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Sleep and glycemic control
in type 1 diabetes
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ABSTRACT
Objective: Our aim in the present study was to elucidate how type 1 diabetes mellitus (T1DM) and
sleep parameters interact, which was rarely evaluated up to the moment. Materials and methods:
Eighteen T1DM subjects without chronic complications, and 9 control subjects, matched for age and
BMI, were studied. The following instruments used to evaluate sleep: the Epworth Sleepiness Scale,
sleep diaries, actimeters, and polysomnography in a Sleep Lab. Glycemic control in T1DM individuals
was evaluated through: A1C, home fingertip glucometer for 10 days (concomitant with the sleep diary
and actimeter), and CGM or concomitant with continuous glucose monitoring (during the polysomnography night). Results: Comparing with the control group, individuals with diabetes presented
more pronounced sleep extension from weekdays to weekends than control subjects (p = 0.0303).
Among T1DM, glycemic variability (SD) was positively correlated with sleep latency (r = 0.6525,
p = 0.0033); full awakening index and arousal index were positively correlated with A1C (r = 0.6544,
p = 0.0081; and r = 0.5680, p = 0.0272, respectively); and mean glycemia values were negatively correlated with sleep quality in T1DM individuals with better glycemic control (mean glycemia < 154 mg/dL).
Conclusion: Our results support the hypothesis of an interaction between sleep parameters and
T1DM, where the glycemic control plays an important role. More studies are needed to unveil the
mechanisms behind this interaction, which may allow, in the future, clinicians and educators to consider sleep in the effort of regulating glycemic control. Arch Endocrinol Metab. 2015;59(1):71-8
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INTRODUCTION

T

here is growing evidence that sleep disorders and
sleep loss affect glucose metabolism and insulin
resistance (1-5). At the same time, altered glucose metabolism may impact sleep quality (6,7). Relationships
between type 2 diabetes mellitus (T2DM) and sleep
disordered breathing have been extensively studied.
Patients with T2DM present an extremely high prevalence of obstructive sleep apnea, which in turn contri
butes to poor glycemic control (6,8). In contrast, the
relationship between type 1 diabetes mellitus (T1DM)
and sleep has not been frequently investigated.
In the present study we evaluate a possible interaction between T1DM and sleep, as proposed before (9).
We performed this study in order to broaden the understanding of this vicious circle. Differences between
sleep variables in people with T1DM and their peers
Arch Endocrinol Metab. 2015;59/1

have already been shown (10). Furthermore, the glycemic control was shown to affect sleep in T1DM, and
apnea was positively associated with glycated hemoglobin (A1C) and with the disease duration (11,12).
Moreover, nocturnal hypoglycemia was associated with
sleep deepening, whereas glycemic variation has been
considered to cause awakenings among T1DM children
(12). In addition, authors comparing T1DM adults
with controls reported that T1DM subjects presented
changes in sleep architecture, with increased proportion of stage 2, besides higher levels of epinephrine and
growth hormone during the entire night, and higher
ACTH and cortisol during part of the first half of the
night (13). As a consequence, T1DM subjects report
less restorative sleep (13), and present higher risk for
obstructive sleep apnea and poorer sleep quality than
control subjects (14).
71

Copyright© AE&M all rights reserved.

DOI: 10.1590/2359-3997000000013

Sleep and glyc. control in t. 1 diabetes

Therefore, considering the evidence that sleep quality and duration may affect glucose metabolism (6,15),
and with the evidence presented above that sleep quality and duration may be altered in T1DM, we evaluated
several sleep and sleep related parameters to broaden
the understanding associations of glycemic control and
sleep parameters in T1DM patients. Our hypothesis is
that poor glycemic control may impact several sleep parameters, including: architecture, quality, and duration.
At the same time, sleep impairments may hinder glycemic control in T1DM patients.

MATERIALS AND METHODS
Subjects
Eighteen young adults with T1DM, free of diabetes
chronic complications, and not taking drugs that could
affect sleep, were recruited. They were no night or shift
workers and had no previous diagnosis of sleep disor
ders. In order to select individuals without chronic
complications, all T1DM volunteers were subjected to
retinal inspection by ophthalmologists, measurement
of 24 h microalbuminuria and creatinin levels, 10 g
monofilament sensation, vibration perception with a
128-Hz tuning fork, resting heart rate, and pressure
adaptation when standing up. Individuals presenting
impairment in any of these tests, interpreted according
to ADA’s Standards of Medical Care in Clinical in Diabetes (16), were not included in the study.
Nine control subjects, matched for age and BMI,
free of drugs with effect on sleep, no night or shift
workers, and without previous diagnosis of sleep disorders, were recruited. Even though these individuals
were not obese and had no diabetes symptoms, all of
them did a blood glucose test after fasting of 8 hours at
a reference laboratory.
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Instruments
Data from all individuals were collected with sleep diaries and actimeters (Tempatilumi, wrist accelerometer
produced by CEBrasil) simultaneously during 10 consecutive days, between the end of February and beginning of March. The actimeter was continuously worn
on the non-dominant wrist, removed only for shower
or any water activity. All volunteers were instructed to
press the actimeter event button immediately before
removing it, in order to identify unworn periods. Du
ring these 10 days, T1DM individuals performed 6-10
72

