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Abstract

Objective To determine how between- and within-person variability in perceived sleep quality
were associated with adolescent diabetes management. Methods A total of 236 older adoles-
cents with type 1 diabetes reported daily for 2 weeks on sleep quality, self-regulatory failures, fre-
quency of blood glucose (BG) checks, and BG values. Average, inconsistent, and daily deviations in
sleep quality were examined. Results Multilevel models indicated that poorer average and
worse daily perceived sleep quality (compared with one’s average) was each associated with more
self-regulatory failures. Sleep quality was not associated with frequency of BG checking. Poorer
average sleep quality was related to greater risk of high BG. Furthermore, inconsistent and daily
deviations in sleep quality interacted to predict higher BG, with more consistent sleepers benefit-
ting more from a night of high-quality sleep. Conclusions Good, consistent sleep quality during
late adolescence may benefit diabetes management by reducing self-regulatory failures and risk of

high BG.
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Successful management of type 1 diabetes is a regula-
tory phenomenon that requires adherence to a compli-
cated daily regimen (Hood, Peterson, Rohan, &
Drotar, 2009). Adolescents must persist in multiple
regimen activities (e.g., counting carbohydrates,
checking blood glucose [BG]|, determining insulin
dose) continually throughout the day, making it an es-
pecially difficult regulatory task. Given the daily na-
ture of diabetes management in type 1 diabetes,
adolescents may benefit from a restorative process,
such as sleep. Poor sleep quality (the feeling of being
tired on waking or that sleep is not restful or restora-
tive) in late adolescence and emerging adulthood is
associated with difficulties in emotion and stress regu-
lation (Galambos, Howard, & Maggs, 2011), and per-
formance on other complex regulatory tasks such as
academic achievement (Short, Gradisar, Lack, &
Wright, 2013). By extension, poor quality sleep may

be associated with daily failures to regulate one’s cog-
nitions, emotions, and behaviors surrounding diabetes
that serve to support adherence and good glycemic
control. The present study examined associations of
daily perceived sleep quality with daily diabetes man-
agement among late adolescents with type 1 diabetes.
Recent research has suggested that sleep, as meas-
ured via polysomnography, actigraphy, and self-
reports, is an important predictor of glycemic control
(Borel et al., 2013; Perfect et al., 2012), and that youth
with type 1 diabetes have poorer sleep compared with
their peers without diabetes (Perfect et al., 2012).
Specifically, youth with diabetes display shorter sleep
duration, poorer sleep quality, and worse sleep archi-
tecture as demonstrated by both self-report and ob-
jective measures (Barone & Menna-Barreto, 2011;
Jauch-Chara, Schmid, Hallschmid, Born, & Shultes,
2008; Perfect et al., 2012). Compared with those
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without diabetes, youth with diabetes spend more
time in lighter stages of sleep (i.e., N2), which is asso-
ciated with greater percentage of time spent in hyper-
glycemia and with poorer glycemic control (Perfect
et al., 2012). Impaired sleep may undermine adoles-
cents’ abilities to regulate their diabetes both physiolo-
gically and behaviorally.

Late adolescence is an especially important time to
study the relation between diabetes management and
sleep quality, as they both deteriorate during this time
of development. First, both sleep quantity and quality
often worsen in response to changes in circadian
rhythms and an inability to sleep for sufficient length
(Colrain & Baker, 2011). Eighty-seven percent of
American adolescents get less than optimal average
levels of sleep (<8 hr/night; Morselli, Leproult, Balbo,
& Spiegel, 2010). Late adolescents are also at risk for
inconsistent sleep (good sleep one night, poor the
next), which predicts the occurrence of risk behaviors
like conduct problems (Lin & Yi, 2015). Second, ado-
lescence is a period when glycemic control and adher-
ence to the diabetes regimen often deteriorate for
youth with type 1 diabetes (King, Berg, Butner, Butler,
& Wiebe, 2014; Luyckx & Seiffge-Krenke, 2009).
Insulin sensitivity decreases (and thus glycemic vari-
ability increases) owing to hormonal fluctuations
(Amiel,  Sherwin, Simonson, Lauritano, &
Tamborlane, 1986; Tfayli & Arslanian, 2007).
Moreover, late adolescents and young adults are the
age groups least likely to meet the American Diabetes
Association (ADA)-recommended diabetes targets for
glycemic control (Miller et al., 20135).

