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Abstract

The aim of this review was to provide an overview of developments, clinical implications and gaps in knowledge
regarding the relationship between diabetes and sleep over the past 25 years, with special focus on contributions from the
behavioural sciences. Multiple prospective observational and experimental studies have shown a link between
suboptimal sleep and impaired glucose tolerance, decreased insulin sensitivity and the development of type 2 diabetes.
While prevalence rates of suboptimal sleep vary widely according to definition, assessment and sample, suboptimal
subjective sleep quality appears to be a common reality for one-third of people with type 1 diabetes and over half of
people with type 2 diabetes. Both physiological and psychosocial factors may impair sleep in these groups. In turn,
suboptimal sleep can negatively affect glycaemic outcomes directly or indirectly via suboptimal daytime functioning
(energy, mood, cognition) and self-care behaviours. Technological devices supporting diabetes self-care may have both
negative and positive effects. Diabetes and its treatment also affect the sleep of significant others. Research on the merits
of interventions aimed at improving sleep for people with diabetes is in its infancy. Diabetes and sleep appear to be
reciprocally related. Discussion of sleep deserves a central place in regular diabetes care. Multi-day, multi-method studies
may shed more light on the complex relationship between sleep and diabetes at an individual level. Intervention studies
are warranted to examine the potential of sleep interventions in improving outcomes for people with diabetes.

Diabet. Med. 37, 418-426 (2020)

. longer prior wakefulness) and an internal circadian clock that
Introduction . S
synchronizes biological sleep/wake rhythms to our 24-h day

Sleep serves multiple functions, with varying levels of
evidence for theories focusing on the immune system, energy
conservation and replenishment, removal of brain waste
products, restoration of cognitive and behavioural perfor-
mance, and brain connectivity [1]. There is no single measure
of sleep, as the construct spans multiple dimensions and levels
of analysis [1,2]. Sleep medicine has mainly studied sleep
disorders and deficiencies, with more recent perspectives
focusing on more general sleep characteristics important for
health, including sleep duration, efficiency (i.e. the ease of
falling asleep and returning to sleep), timing (the placement of
sleep within the 24-h day), and satisfaction [1,2]. From a
biological perspective, sleep timing depends on two physio-
logical processes: sleep debt (i.e. increased sleep pressure with
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by environmental light signals and neurohormonal pathways
(including melatonin) [3]. Human behaviours related to 24-h
light access and work/social obligations may override these
physiological processes, and lead to a condition called
’circadian misalignment’, in which the behavioural sleep—
wake schedule is not in synchrony with endogenous circadian
rhythms [3]. The last two decades have seen an explosion in
the number of studies highlighting the important role of sleep
in physical and mental health [2], and public health
approaches are starting to incorporate the message that sleep
is as central to health as physical activity and diet.

Diabetes is a growing health problem of global dimen-
sions. Only recently has it been acknowledged that subop-
timal sleep can impact on the development and overall
regulation of diabetes, whereas several components of
diabetes and its management may affect sleep [4,5]. As of
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What’s new?

* In 1994, studying suboptimal sleep in people with
diabetes was highlighted as a promising new research
area.

 Since then, a large evidence base has illustrated the
myriad of ways in which sleep and diabetes are linked.

+ Suboptimal sleep is a common reality for many people
with diabetes, which may negatively impact glycaemic
and psychosocial outcomes.

e In turn, physiological and psychosocial factors may
impair sleep.

* Sleep deserves a more central place in regular diabetes
care.

« Future studies may focus on clarifying the interactions
of sleep and diabetes on the individual level, as well as
on evaluating the merits of sleep interventions in this
group.

2017, the American Diabetes Association’s Standards of
Medical Care have recommended assessment of sleep pattern
and duration as part of the comprehensive medical evalua-
tion, given their links to glycaemic outcomes. The present
narrative review will provide an overview of developments,
clinical implications and gaps in knowledge regarding the
relationship between diabetes and sleep over the past 25
years, with a special focus on contributions from the
behavioural sciences.

