sleep apnea on the effect of sleep 
extension.

Methods: This study enrolled 19 adults with type 2 diabetes and a sleep duration of less than 7 hours per night, 
of whom 16 (84.2 %) had obstructive sleep apnea. They were instructed to sleep at their usual time for 3 weeks 
as baseline, and then to increase their time in bed by 1 more hour per night for 3 weeks. Their sleep duration 
was recorded using actigraphy monitoring and sleep logs. Their fasting plasma glucose, glycated albumin, and 
glycated hemoglobin were measured before and after sleep extension. 

Results: Nine of the 19 (47.4 %) participants had a decrease in glycated albumin after sleep extension, and these 
participants had a significantly higher apnea-hypopnea index (AHI; p < 0.001). The participants with an AHI 
≥ 30 times per hour were older (p = 0.04), had a shorter baseline total sleep time measured by actigraphy (p = 
0.04), and had a more significant decrease in glycated albumin after sleep extension (p = 0.01). The AHI level was 
significantly correlated with the extent of decrease in glycated albumin after sleep extension (r = 0.72, p = 0.001). 

Conclusion: The current study showed the potential of 3-week sleep extension in decreasing blood glucose in 
patients with diabetes comorbid with severe obstructive sleep apnea and sleep deprivation.
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Introduction
The quality and quantity of sleep have been reported to affect 
the metabolism of blood glucose in humans and significantly 
predict the risk of developing type 2 diabetes mellitus (DM) [1]. 
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Population studies have observed a U-shaped relationship between 
sleep duration and the risk of type 2 DM, in which individuals who 
self-report a habitual sleep duration of less than 7 hours or more 
than 8 hours are at an increased risk [2,3].

A sleep duration of less than 7 hours per night is regarded as being 
“short sleep" [4], although this is quite common nowadays for 
people living in modern societies. This chronic restriction of sleep 
may increase the risk of obesity and diabetes via multiple pathways, 
including harming glucose regulation parameters, dysregulation of 
the neuroendocrine control of appetite leading to excessive food 
intake, and decreased energy expenditure [4,5]. Recurrent partial 
sleep restriction has been shown to lead to marked alterations 
in glucose metabolism, including decreased glucose tolerance, 
decreased insulin sensitivity, and increased insulin resistance [5,6]. 
The neuroendocrine regulation of appetite has also been shown 
to be affected by decreased levels of the anorexigenic hormone 
leptin and increased levels of the orexigenic factor ghrelin [5,7]. 
Importantly, these neuroendocrine abnormalities have been 
correlated with increased hunger and appetite, especially for 
calorie-dense foods with high carbohydrate content, which may 
further lead to overeating and weight gain [7].

Short sleep not only increases the risk of developing type 2 DM 
[1,8-13], but has also been associated with poor glycemic control 
in diabetic patients [14]. Fasting blood glucose and glycated 
hemoglobin (A1C) show a U-shaped trend corresponding to sleep 
duration, with a sleep duration of 7 hours per night having the 
lowest A1C [14]. Therefore, increasing sleep duration may have 
beneficial effects on reducing blood glucose for short sleepers. In 
healthy non-obese young adults, Leproult and colleagues found 
that extending sleep by increasing the time in bed by 1 hour per day 
for 6 weeks resulted in improvements in fasting insulin sensitivity 
[15]. However, it was not known whether the same effects existed 
in diabetic patients.

In addition to self-imposed sleep restriction, comorbid sleep 
disorders can also affect sleep in DM patients. In particular, 
obstructive sleep apnea (OSA) shares common risk factors 
with DM, such as obesity. Up to 40 % of OSA patients have 
DM [16], and about 23 % of DM patients have OSA [17]. The 
pathophysiological link between OSA and DM is still unclear, 
however sleep fragmentation and intermittent hypoxia may be 
important mechanisms [18]. Sleep fragmentation has been shown 
to enhance sympathetic activity and reduce insulin sensitivity, 
causing hyperglycemia [19], and hypoxia has been shown to induce 
insulin resistance [20] and also trigger the release of sympathetic 
hormones such as epinephrine, norepinephrine, and cortisol [21-23]. 
Epinephrine has been shown to stimulate gluconeogenesis in the 
liver, and inhibit glucose utilization in muscle, thereby increasing 
blood glucose. Hypoxia can provoke oxidative stress, causing 
dysregulation of the hypothalamic-pituitary-adrenal axis and 
inflammatory responses [24]. The elevation of pro-inflammatory 
biomarkers, such as tumor necrosis factor-α, interleukin-6, high-
sensitivity C-reactive protein, fibrinogen, and uric acid, may result 
in insulin resistance and impede the utilization of glucose [25,26]. 