It is important to examine daily links between sleep
quality and diabetes management given the daily regu-
latory challenge of managing diabetes and the demon-
strated associations between sleep quality and diabetes
management. The broader literature on sleep suggests
that daily differences in sleep have implications for
health during adolescence (e.g., body mass index;
Moore et al., 2011). Variation in the quantity and
quality of sleep is greatest during adolescence (Dahl
and Lewin, 2002; Telzer, Goldenberg, Fuligni,
Lieberman, & Galvédn, 2015), with “intra-individual
differences in sleep duration often exceeding between-
person differences” (p. 17, Telzer et al., 2015). Studies
suggest that nightly deviations from one’s average
sleep duration may be as detrimental as poor average
levels of sleep for adolescents’ health and development
(Fuligni & Hardway, 2006; Telzer et al., 2015). Less
is known, however, about how variations in nightly
sleep quality relate to health outcomes during adoles-
cence. Fuligni and Hardway (2006) suggested that as-
sessing daily variability in sleep guality would provide
a clearer picture as to why fluctuations in sleep influ-
ence some adolescents more than others. Daily vari-
ations in self-reported sleep quality may be especially

informative in understanding daily diabetes manage-
ment given the potential disruptions in crucial cogni-
tive (e.g., continual management of daily complicated
tasks) and physiological (e.g., BG regulation) proc-
esses implicated by poor quality sleep.

Poorer daily quality of sleep may put adolescents
with type 1 diabetes at higher risk of experiencing self-
regulatory failures related to diabetes (e.g., failing to
check BG because of being distracted or not feeling
like checking), poorer adherence behaviors (e.g., less
frequent BG checks), and poorer daily BG. In support
of the idea that sleep would be associated with more
self-regulatory failures, insufficient sleep quality has
been associated with worsened daytime cognitive
and emotional functioning in adolescents, which may
contribute to poor adherence practices. That is,
Benitez and Gunstad (2012) illustrated that adoles-
cents who reported poorer overall sleep quality had
poorer scores on tests of executive functions and atten-
tion, underlying capabilities that should minimize
daily self-regulation failures (Short et al., 2013). Daily
variations in sleep quality may compromise daily dia-
betes adherence, such as BG checking, which has been
associated with better self-reported regulation skills
(Berg et al., 2014). Moreover, poorer sleep quality
also relates to increased food intake and unhealthy
diets (Chaput, 2014). Finally, poor sleep quality may
be directly associated with alterations in glucose
homeostasis, and thus high BG values (Byberg et al.,
2012; Perfect et al., 2012). Taken together, poor qual-
ity sleep may disrupt adolescents’ cognitive abilities
to complete the daily complex regulatory tasks, ad-
herence behaviors, and physiological homeostasis
required to maintain glycemic control.

Further, although not studied within the context of
diabetes, previous work has found that the combin-
ation of sufficient and consistent sleep related to im-
proved self-control and less psychological strain, but
not to either in isolation (Barber & Munz, 2010).
Barber and Munz (2010) reported that inconsistent
sleepers did not exhibit the benefits of good sleep.
Thus, it may be the case that the regulatory benefits of
daily sleep are not seen for self-regulation failures, BG
checks, and BG regulation for those who report incon-
sistent sleep quality.