Evidence base 25 years ago

In the discussion of their 1994 pioneering article about sleep
disturbances in diabetes, Sridhar and Madhu [6] specified a
set of hypotheses which, in the years that followed, have
come to dominate the research agenda in this field: (1) sleep
disturbances are common in people with diabetes; (2)
antecedents of these problems are often physiological in
nature, although psychosocial factors should not be over-
looked; and (3) sleep disturbances affect the quality of life,
mood and coping abilities of people with diabetes [6]. Their
recommendation that ’further studies must be done to
understand the exact relationship between sleep complaints
and diabetes’ [6] has not remained unheard. The past 25
years have generated an impressive evidence base highlight-
ing the myriad of ways sleep and diabetes are linked.

Overview of findings in the past 25 years

Sleep and the development of diabetes

Experimental studies in healthy adults have long shown that
sleep is a key process in metabolic functioning. Sleep
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restriction to 4 h per night over 6 consecutive nights
decreased glucose tolerance by 40% [7]. Even a single night
of sleep restriction to 4 h was enough to decrease hepatic and
peripheral insulin sensitivity by 19-25% [8]. Sleep timing
appears to play a role as well, with a 53% reduction in
insulin sensitivity when bedtimes are misaligned with
endogenous circadian rhythms as compared to 39% with
circadian alignment, while keeping the amount of sleep loss
across both conditions identical [9].

Suboptimal sleep has also been implicated in the develop-
ment of diabetes, in particular type 2 diabetes. Prospective
studies have found an association between shift work and
increased risk of type 2 diabetes, most likely attributable to
irregular sleep schedules resulting in circadian misalignment
(an overview can be found in Leproult ez al. [9]). Furthermore,
a systematic review and meta-analysis from 2010 based on 10
prospective studies (#7=107 756; follow-up range 4-32 years)
concluded that several measures of sleep quantity and quality
predicted the risk of developing type 2 diabetes [10]. These
included short duration of sleep (<5-6 h/night: relative risk
1.28,95% CI1.03-1.60), long duration of sleep (>8-9 h/night:
relative risk 1.48, 95% CI 1.13-1.96), difficulty initiating
sleep (relative risk 1.57, 95% CI 1.25-1.97), and difficulty
maintaining sleep (relative risk 1.84, 95% CI 1.39-2.43) [10].
A later meta-analysis of 10 prospective studies (7=482 502;
follow-up range 2-16 years) confirmed the U-shaped associ-
ation between sleep duration and risk of type 2 diabetes, with
the lowest risk observed at a sleep duration of 7-8 h/day [11].
The authors calculated that the risk of developing diabetes
increased by 9% for each hour shorter than 7 h of sleep/day
and by 14 % for each hour longer sleep [11]. These findings are
limited by the use of self-reported and single time-point
assessments of sleep, an overrepresentation of people from
Europe, the USA and Japan, and the possibility of confounding
by suboptimal physical activity or diet [10,11]. Suggested
mechanisms relating suboptimal sleep to decreases in glucose
tolerance and insulin sensitivity include changes in appetite-
regulating hormones, increased activity of the sympathetic
nervous system and the hypothalamic—pituitary—adrenal axis,
alterations in melatonin secretion and growth hormone
metabolism, and low-grade inflammation [10,11]. Confound-
ing by undiagnosed medical conditions such as obstructive
sleep apnoea syndrome is also possible. Obstructive sleep
apnoea syndrome (sleep-disordered breathing characterized
by repetitive collapse of the upper airway) has been found to be
related to insulin resistance and incident type 2 diabetes [12].
Obesity (in particular central adiposity) is an important risk
factor for both obstructive sleep apnoea syndrome and type 2
diabetes [12].