home blood glucose tests a day, with a Performa® glucometer (Roche Diagnostics, Mannheim, Germany).
The sleep diary was adapted from the Pittsburgh Sleep
Diary Wake Time (17), excluding mood and alertness
items. Sleep quality was reported by individuals upon
awakening also using a Visual Analogue Scale – VAS
(18). For the individuals with diabetes a question about
hypoglycemia and hyperglycemia during the night and
the glycemic value, if measured, was included in the
diary. In addition, all volunteers were subjected to: 1
night of polysomnography, and the Epworth Sleepiness
Scale (ESS). T1DM subjects wore a Continuous Glucose Monitoring System (CGMS®, Medtronic) during
the polysomnography (PSG); and had their A1C measured after the collection of all other data. The polysomnography equipment used was the EMBLA (Flagra
hf. Medical Devices, Reykjavik, Iceland), performed in
a blinded manner, at the InCor-HCFMUSP Sleep Lab.
Monitoring included 4 channels of electroencephalogram, 2 channels of electrooculogram, besides channels
for: electrocardiogram, chin and anterior tibial electromyogram, pulse oxymetry, airflow (oronasal thermistor
and cannula pressure), and chest and abdominal straps.

Analysis
In order to perform some of the analyses, the T1DM
group was divided two groups according to the individual mean glycemia (MG), considering all the measurements performed during the 10 consecutive days.
The 9 individuals with mean glycemia below 154 mg/dL
(which corresponds to an A1C of 7.0% (53 mmol/
mol) (19) composed the low mean glycemia group
(LMG), whereas the other 9 (mean glycemia above
154 mg/dL) were considered the high mean glycemia
group (HMG). This division was made considering the
American Diabetes Association A1C goal (< 7.0%, 53
mmol/mol) to most adults with diabetes (16).
In addition, the two other variables considered to
assess glycemic control were: A1C and glycemic variability (GV), calculated here as the standard deviation
(SD) of the 10 consecutive days of measured glycemias.
Polysomnography tests were scored blindly and
analyzed by an experienced physician, according to the
American Academy of Sleep Medicine manual (20).
Data from the actimeters were processed with El
Temps software (Díez-Noguera, 1, 209+, Barcelona),
in order to identify period, amplitude, potency, and
acrophase of each subjects’ rest/activity rhythm.
Arch Endocrinol Metab. 2015;59/1
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All collected data were analyzed using the following
tests: Shapiro-Wilk’s W test for normality (data from all
variables presented p value greater than 0.05); Pearson
correlation coefficient, for comparison between variables;
T-test for independent samples, when comparing two
groups; ANOVA one-way, when comparing data from
more than two groups. All results with p value under 0.05
were considered significant. All algorithms used are part
of the Statistic software (StatSoft, Inc., 2004, version 6).

Among our volunteers, 78% (14 from the T1DM
group, and 7 from the control group) presented longer
sleep duration during the weekends (Friday to Saturday
and Saturday to Sunday) compared to weekdays (Monday
to Tuesday, Tuesday to Wednesday, Wednesday to Thursday, and Thursday to Friday). When comparing this sleep
duration difference between both groups, the 14 T1DM
individuals difference was of 2 h 01 min 33 s ± 1 h 07 min
19 s, while in the 9 control individuals it was of 57 min 17 s
± 36 min 24 s (p = 0.0303). The high duration of sleep
time on weekend nights or during holidays compared to
weekday nights is suggestive of behaviorally induced insufficient sleep, according to Hublin and Sallinen (21).
Sleep quality did not correlate with the mean glycemia, nor with the glycemic variability of T1DM individuals (p = 0.4381, p = 0.4046, respectively). When the
T1DM individuals were separated by the mean glycemia
values, only the Low Mean Glycemia group presented
significant negative correlation of mean glycemia with
sleep quality (r = -0.8508, p = 0.0036). No difference
between the sleep latency of T1DM and control individuals was observed (p = 0.6347). The average of the
sleep latency, reported by the individuals during the 10
days, was positively correlated with the glycemic variability (r = 0.6525, p = 0.0033, Figure 1).