In the present study, we conducted a secondary
analysis of a larger, ongoing data set to examine the
associations between daily sleep quality and aspects of
daily diabetes management, including daily self-
regulatory failures, frequency of BG checking, and
risk of high BG. We used a daily diary method to
examine both between- and within-person differences
in sleep quality related to these outcomes. We cap-
tured perceived sleep quality via three different facets:
two that focused on individual differences in sleep
quality (i.e., between-person average and inconsistent
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quality across a 14-day period), and one that repre-
sented within-person differences (daily deviations, or
how an individual deviated daily from his or her own
14-day average quality). We first tested the main ef-
fects of each of these facets of perceived sleep quality
on the diabetes management outcomes and then exam-
ined whether good daily sleep quality was most benefi-
cial for those who had more consistent sleep quality
across the 14 days. Based on the existing literature, we
hypothesized that both between- and within-person
differences in sleep quality would be associated with
diabetes outcomes. At the between-person level, indi-
viduals who had higher average sleep quality and who
had higher consistent sleep quality across the 2-week
diary were expected to display better diabetes out-
comes (i.e., fewer self-regulatory failures, more fre-
quent BG checks, and lower risk of high BG levels). At
the within-person level, we hypothesized that higher
daily sleep quality would be associated with fewer
self-regulatory failures, more BG checks, and lower
risk of high BG on days following a night of higher
quality sleep. As described above, we additionally
tested an interaction of between-person (inconsistent)
and within-person (daily deviations) effects of sleep
quality to examine whether the daily benefits of good-
quality sleep are greater for those who consistently re-
port getting good-quality sleep.

Method

Participants

High school seniors with type 1 diabetes were re-
cruited for a 2-year longitudinal study on diabetes
management and self-regulation during late adoles-
cence and emerging adulthood. Participants were re-
cruited from outpatient pediatric endocrinology
clinics in two southwestern U.S. cities by a research as-
sistant in clinic, or by mail and phone. Of the qualify-
ing 507 individuals approached, 301 (59%) initially
agreed to participate. Of those who agreed, 247 teens
(82%) completed baseline assessments. Reasons for
not participating included being too busy in their se-
nior year to participate (34%), lack of interest (33%),
and 20% declined to give a reason.

Youth were eligible to participate if they had been
diagnosed with type 1 diabetes for at least 1 year (M
illness duration="7.35 years, SD = 3.88), had English
as their primary language, were in their final year of
high school, lived with a caregiver (68.4% lived at
home with both biological parents, 27.1% with one
biological parent, and 4.5% lived with grandparents
or adoptive parents), would be able to have regular
contact with caregivers over the subsequent 2 years
(consistent with objectives of the broader longitudinal
study), and had no condition that would prohibit

study completion (e.g., severe intellectual disability,
blindness).

Consistent with the patient population at partici-
pating clinics, 75.2% of the full sample (N=247)
identified as non-Hispanic White, 14.2% as Hispanic,
4.8% as African American, and the remainder identi-
fied as Asian/Pacific Islander, American Indian, or
more than one race. Patients were 17.76 years old on
average (SD=0.39) and 60% were female. Parents
had a range of educational backgrounds, with 12.9%
of mothers and 18.2% of fathers having a high school
education or less, 37.2% of mothers and 25.1% of
fathers with some college or a vocational degree, and
34% of mothers and 46.3% of fathers with a bach-
elor’s degree or higher.

The present study analyzed baseline data from par-
ticipants who responded to the daily diary. Of the 247
individuals enrolled in the full study, 236 completed
the daily diary measures. Adolescents in this sub-
sample were 17.77 years of age (SD=0.39) on aver-
age and had been diagnosed with type 1 diabetes for
an average of 7.34 (SD =3.88) years. In this sub-
sample, 62% of adolescents were female and 43% of
patients reported using an insulin pump. Sixty-three
percent of our analyzed sample was above the ADA
age-specific recommendations (HbAlc<7.5%) for
glycemic control (M HbA1lc=8.27,SD =1.62).