A prospective study based on data from the Norwegian
HUNT Study (7=53 394) suggested that sleep disturbances
(i.e. self-reported problems with initiating sleep and/or
maintaining sleep often or almost every night during the last
month) were associated with 50% greater risk of adult-onset
autoimmune diabetes [defined as age >35 years and anti-
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glutamic acid decarboxylase (GAD)-positivity: hazard ratio
95% CI 1.01-2.22; n=121) [13]; however, these findings
should be interpreted with caution, as there were only 30
people classified as having ’classic’ type 1 diabetes, i.e. insulin
treatment at time of diagnosis, anti-GAD positivity, or anti-
GAD negativity with C-peptide levels <150 pmol/l.

Prevalence of suboptimal sleep in diabetes and comparison
with people without diabetes

In a sample of almost 10 000 adults with self-reported
diabetes participating in the US National Health and
Nutrition Examination Survey, 93% reported at least one
sleep problem, i.e. inadequate sleep, severe sleep deprivation,
frequent daytime sleepiness, frequent sleeping pill use,
apnoea (defined as frequent self-reported stops in breathing,
snorting or gasping, or self-reported diagnosis of sleep
apnoea by a health professional), nocturia, and leg symptoms
including frequent jerks or cramps and diagnosed restless legs
syndrome [14]. The rate of suboptimal subjective sleep
quality generally ranges between 30% and 35% in adults
with type 1 diabetes and between 40% and 70% in adults
with type 2 diabetes, compared with a range of 10-30% in
the general population and elderly people without diabetes
[15]. When directly comparing subjective sleep variables
across both diabetes types, those with type 2 diabetes
reported a slightly shorter sleep duration, less optimal sleep
quality and efficiency, and more sleep disturbance [15].
Obstructive sleep apnoea syndrome is a common comor-
bidity in type 1 and type 2 diabetes, in which autonomic
neuropathy may play a role by compromising upper airway
reflexes and pharyngeal muscle control [16]. The prevalence of
obstructive sleep apnoea syndrome in adults with type 2
diabetes has been found to be as high as 8b6%, with 24-53%
having moderate to severe symptoms [12]. In adults with type
1 diabetes, these numbers have been estimated at 52% and
17%, respectively [16]. By comparison, rates in middle-aged
adults from the general population range from 6% to 34%,
depending on symptom severity and time period [12]. Restless
legs syndrome is a sleep-related movement disorder charac-
terized by complex leg movements to alleviate unpleasant
sensations in the legs [12]. It may affect one in four adults with
type 2 diabetes as opposed to 5-15% in the general popula-
tion, with a potential role for peripheral neuropathy [12].
With respect to direct comparisons of sleep characteristics
with people without diabetes, most studies have focused on
type 1 diabetes. As to sleep architecture (i.e. the structural
organization of sleep in terms of types and stages), a
decreased amount of slow wave (’deep’) sleep has been
found in people with type 1 diabetes compared to matched
controls without diabetes [17]. Furthermore, this group may
experience more impact from ’social jetlag’ (i.e. the differ-
ence in sleep timing between week and weekend days).
Young adults with type 1 diabetes slept an average of 2 h
longer on weekend days as compared to week days, while
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this was just under 1 h in their peers without diabetes [18]. A
small meta-analysis comparing sleep in people with and
without type 1 diabetes found that children/adolescents with
type 1 diabetes had a significantly shorter polysomnography-
based sleep duration than healthy controls [16]. With respect
to adults, there was no difference in self-reported sleep
duration between those with and without type 1 diabetes
[16]. As to sleep quality, scores did not differ between adults
with and without type 1 diabetes when based on polysomnog-
raphy or dichotomized self-reported sleep quality scores [16].
Self-reported continuous sleep quality scores were significantly
worse in adults with type 1 diabetes compared to healthy
controls [16]; however, it should be noted that this meta-
analysis only included three studies per comparison. Further-
more, even though self-report measures are often used and
offer a good perspective on subjective experience, they often
overestimate time spent asleep and show moderate correla-
tions with objective measures [12]. Potential explanations for
any differences between people with and without diabetes
include nocturnal glucose levels, diabetes treatment, diabetes
complications, and associated conditions (Table 1).