Ethics
The study was approved by the Ethics Committee for
Research in Human Beings of Instituto de Ciências
Biomédicas, University of São Paulo, number 873/
CEP. It was also approved by all other partner institutions, Associação de Diabetes Juvenil, Hospital das
Clínicas e Instituto do Coração da Faculdade de Medicina da Universidade de São Paulo. Informed consent
has been obtained from all participants.

RESULTS
T1DM subjects’ age was between 20 and 38 years
(26.3 y ± 5.1 y). They were non-obese (BMI: 23 ± 2.9
kg/m2), 8 were male, and 10 female, and their disease
duration was 12.9 y ± 7.2 y. The nine control subjects’
age was between 23 and 38 years (28.8 y ± 5.3 y), BMI:
22 ± 2.7 kg/m2, and 4 of them were male. Other information concerning T1DM individuals’ glycemic control, and sleep parameters from both groups, T1DM
and control, are found on table 1.

Actimeter
The rest/activity rhythm was analyzed in terms of pha
ses duration, period, amplitude, potency, acrophase,
and difference between the observed period and 24
hours. No significant difference was found between the
T1DM and control groups in any of these variables.
Night rest duration did not present a significant correlation with mean glycemia (r = 0.5404, p = 0.0697),
whereas it presents a tendency of positive correlation
with glycemic variability (r = 0.5706, p = 0.0527). Interestingly, when considering just the Low Mean Glycemia
group, the correlation of the mean glycemia with the night rest duration was negative (r = -0.8987, p = 0.0381).

Sleep diary
No difference between the sleep duration of T1DM
and control individuals was observed (p = 0.3146).
Sleep duration was neither correlated with mean glycemia, nor with glycemic variability (r = 0.3043, p =
0.2196; r = 0.1075, p = 0.6710; respectively).
Table 1. Main glycemic control and sleep parameters
HbA1c

Mean
glycemia
(mg/dL)

Glycemic
variability
(mg/dL)

Mean sleep
duration
(min.)*

Mean sleep
quality*

Mean sleep
latency
(min.)*

PSG sleep
efficiency

T1DM

7.8 ± 1.7

167 ± 40

74 ± 17

431 ± 54

7.1 ± 1.1

13 ± 10

Control

–

–

–

456 ± 43

7.5 ± 1.6

15 ± 9

T-test

–

–

–

ns

ns

ns

PSG arousal
index

PSG apnea/
Hypopnea
index

90.1% ± 6.7%

15.6 ± 5.9

3.4 ± 2.1

87.2% ± 6.8%

21.6 ± 14.4

2.9 ± 2.6

ns

ns

ns
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Groups

Mean ± standard deviation.
ns: non-significant difference between both groups.
* Data from the sleep diaries.
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Figure 1. Correlation between glycemic variability and sleep latency
(r = 0.6525, p = 0.0033).
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None of our volunteers (T1DM and control) presented
sleep disorders. The only sleep parameters correlated
with the mean glycemia were the full awakenings index (r = 0.5684, p = 0.0271, Figure 2A) and the apnea-hypopnea index. Surprisingly the correlation with
apnea-hypopnea index was negative (r = -0.5573, p =
0.0309), as well as a tendency of correlation between
apnea-hypopnea index and glycemic variability (r =
-0.4928, p = 0.0620). It is possible to observe, though,
that this result reflects especially the highest apneahypopnea index of the 5 individuals with lowest mean
glycemia (p = 0.0011). Similarly to the mean glycemia,
A1C was positively correlated with awakenings index (r
= 0.6544, p = 0.0081, Figure 2B) and arousal index (r =
0.5680, p = 0.0272, Figure 2C). The 25% highest glycemic variability T1DM individuals had a significantly
higher awakenings index (p = 0.0092, Figure 2D).
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Figure 2. (A-B) Correlation of full awakening index with mean glycemia (r = 0.5684, p = 0.0271), and with A1C (r = 0.6544, p = 0.0081), respectively;
(C) correlation between arousal index and A1C (r = 0.5680, p = 0.0272); (D) full awakening index of the 25% highest glycemic variability (group 2),
comparing to the others (75%, groups 1) (p = 0.0092).
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Only one individual presented low glucose levels
(< 70 mg/dL) during polysomnography. His glucose
stayed low for more than 3 hours. During this time,
which was 42.4% of the total sleep duration, this individual did not wake up, and presented less hypopneas
(33.3%) and awakenings (31.6%) than during the rest
of the night. Additionally, REM sleep was prevalent during this period as seen on figure 3.