Reutrakul and Van Carter proposed a mechanism to explain 
how sleep deprivation, sleep fragmentation, OSA, and hypoxia 
contribute to hyperglycemia and DM [27]. Taken together, OSA 
appears to be an essential factor that contributes to the dysregulation 
of blood glucose metabolism in DM. Therefore, gaining sufficient 
sleep may be particularly beneficial for DM patients comorbid 
with OSA with regards to blood glucose regulation.

The purpose of this study was to investigate whether extending 
sleep duration could improve glycemic control in DM patients with 
a short habitual sleep duration, in order to examinate the potential 
of using sleep extension as a strategy to improve glycemic control 
in diabetic adults with chronic sleep restriction. The moderating 
role of OSA on the effect of sleep extension was also investigated.

Methods
Study Participants
This study was approved by the Taipei Medical University Joint 
Institutional Review Board (approval number N201602031). 
Written informed consent was provided by all participants. From 
June 2016 to November 2018, 24 patients with type 2 diabetes and 
a sleep duration of less than 7 hours per night were recruited from a 
university hospital and enrolled in this study. The inclusion criteria 
were: 1) adults aged 20 years or older; 2) a diagnosis of type 2 
diabetes; 3) having a habitual sleep duration of less than 7 hours; 
4) non-shift-workers; 5) not being pregnant; 6) not using steroids, 
insulin, or sleep-promoting medications; and 7) not having medical 
and/or psychiatric disorders, such as liver or kidney dysfunction, 
cardiovascular, thyroid, or any psychiatric diseases. At the 
time of recruitment, they received blood examinations to check 
their blood glucose levels and to make sure their renal function 
(blood urea nitrogen, BUN; and creatinine), liver function 
(serum glutamic oxaloacetic transaminase, SGOT; and serum 
glutamic pyruvic transaminase, SGPT) and thyroid function 
(free T4; and thyroid-stimulating hormone, TSH) were normal. 
They also received an overnight polysomnography study to 
evaluate sleep disorders. 

Sleep Extension and Assessment of Sleep Parameters
The participants were requested to sleep according to their usual 
sleep schedule for 3 weeks. They were then instructed to extend 
their sleep by increasing the time in bed by 1 more hour per day 
for 3 weeks. Their sleep durations were recorded in daily sleep 
logs (subjectively) and with actigraphy monitoring (objectively). 

(1) Daily Sleep Logs:
After getting up every day, the participants were asked to recall 
the previous night’s sleep and record their sleep schedule, as well 
as their sleep onset latency (SOL), the total period of wakefulness 
occurring after sleep onset (WASO), and the time they got up. The 
total sleep time recorded in the sleep logs (logTST) was calculated 
by subtracting the total period of WASO from the time they fell 
asleep to the time they got up.
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(2) Actigraphy Monitoring:
In this study, a Mini Mitter ActiWatch (Mini Mitter Company, 
Inc., USA) with Actiware software version 5.0 was used to assess 
the quantity of sleep. During the study period, the participants were 
asked to wear the actigraphy device on the non-dominant wrist all 
day, except when they were taking a bath/shower. The total sleep 
time estimated by the actigraphy watch (wTST) was calculated as 
the total sleep duration minus the total period of WASO.

Blood Glucose Measurement
The participants’ blood glucose levels were measured once after 3 
weeks of regular sleep, and then once again after 3 weeks of sleep 
extension. In addition to fasting plasma glucose and A1C (which 
reflects the average blood glucose in the previous 2-3 months), 
glycated albumin (GA) was measured as a marker of average 
blood glucose, specifically within the recent 2-3 weeks [28,29], 
in order to reflect instant blood glucose changes after short-term 
sleep extension for 3 weeks. For the diagnosis of prediabetes and 
diabetes, the established cut-off points for fasting plasma glucose 
are 100 mg/dL (5.55 mmol/L) and 126 mg/dL (6.99 mmol/L), 
and for A1C are 5.7 % (39 mmol/mol) and 6.5 % (48 mmol/mol). 
For GA, the corresponding cut-off points were defined as 14.5 
% (264 mmol/mol) and 16.5 % (299 mmol/mol), respectively, 
as suggested by Hsu et al for Taiwanese populations [30]. After 
blood glucose measurements, the average total sleep times were 
collected from the daily sleep logs and actigraphy devices. Five 
participants with missing sleep duration data were excluded, and 
the remaining 19 participants completed the study. Figure 1 shows 
the study flow chart. 