Sleep and short-term glycaemic outcomes

Restricting sleep to 4 h in a single night has been shown to
induce peripheral insulin resistance in adults with type 1
diabetes, as evidenced by decreased glucose disposal rate
during a hyperinsulinaemic euglycaemic clamp study [19],
very similar to findings in people without diabetes [8].

Table 1 Potential causes of suboptimal sleep in people with diabetes*

Category Factor

Related to nocturnal
glucose levels

Hypoglycaemia, absolute level

Hyperglycaemia, absolute level®

Rapid changes/high variability

Pump/continuous glucose
monitoring alarms

Related to diabetes
treatment
(in particular
technological devices)
Pump/continuous glucose
monitoring discomforts
Related to diabetes Neuropathy/neuropathic pain
complications
Heart failure’
Related to associated Depressive symptoms
conditions
Anxiety symptoms
Related to general Substance abuse (e.g. alcohol)
conditions
Medication use (e.g. anti-
hypertensives)
Leg cramps
Heartburn

*List of factors is not exhaustive, but aims to illustrate the
different categories of causes using common examples from
literature and clinical experience.

"This may cause nocturia, which also disturbs sleep.

© 2019 Diabetes UK



PSAD Special Issue Paper

Furthermore, the risk of hypoglycaemia is increased during
the night, through a combination of factors including the
long fast, hyperinsulinaemia and increased glucose consump-
tion during rapid eye movement (REM) sleep. Sleep also
suppresses counter-regulatory hormone responses to and
symptomatic awareness of hypoglycaemia [20]. Compared to
those without diabetes of comparable gender, age and BMI,
people with type 1 diabetes showed a defective awakening
response to induced nocturnal hypoglycaemia [20]. As to
recovery from hypoglycaemia, sleep deprivation did not exac-
erbate hypoglycaemia-induced cognitive impairment, but was
associated with persistence of both cognitive dysfunction and
hypoglycaemia symptoms during the post-hypoglycaemia
recovery period in adults with type 1 diabetes [21].

Sleep and HbA ;.

A systematic review of 20 prospective studies (7=69 329;
15 studies included in meta-analysis) among adults with
type 2 diabetes found a U-shaped association between
sleep duration and HbA;., where short and long sleep
duration were associated with 0.23% (95% CI 0.10-
0.36) and 0.13% (95% CI 0.02-0.25) higher HbA,
respectively, compared with normal sleep [22]. Subopti-
mal subjective sleep quality showed a similar relation,
but only for continuous HbA. levels (0.35%, 95% CI
0.12-0.58) [22]. A few cross-sectional studies using more
objective measures of sleep (electroencephalogram, actig-
raphy) found associations between HbA;. and sleep
quality measures (including sleep efficiency, fragmenta-
tion and latency, i.e. the time needed to fall asleep), but
not sleep duration [23].

A small meta-analysis explored the associations between
sleep and HbA,. in type 1 diabetes, pooling two to six
studies per subtopic [16]. In adults, there was a significant
association between sleep duration and HbA;. but only
when sleep measurements were based on self-report [16].
Those who reported sleeping >6 h had a significantly lower
HbA . level compared to those reporting <6 h of sleep (-
0.24%, 95% CI -0.47 to —0.02) [16]. Similarly, those with
HDbA . <53 mmol/mol (7%) reported sleeping an average of
17 min (95% CI 4-30) more than those with HbA;. >53
mmol/mol (7%) [16]. Studies using objective sleep measure-
ments did not find a significant difference in HbA . between
those sleeping >6 h and <6 h, nor did objective sleep duration
differ according to HbA;. status [16]. In children, no
significant associations were found between sleep duration
and HbA, but the analysis was based on only two studies
[16]. As to sleep quality, adults with optimal scores had
significantly lower HbA . levels compared to those with
suboptimal scores, when based on self-report (-0.19%, 95%
CI -0.30 to -0.08), but not when based on objective
measurements [16]. Higher sleep variability (day-to-day
changes in timing and duration) also appears to negatively
affect glycaemic outcomes [24].
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Proposed mechanisms include direct effects of suboptimal
sleep on glucose metabolism (e.g. insulin resistance), as well
as indirect effects on diabetes self-care behaviours through
impairments in energy, mood and cognition, which will be
described below.