Figure 3. Polysomnography register of the T1DM individual who presented
hypoglycemia (< 70 mg/dL) for more than 3 hours during this night.

Epworth Sleepiness Scale
There was no difference between the control and the
T1DM group, nor between High Mean Glycemia and
Low Mean Glycemia groups (p = 0.1065, p = 0.4791,
respectively). On the other hand the percentage of individuals with a score higher than 10 in the T1DM group
was much higher than in the control group (39%, and
11%, respectively).

DISCUSSION
The correlations observed between sleep aspects and
glycemic control are suggestive of the hypothesized asArch Endocrinol Metab. 2015;59/1

sociations. Although our sample size was limited, it was
similar to those of previously published studies with
T1DM. However, in contrast, we have used a wide
range of validated measurement instruments to access
sleep parameters, besides more extensive data collection through sleep diaries and actimeters.
In the case of mean sleep latency, a positive correlation with glycemic variability was observed. In other
terms, this may be understood as higher difficulty in
falling asleep in case of higher glycemic variability. Although this was shown for the first time in our study,
it coincides with informal observations both from clinicians and especially from individuals with diabetes, who
sometimes report trouble to sleep when experiencing
glycemic variations.
The absence of correlation between sleep duration
and glycemic control was not surprising, since other
groups have reported similar results before (10,14).
In our study, differently from findings of other groups
that studied T1DM children and adolescents (10,12),
and in accordance with a study with T1DM adults (14),
sleep duration was not different between T1DM and
control subjects. While Pillar and cols. reported in 2003
decreased sleep duration in children with T1DM (12),
Yeshayahu and Mahmud reported in 2010 longer sleep
durations in adolescents with T1DM (10). The me
thods used in those two studies were different, whereas
the first gauged sleep duration during the polysomnography night, the second considered reported sleep duration. Moreover, there is an age difference that should
be considered.
Even though sleep and rest duration were not different between T1DM and control, the duration of
sleep extension during weekends was more than twice
as long in T1DM patients as it was for control subjects.
Taking into account these observations, we speculate
that in an environment free of social demands, most
of the T1DM individuals would present longer sleep
duration than controls, supporting Yeshayahu and
Mahmud findings (10).
Moreover, knowing that the sleep extension presented is suggestive of behaviorally induced insufficient
sleep (21), which may result of daily sleep deprivation,
we understand that the glycemic control in those individuals may be affected. Several authors have reported
the negative impact of sleep deprivation, as well as of
behaviorally induced insufficient sleep, on insulin resistance and glucose tolerance, as well as learning,
memory, attention, immune response, cardiovascular
75
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function, and neuro-hormonal regulation (21-26).
Concerning specifically T1DM, a study revealed that
a single partially deprived night is enough to produce
insulin resistance (27). In this study individuals were
allowed to sleep for 4 hours at night, and in the following day their insulin sensitivity was reduced in 14-21%.
We consider sleep quality an important parameter,
since it was shown, in T2DM, to be negatively correlated with A1C (15). In addition, worse sleep quality was previously reported in individuals with T1DM
(13,14), which we did not observe in the present study.
In Jauch-Chara and cols.’s study a questionnaire was
applied after a polysomnography night (13), whereas
our individuals reported their sleep quality on a visual
analogue scale every morning. When taking into account ESS score, our results points towards the same
direction of Jauch-Chara and cols.’s. (13). While in the
control group only one individual (11% of the total)
had an ESS score higher than 10, in the T1DM group,
7 individuals (39% of this group) presented this score
level. This finding may be relevant, since a score of 10
points or higher in the ESS is suggestive of low sleep
quality and sleep disorders (28). At the same time, although we found no association of mean glycemia or
glycemic variability with reported sleep quality, when
groups were divided, at least the glycemic parameters
of the individuals with a better metabolic control (Low
Mean Glycemia group) seemed to be correlated with
sleep quality. These results are difficult to interpret, but
we suspect that from a certain mean glycemia, sleep
quality may not change much, whereas below that level,
sleep quality varies in association with glycemic control.
Concerning polysomnography data, differently
from other groups (11,12), we did not find sleep disorders in T1DM group. This result is probably due to our
strict selection of participants without chronic complications. Mondini and Guilleminault (29), for example,
found sleep-disordered breathing in 41.7% of T1DM
individuals. They also reported that this disorder was
associated with the presence of neuropathy. Nevertheless, in our study, arousal index and awakenings index
were positively correlated with the A1C. This may be
understood as an association between these two sleep
aspects and glycemic control evident only in a broader
angle, which is provided by the 2-3 months of glycemic
mean reflected by the A1C value. Therefore, we understand that arousal and awakenings indexes may result
of a longer term poor glycemic control. At the same
time, we found that the A1C is strongly associated with
76