Figure 1: Flow chart of the study.

Statistical Analysis
Means and standard deviations (SD) were calculated for all 
continuous variables. The t-test and analysis of variance were used 
to compare differences between baseline and after sleep extension. 
The chi-square test was used to compare nominal variables, and 
Pearson correlation coefficients were used to assess correlations 
between the sleep and blood sugar variables. An alpha level of 
0.05 was used for statistical significance. All statistical analyses 

were performed using IBM SPSS Statistics version 22.0 (SPSS 
Inc., Chicago, IL, USA).

Results
Participants’ Characteristics
Of the 19 participants, 12 (63.2 %) were male and seven were 
female (36.8 %), with an average age of 58.9 ± 9.6 (range, 41-
79) years. All of them had type 2 diabetes and were using oral 
hypoglycemic agents. Eight (42.1 %) had A1C ≤ 6.4 % (46 mmol/
mol) and 11 (57.9 %) had A1C ≥ 6.5 % (48 mmol/mol). All of 
them had normal levels of BUN, creatinine, SGOT, SGPT, free 
T4, and TSH. The polysomnography study revealed that 16 of the 
participants (84.2 %) had OSA, of whom two (12.5 %) had mild 
OSA (apnea-hypopnea index, AHI = 5-15 times per hour), five 
(31.3 %) had moderate OSA (AHI = 15-30 times per hour), and 
nine (56.3 %) had severe OSA (AHI ≥ 30 times per hour). Table 1 
shows the characteristics of the participants. 

Table 1: Characteristics of the study participants.
Characteristics (n=19)
Age, years 58.9 ± 9.6
Female, n (%) 7 (36.8)
Body mass index, kg/m² 26.2 ± 4.3
Obstructive sleep apnea, n (%)  16 (84.2)
Total sleep time (actigraphy), minutes
Baseline
After extended sleep

266.1 ± 48.7
276.6 ± 49.0

Total sleep time (log), minutes
Baseline
After extended sleep

392.1 ± 51.2
415.2 ± 40.1

Fasting glucose, mg/dL (mmol/L)
Baseline
After extended sleep

125.2 ± 22.8 (6.95 ± 1.27)
122.8 ± 26.4 (6.82 ± 1.47)

Glycated albumin, % (mmol/mol)
Baseline
After extended sleep

15.6 ± 2.1 (283 ± 45)
15.7 ± 2.0 (285 ± 43)

Glycated hemoglobin, % (mmol/mol)
Baseline
After extended sleep

6.7 ± 0.7 (50 ± 7)
6.7 ± 0.7 (50 ± 7)

Data are summarized as count (percentage) or mean ± SD. 

Sleep Parameters
According to the sleep logs, the mean logTST before (logTST_B) 
and after (logTST_E) sleep extension were 392.1 ± 51.2 minutes and 
415.2 ± 40.1 minutes, respectively (t = -2.05; p = 0.06). According to 
actigraphy monitoring, the mean wTST before (wTST_B) and after 
(wTST_E) sleep extension were 266.1 ± 48.7 minutes and 276.6 ± 49.0 
minutes, respectively (t = -1.93; p = 0.07). Although the participants 
were instructed to extend their sleep duration for 1 hour per day, the 
average sleep duration measured both by sleep logs and actigraphy 
showed only a marginal extension. According to the sleep logs, four 
participants (21.1 %) extended their sleep duration by at least 1 hour, 
four (21.1 %) increased their sleep duration by 30-60 minutes, and 
eight (42.1 %) failed to extend their sleep duration by more than 10 
minutes. According to actigraphy monitoring, only one participant 
(5.3 %) extended their sleep duration by at least 1 hour, three (15.8 
%) increased their sleep duration by 30-60 minutes, and nine (47.4%) 
failed to extend their sleep durations by more than 10 minutes. 
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Comparison of the Blood Glucose Levels before and after 
Sleep Extension
The fasting plasma glucose levels before and after sleep extension 
were 125.2 ± 22.8 mg/dL (6.95 ± 1.27 mmol/L) and 122.8 ± 26.4 
mg/dL (6.82 ± 1.47 mmol/L) (t = 0.74; p = 0.47), respectively, and 
the GA levels before and after sleep extension were 15.6 ± 2.1 % 
(283 ± 45 mmol/mol) and 15.7 ± 2.0 % (285 ± 43 mmol/mol) (t 
= -0.28; p = 0.78), respectively. The A1C levels before and after 
sleep extension were 6.7 ± 0.7 % (50 ± 7 mmol/mol) and 6.7 ± 0.7 % 
(50 ± 7 mmol/mol) (t = 0.73; p = 0.47), respectively. When all of the 
participants were included in the analyses, none of the blood glucose 
measures showed a significant decrease after sleep extension. 