Sleep and self-care behaviours

The impact of sleep on glucose levels may be partially
attributable to its effects on diabetes self-care behaviours. Most
studies report an association between sleep duration and
frequency of self-monitoring of blood glucose (SMBG). In a
study among adolescents with type 1 diabetes, objective SMBG
frequency mediated the association between actigraphy-mea-
sured sleep duration and HbA . [25]. Every additional hour of
sleep was associated with almost one extra glucose measure-
mentand an HbA . reduction of 0.33%. Another study among
adolescentsand young adults with type 1 diabetes also reported
an association between self-reported longer sleep duration (but
not sleep disturbances or sleep quality) and more frequent
SMBG, particularly in boys/men [26]. Furthermore, diary-
based sleep duration was associated with next day’s SMBG and
total daily insulin bolus frequency (derived from pump/
glucometer downloads) among adolescents with type 1 dia-
betes, in that a 15- and 20-min increase in sleep was associated
with, respectively, one additional SMBG measurement and one
additional bolus [27].

A common theoretical model posits that suboptimal sleep
may directly interfere with self-care through impairment of
cognition [28]. Sleep deficits are known to hamper cognitive
processes central to self-care, including decision-making,
planning, problem-solving, interpretation and manipulation
of information, task accuracy, and maintaining attention [28].
In line with this model, higher subjective sleep quality in older
adolescents with type 1 diabetes was associated with fewer self-
regulatory difficulties surrounding glucose measurement,
including being easily distracted and putting off measuring
[29]. In contrast, sleep quality was not associated with self-
reported frequency of SMBG, potentially as a result of
mealtimes serving as a structured marker for glucose checking
as well as compensatory efforts by parents. In another study
among adults with type 1 diabetes, 12% reported that awaking
during the night negatively affected their ability to calculate a
bolus insulin dose, illustrated by comments such as *feels like
your brain isn’t working properly’ [30]. Furthermore, 33% of
participants indicated their ability to make optimal diabetes-
related decisions was affected, as ’exhaustion impedes all
decisions’. In a qualitative study among adolescents aged 13—
17 years with type 1 diabetes, several teens described becoming
more ’forgetful’ or ’lazy’ about diabetes management and
making unhealthy food choices in case of suboptimal sleep the
night before [31]. Emotional problems (including symptoms of
depression, anxiety and stress) are likely to play a role as well in
the relationship between suboptimal sleep and self-care [5].
Suboptimal sleep has been associated with worse emotional
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well-being, which, in turn, may negatively affect self-manage-
ment behaviours and glucose levels [5].

Amongadults with type 2 diabetes and self-reported daytime
sleepiness, suboptimal subjective sleep quality was associated
with less uptake of treatment recommendations [32]. Another
study found suboptimal sleep quality to be related to a higher
subjective self-care burden among adults with type 1 or type 2
diabetes, although this did not translate into less optimal self-
care or self-reported HbA . [15]. The authors posited that sleep
impairment might specifically augment the burden of self-care,
with prolonged struggles to meet recommendations translating
to higher HbA . later on [15].

Sleep and daytime functioning

Sleep characteristics have been related to multiple areas of
psychosocial functioning. Suboptimal subjective sleep quality
was associated with lower health status and diabetes-related
quality of life in adults with type 2 diabetes [33]. Similarly,
almost 80% of adults with type 1 diabetes believed waking in
the night had a negative impact on their usual daily function-
ing, including mood and happiness, family relationships, work
and the ability to exercise regularly and eat healthily [30].
Suboptimal subjective sleep quality has been related to higher
levels of daytime sleepiness, fatigue, symptoms of depression
and anxiety, and diabetes-specific distress in adults with type 1
or type 2 diabetes [15] and higher worries about hypogly-
caemia in adults with type 1 diabetes [34]. Furthermore,
increases in sleep quality have been associated with fewer next-
day diabetes-specific and general stressors in adults with type 1
diabetes [35]. In paediatrics, sleepiness and suboptimal sleep
habits have been related to reduced quality of life, depressed
mood, and lower academic achievements [17] and sleep
disturbances have even been shown to mediate the association
between diabetes and neurocognitive and behavioural deficits
[36]. Nocturnal hypoglycaemia may play an important role in
determining next-day functioning, as the day after hypogly-
caemia-disrupted sleep, two-thirds of adults with diabetes
wanted to nap and/or rest and approximately half wanted to go
to bed earlier [37]. They also reported tiredness and/or fatigue
(77%), feeling less alert (52%), feeling down (56 %), and fear
of future nocturnal hypoglycaemic events (50%).