glycemic variability (r = 0.6228, p = 0.0058), which,
as discussed earlier, may promote sleep changes. These
results reveal a significant correlation between the stability or fragmentation of sleep and glycemic control.
Moreover, we show that the rate of full awakenings was
correlated with the 10 days mean glycemia. Therefore,
we conclude that individuals with poor glycemic control have more fragmented sleep, with more arousals
and awakenings. At the same time, sleep fragmentation
has been associated with increases in insulin resistance
and adrenocortical and sympathetic nervous system activity, which, in turn, may hinder the maintenance of
good glycemic control (30,31).
The results of higher apnea-hypopnea index observed in individuals with low mean glycemia was surprising. Our results, in this case are just the opposite
of another group’s (11), who found, in children with
T1DM, that the poorer the glycemic control (A1C
values) or the greater the disease duration, the greater
the apnea index. For this reason, we decided to divide
the group, and found that 25% of the individuals (5
individuals) with the lowest GV values (below 59 mg/dL)
were the ones with the highest apnea-hypopnea index (4.3 ± 2.39 events per hour, comparing to 2.9 ±
1.64). Surprisingly, excluding from this 25% lowest
GV sample the 2 individuals with the highest apneahypopnea index, the remaining 3 individuals present a
mean apnea-hypopnea index very similar to the remaining group (2.7 ± 1.72). And more than that, with this
exclusion, the correlation becomes non-significant (r =
-0.2747, p = 0.3637). Exactly the same happened with
the negative correlation between mean glycemia and
apnea-hypopnea index, it became non-significant when
the two extreme values (AHI > 6) are excluded from
the sample (r = -0.3975, p = 0.1786). For this reason,
although the first results favored a conclusion of higher
apnea-hypopnea index in individuals with better metabolic control, it seems that it is just an artifact resulting
from 2 individuals’ extreme data. It is also worth mentioning that according to the American Academy of
Sleep Medicine (32), none of our individuals would be
considered to have sleep-disordered breathing, which
is diagnosed in cases of at least 15 events per hour, or
more than 5 events per hour with clear symptoms.
The difference between stages duration observed by
Jauch-Chara and cols. (13), when comparing T1DM
with control individuals, was not observed in our study,
not even between the different T1DM groups (control
vs. T1DM - % of REM sleep: 21.5% ± 5.3% vs. 19.9% ±
Arch Endocrinol Metab. 2015;59/1
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7.7%, p = 0.6216; % stage 3, 21.7% ± 8.4% vs. 20.6% ±
8.3%: p = 0.7668).
The only case of hypoglycemia during the polysomnography night presented interesting consequences on
the sleep parameters. During the hypoglycemia several
parameters seemed to become more stable, with more
REM sleep, and less hypopneas and awakenings than
the rest of the night. Different authors have also found
results indicating that the sleep inhibits counter-regulatory responses, and that the hypoglycemia deepens
sleep (12,33). These results reinforce the importance
of keeping track of glycemia during the night, avoiding hypoglycemia, since if the individual does not wake
up, and the glycemia decreases even more, it would put
the individual’s life in risk (34,35). In addition, we re
commend monitoring glucose continuously when performing polysomnography in DM individuals, since, as
observed, the occurrence of hypoglycemia may blunt
its results.
The results found in this study support at least partially our hypothesis, and are in accordance with results
from other groups pointing towards the existence of
a vicious circle involving T1DM and sleep (Figure 4).
In this vicious circle, poor glycemic control in T1DM
affects sleep parameters, which in turn compromises

↑Sleep
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Poor glycemic
control

↑MG
↑GV

↑HbA1c
HMG

↑GV
27
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Figure 2. (A-B) Correlation of full awakening index with mean glycemia (r
= 0.5684, p = 0.0271), and with A1C (r = 0.6544, p = 0.0081),
respectively; (C) correlation between arousal index and A1C (r = 0.5680,
p = 0.0272); (D) full awakening index of the 25% highest glycemic
variability (group 2), comparing to the others (75%, groups 1) (p =
0.0092).
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