Pearson correlation coefficients were used to analyze the 
associations between the extent of sleep extension estimated by the 
actigraphy watch (ΔwTST; calculated as wTST_E - wTST_B) and 
the reduction in blood glucose. The results showed no significant 
correlations between ΔwTST and the reduction in any of the 
glucose indices: Δfasting glucose (p = 0.479, r = -0.013), ΔGA (p 
= 0.262, r = -0.156), and ΔA1C (p = 0.276, r = -0.145). 

Demographic data and sleep measures were compared between the 
participants who had an increase and decrease in GA after sleep 
extension (Table 2). Those with decreased GA were marginally 
older (p = 0.06) and had a significantly higher AHI (p < 0.001). 
Demographic data and sleep measures were also compared 
between the participants with and without severe OSA (Table 3). 
Those with an AHI ≥ 30 times per hour (severe OSA) were older 
(p = 0.04), had a shorter baseline total sleep time measured by 
actigraphy (p = 0.04), and had a more significant decrease in GA 
after sleep extension (p = 0.01). As shown in Figure 2, the AHI 
level was significantly correlated with the extent of the decrease in 
GA after sleep extension (r = 0.719, p = 0.001).

Table 2: Comparison of the participants with an increase and decrease in 
glycated albumin after sleep extension.

Increase 
(n=10) Decrease (n=9) p value

Female (%) 5 (50.0) 2 (22.2) 0.21
Age, years 55.0 ± 8.1 63.3 ± 9.7 0.06
Body mass index, kg/m² 27.2 ± 4.1 25.1 ± 4.4 0.29
Apnea-hypopnea index, times/hour 15.3 ± 10.1 45.8 ± 19.1 <0.001
Baseline total sleep time, minutes* 268.7 ± 48.2 263.1 ± 52.0 0.81
Increase in total sleep time, minutes* 13.0 ± 20.7 7.8 ± 28.0 0.65
Baseline glycated hemoglobin, % 
(mmol/mol)

6.5 ± 0.5 (48 
± 5)

7.0 ± 1.1 (53 
± 12) 0.15

Data are summarized as count (percentage) or mean ± SD. *Total sleep 
time was recorded using actigraphy.

Table 3: Comparison of the participants with and without severe 
obstructive sleep apnea.

AHI < 30 (n=10) AHI ≥ 30 (n=9) p 
value

Female (%) 5 (50.0) 2 (28.6) 0.21
Age, years 54.7 ± 6.9 63.7 ± 10.3 0.04
Body mass index, kg/m² 26.7 ± 4.1 25.7 ± 4.7 0.62
Baseline glycated hemoglobin, 
% (mmol/mol) 6.7 ± 0.4 (50 ± 4) 6.8 ± 1.2 (51 ± 

13) 0.68

Decrease in glycated albumin, 
% (mmol/mol) - 0.5 ± 0.5 (-1 ± 16.3) 0.4 ± 0.9 (15 ± 23) 0.01

Baseline total sleep time 
(actigraphy), minutes 287.6 ± 35.7 242.1 ± 51.6 0.04

Increase in total sleep time 
(actigraphy), minutes 14.3 ± 26.2 6.3 ± 21.7 0.48

Baseline total sleep time (log), 
minutes 385.9 ± 47.4 399.0 ± 57.2 0.59

Increase in total sleep time 
(log), minutes 25.9 ± 53.7 20.0 ± 46.8 0.8

Data are summarized as count (percentage) or mean ± SD. AHI = Apnea-
hypopnea index.

Figure 2: Correlation between the apnea-hypopnea index level and the 
extent of decrease in glycated albumin after sleep extension. 