Potential causes of sleep disturbances in people with
diabetes

Table 1 lists five categories of causes of suboptimal sleep in
people with diabetes, using common examples from the
literature and clinical experience. The role of nocturnal
glucose levels and a selection of somatic/psychological
comorbidities is further illustrated below.

Nocturnal glucose levels

From clinical practice, it is well known that abnormal
glucose levels may interfere with sleep. Most research to date
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has focused on the role of nocturnal hypoglycaemia. In an
international study in 300 people with type 1 or type 2
diabetes, 44% of participants indicated that nocturnal non-
severe hypoglycaemia had a high impact on subjective sleep
quality, and 40% reported that it was difficult to get back to
sleep [37]. Hypoglycaemia may impact sleep irrespective of
whether people wake up or continue sleeping. Nocturnal
hypoglycaemia in type 1 diabetes has been associated with a
deepening of sleep, as evidenced by increased slow-wave
sleep and delta electroencephalogram power [38]. As to
nocturnal hyperglycaemia, higher glucose levels have been
related to lower subjective sleep quality and duration [39].
Higher night-time glucose level often results in the need to
urinate more frequently, which may disrupt sleep [40].
Furthermore, higher glucose levels were associated with
lower overnight excretion of melatonin in adults with type 1
diabetes [41], a hormone implicated in the proper regulation
of sleep—wake patterns. In adolescents with type 1 diabetes,
parent-reported longer sleep duration and trouble sleeping
were related to longer time spent in hyperglycaemia (glucose
>10 mmol/l), using continuous glucose monitoring (CGM)
data [42]. Rather than absolute glucose levels, awakenings
from sleep may be more dependent on the speed of change,
e.g. rapid declines [38]. Also, higher glycaemic variability
(represented by the standard deviation of measured levels)
has been related to higher sleep latency and lower subjective
sleep quality and duration [18,34,39].

Somatic and psychological comorbidities

Neuropathic pain, often nocturnal, has been related to
suboptimal sleep in diabetes [12]. Depressive symptoms have
also been shown to be an important correlate of suboptimal
subjective sleep quality in diabetes [15], although the cross-
sectional nature of most studies precludes final conclusions
regarding the temporal order of both constructs. The
association is likely to be reciprocal [15], in that depressive
symptoms may have a direct effect on sleep, and sleep
problems may impair mood. It should also be taken into
account that major depression may include symptoms of
insomnia and hypersomnia. Anxiety symptoms (either gen-
eral or diabetes-specific worries) have also been cross-
sectionally related to suboptimal subjective sleep quality
[15,34].

Technological developments in diabetes management and
sleep

The past decades have seen rapid developments in the
availability of technological devices to aid in insulin admin-
istration and glucose measurement; however, their use may
be hampered when asleep. For example, in a group of
children and adolescents spending the night in a clinical
research centre with real-time CGM, 29% awoke to
individual alarms and 66% to alarm events, i.e. one or more
alarms separated from previous alarms by > 30 min [43]. The
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chance of responding to an alarm decreased with child age
(53% in adolescents, 20% in 7-11 year olds, 17% in 4-6
year olds) and number of overnight alarms (40% for first
alarm, 28% for subsequent alarm).

As to its impact on sleep, unfortunately, the introduction
of technology does not coincide with positive effects by
definition. For example, parent-reported sleep quality of
children aged 2-12 years was not related to the use of
diabetes-related technology, including insulin pumps and
CGM [44]. Common downsides of technology relate to
interruptions of sleep due to device-wearing discomfort and
overnight alarms [45]. This may prompt switching off alarms
overnight, in order to improve sleep for people with diabetes
(and their significant others).

The newest generations of technological systems offer new
hope in improving sleep for people with diabetes. For example,
two studies randomized children and adults with type 1
diabetes to 12 weeks of automated closed-loop glucose control
and then 12 weeks of open-loop sensor-augmented insulin
pump therapy (or vice versa) in their home setting [45]. The
introduction of closed-loop technology was associated with
improved sleep, less worry about nocturnal hypoglycaemia,
and improved general well-being, especially on waking. In
another study among adults with type 1 diabetes using self-
built hybrid closed-loop systems (’OpenAPS’), 94% reported
some improvement in sleep quality and 56% reported a large
improvement [46]. In comparison, sensor-augmented pump
therapy did not reduce worries about hypoglycaemia and only
modestly improved sleeping [45].

Sleep in significant others of people with diabetes

Sleep in people with diabetes and their relatives are closely
linked. Both actigraphy-based and self-reported measures of
sleep in children with type 1 diabetes have been associated
with the same measures in parents [44,47]. Similarly, greater
self-reported sleep quality in adults with type 1 diabetes was
related to greater sleep quality in their spouses [35].
Interestingly, increased spousal daily sleep quality was
associated with fewer general stressors for both partners
[35]. Diabetes and its treatment may directly impact sleep in
significant others. For example, among people with type 1
and type 2 diabetes who had a bed partner present during a
non-severe nocturnal hypoglycaemic event, 51% uninten-
tionally woke them up and 20% woke them up on purpose
for assistance or support [37]. In addition, sleep disruptions
due to technology were reported by 73% of parents/
caregivers and 59% of partners [48]. This was as frequent
as at least four times/week for 54% and 12% of these,
respectively, with the main reason being CGM alarms [48].
Sleep in family members may also be interrupted due to
regular night-time checks and worries about nocturnal
hypoglycaemia [24,48]. Conversely, improvements in par-
ental sleep have also been reported after introduction of
diabetes devices [45].
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Translation/implementation: management
of suboptimal sleep in diabetes care

At its core, the take-home-message for clinicians of the 1994
Sridhar and Madhu article has not changed based on the
research findings of the previous 25 years: ’physicians caring
for persons with diabetes must be able to recognise, diagnose
and manage sleep disturbances in their patients when they
occur’ [6]. While the Standards of Care of the American
Diabetes Association as of 2017 include recommendations to
include assessment of sleep in regular care, research showing a
causal relationship between interventions aimed at improving
sleep and improvements in physiological and psychosocial
functioning among people with diabetes is still in its infancy.

In a 2018 review of therapeutic considerations aiding sleep
in type 2 diabetes, cognitive behavioural therapy and
pharmaceutical sleep aids for insomnia, continuous airway
pressure for obstructive sleep apnoea syndrome, and lifestyle
interventions including physical activity were highlighted to
improve sleep without detrimentally affecting glucose levels
[49]. In a randomized pilot study among 31 adults with type
2 diabetes who did not sleep before midnight, a combination
of conventional diabetes education and sleep education
reduced HbA,, fasting glucose and insulin resistance more
than diabetes education alone [50]. Sleep modification
interventions in the context of type 1 diabetes are scarce.
In a randomized controlled trial, young people aged 10-16
years either followed a sleep extension intervention including
instructions to increase bedtime up to 10 h or 1 h more than
their naturalistic sleep, or a fixed sleep duration condition in
which duration was anchored to their average naturalistic
sleep [51]. Feasibility analyses suggested that sleep modifi-
cation in natural settings was possible, with an average
increase in total sleep time of 41 min in the intervention
group and 6 min in the control group. In total, 80% of
intervention participants followed the sleep extension
instructions for 1 week, despite the fact that most found
the schedule somewhat or very difficult; however, only 46 %
was at least somewhat likely to continue with the recom-
mendations [51]. In a quasi-experiment with control group
and pre-test/post-test design, young people aged 6-18 years
were assigned to an intervention condition with videotaped
sleep hygiene education and practice tips over 3 days, and a
control condition [52]. When comparing subjective sleep
quality score at baseline and on the fourth day, there was a
significant improvement in the intervention but not the
control group, with more optimal post-test scores for the
former [52].