Discussion
To the best of our knowledge, this is the first study to demonstrate 
a potential reduction in blood glucose levels in Taiwanese adults 
with type 2 DM comorbid with severe OSA after extending their 
daily sleep duration over a short period of 3 weeks. In addition 
to fasting glucose and A1C, GA was chosen as a more suitable 
parameter to reflect a temporary blood glucose change after 3 
weeks of sleep intervention. Although the results showed that the 
overall blood glucose level changes after the sleep intervention 
were not significantly improved, OSA had a moderating effect on 
the influence of sleep extension on blood glucose reduction. 

At enrollment, the participants received overnight polysomnography, 
which showed that a high percentage (84.2%, 16/19) of the participants 
had OSA, and that nine of these 16 participants (56.3%) had severe 
OSA (AHI ≥ 30 times per hour).

Furthermore, these participants with severe OSA had a shorter 
baseline total sleep time as measured by actigraphy, but their 
baseline total sleep time recorded in sleep logs was similar to that 
of the participants with AHI < 30 times per hour. This is probably 
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because sleep-disordered breathing induces brief “movement 
arousals” during sleep, which would be interpreted as being 
“awake” in actigraphy but as “sleep” in subjective reports [31]. 
Thus, the participants with severe OSA may have had a shorter 
total sleep time when measured using actigraphy than in sleep logs.

More importantly, we found a significant decrease in GA after 
sleep extension in the participants with AHI ≥ 30 times per hour, 
and a linear correlation between the extent of GA reduction and 
the AHI level. This finding suggests that sleep extension for a short 
period of 3 weeks can reduce GA in patients with severe OSA, 
even if the total sleep time is not increased by 1 full hour per night. 
As such, severe OSA patients with DM may be advised to avoid 
self-imposed sleep deprivation in order to have better control 
over their blood glucose level. However, the long-term effect of 
sleep extension on blood glucose and the underlying mechanisms 
remains undetermined and warrant further studies. 

Because OSA induces insulin resistance, continuous positive 
airway pressure (CPAP) treatment should improve blood glucose 
control in patients with DM and OSA. However, previous 
studies have reported controversial results about the effect of 
CPAP treatment on blood glucose control [32]. Some studies 
have found that CPAP can improve insulin sensitivity [33-38], 
whereas others have shown no significant therapeutic effect of 
CPAP on hyperglycemia or insulin resistance [39-41]. While these 
inconsistencies may be due to difference between the studies such 
as sample sizes and populations, other confounding factors such 
as sleep duration may also have contributed to the inconsistent 
results. This finding also indicates the importance of lifestyle 
factors in the treatment of DM.

There are several limitations to this study. First, only 19 participants 
were included, and only some successfully extended their total sleep 
time. The average sleep extension time was far less than 1 hour, 
with a mean sleep extension duration of 23.12 minutes as measured 
by sleep logs and 10.54 minutes as measured by actigraphy. The 
sleep extension in this study might not be sufficient to influence 
blood glucose. In addition, Tsai and colleagues (2012) reported 
worse blood glucose control in patients with DM who had worse 
sleep quality (Pittsburgh Sleep Quality Index ≥ 8) [42]. Thus, sleep 
quality, in addition to sleep duration, should probably be taken into 
consideration. Second, the present study did not control for other 
possible confounding variables, such as diet, exercise, medications, 
and the duration of diabetes. This may have caused negative findings 
in the overall effect of sleep extension. Future studies with a larger 
sample size, better control of the sleep extension procedure, and 
better control over confounding variables are warranted to further 
investigate this issue.

Conclusions
In conclusion, we did not find an overall beneficial effect of a 
3-week sleep extension on glucose metabolism in DM patients 
with chronic sleep restriction. However, OSA was found to be 
a moderator for the effect. Sleep extension decreased the blood 
glucose marker, GA, in our type 2 DM patients with severe OSA. 

Sleep extension may modify glucose metabolism by improving 
insulin sensitivity and by reducing insulin resistance. Although 
hypoglycemic agents with diet control are the mainstay of treatment 
for type 2 DM, sleep extension could be a complementary therapy, 
especially for patients with self-imposed sleep deprivation who are 
comorbid with severe OSA. These findings may have great clinical 
implication. However, due to the preliminary nature of the study, 
future studies are warranted to confirm our findings.
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