Future research directions

While the importance of attention to sleep in people with
diabetes has been illustrated by the studies discussed in this
review, a new wave of research is needed to better understand
the complex interrelations between sleep, glucose levels, and
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other variables [24]. Recommendations to move the field
forward include a call for longitudinal multi-day studies with
both between- and within-person designs that dynamically
combine self-reports of sleep with objective measures of both
sleep and glucose levels [5,16,24]. These may also shed more
light on the longitudinal relationship between sleep quality and
glycaemic variables. Future studies also need to address
potentially confounding factors, such associo-economic status,
shift work, physical activity and diet, that affect both diabetes
andsleep [10].Inaddition, important steps still need to be made
in translating research findings into appropriate awareness
among people with diabetes and clinicians alike, as well as
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feasible intervention tools [24]. More intervention studies are
needed to examine the potential of sleep interventions in
improving physiological and psychosocial outcomes for people
with diabetes. Input about suitable behavioural targets for
interventionmay come from multiple sources. First, case studies
may illustrate successful approaches in clinical practice,
including cognitive behavioural therapy and relaxation ther-
apy.Second, qualitative studies may shed more light on barriers
to and facilitators of obtaining sufficient sleep. These include
the use of electronic devices before bed and sleep disturbances
related to diabetes (e.g. having to delay bedtime due to diabetes
result of hypo- or

management, awakenings as a
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FIGURE 1 Summary of biological and behavioural pathways relating sleep and diabetes, based on the models of Barone and Menna-Barreto [4] and

Monzon et al. [5].
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hyperglycaemia symptoms), as well as consistently setting
bedtimes, limiting distractions around bedtime, and using
relaxation techniques [31]. Third, interventions that have
proven potential to improve sleep in other populations may
provide useful insights, including moving bedtimes and target-
ing distractors of sleep, such as emotions and environmental
factors [24]. Furthermore, it is important to follow the
continuing advancementsin diabetes technology [24], as higher
rates of time in target, coupled with reduced burden of device
use, hold great promise to improve sleep for people with
diabetes.

Conclusion

Over the last 25 years, it has become well established that sleep
deserves a central place in regular diabetes care, on a par with
traditional factors such as diet and exercise. Suboptimal sleep
increases the risk of developing type 2 diabetes. Furthermore,
sleep impairments are a common reality for children and adults
living with type 1 or type 2 diabetes, disrupting and being
disrupted by both physiological and psychosocial/behavioral
factors. As to biological pathways (Fig. 1), there appears to be a
reciprocal relationship for type 2 diabetes, in which sleep
characteristics negatively impact neurological and endocrine
systems, promoting obesity and type 2 diabetes, as well as
exacerbate glycaemic outcomes, while diabetes itself often
leads to sleeping difficulties [4]. For type 1 diabetes, suboptimal
glycaemic outcomes may negatively affect sleep in terms of
quality and/or length, which in turn can exacerbate glycaemic
outcomes by inducing insulin resistance and glucose intoler-
ance [4]. As to behavioural pathways (Fig. 1), negative affect
may impact daytime self-management behaviours and glucose
levels; these subsequently impact night-time behaviours and
glucose levels, which influence sleep, followed by a deteriora-
tion in negative affect, behaviours and glucose levels the next
day [5]. The time has come to incorporate sleep more integrally
into the diabetes education and self-care routine. This process
can be supported by new research efforts to better understand
the interaction between sleep and diabetes on a more individual
level and by broadening awareness and tools available in
clinical practice to support people improving sleep, diabetes
outcomes and quality of life.
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