Procedure

The appropriate institutional review boards at each
site  approved the study, and all American
Psychological Association Ethical Principles and
Codes of Conduct were followed. Parents provided in-
formed consent for their child’s participation and ado-
lescents completed assent or consent. Adolescents
completed a 14-day online end-of-day diary measuring
(among other variables) daily BG values, frequency of
BG checking, and nightly sleep quality. On average,
adolescents completed 11 days of the diary
(SD =3.59). Participants received the diary nightly via
an e-mail link, and if it was not yet completed by
9:00 pm, they received a text message reminder.
Adolescents were compensated $5 for each diary day
completed. All baseline data were collected during the
academic year (September—June) and data collection
did not occur over holidays or school breaks.

Measures

Perceived Sleep Quality

At the end of each day, participants rated the per-
ceived quality of their sleep the previous night (“How
well did you sleep last night?”) on a scale of 1 (very
badly) to 5 (very well). This measure was modeled
after a similar item (“During the past month, how
would you rate your sleep quality overall?”) from the
Pittsburgh Sleep Quality Index (Buysse, Reynolds,



664

Turner et al.

Monk, Berman, & Kupfer, 1989) that correlates
highly (r=.83) with the global score. This item is fre-
quently used in daily diary studies as an assessment of
subjective sleep quality and is correlated with more
objective measures of sleep (Krystal & Edinger, 2008).
A single item was used given the necessity of short as-
sessments in daily diary work to reduce subject burden
(Tida, Shrout, Laurenceau, & Bolger, 2012), and be-
cause sleep was not the primary focus of the larger
study.

Daily Self-Regulatory Failures

Adolescents completed eight items each day that were
developed to capture failures in self-regulation involv-
ing cognitive, emotional, and behavioral processes sur-
rounding BG checking. Prior research indicated that
BG checking is a frequent problem in the daily lives of
adolescents with type 1 diabetes (Berg et al., 2014;
Hood et al., 2009). Teens reported on a 1 (strongly
disagree) to 5 (strongly agree) scale on items such as “I
kept putting off my BG testing,” “I had a lot going on
and had a hard time figuring out the best time or place
to do my BG tests,” and “Each time I was about to
test my BG, I got distracted by something else” (see
Berg et al., 2014 for a complete list). A multilevel fac-
tor analysis revealed that the items fall on one factor
both between- and within-persons (y3*=268.37,
p <.001). A previous study demonstrated that inter-
item consistency reliability of the eight items was
excellent, as calculated via Hierarchical Linear
Modeling random intercept models, with both time
and item treated as nested levels (reliability of 0.98).

Daily Frequency of BG Checks

At the end of each day, adolescents entered that day’s
BG values and time of each BG check into the online
diary. Participants were instructed to enter these val-
ues into the diary directly from their glucometers. We
used self-reported BG for many reasons: participating
clinics did not routinely download glucometer data,
the larger longitudinal study precluded physical down-
loads because teens were geographically mobile, and
other technologies such as Bluetooth did not exist at
the outset of the larger study.

Adolescents’ daily number of BG checks was cap-
tured as a count of the number of BG values reported
for each day. The ADA generally recommends six to
eight BG checks per day (ADA, 2014). Adolescents in
our sample checked their BG an average of 3.65 times
per day (SD = 1.58, Range =0.36-10).

Daily Risk of High BG

The BG data were also used to compute the risk of
having high BG, which was calculated using McCall
and Kovatchev’s (2009) High BG Index. For each day,
individuals’ BG values were used to calculate their

daily risk of having high BG levels (i.e., above 180 mg/
dl; scaled 0-100; M =13.58, SD =11.83, Range=0-
82.27). We focused on risk for high BG rather than
average BG because the scaling of BG is not linear, or
equivalent at each end of the scale (i.e., there is a
greater range of high BG values [180-600+ mg/dl]
than low [~20-70 mg/dl]). We also calculated adoles-
cents’ daily risk of low BG (values <70 mg/dl); the
mean risk of low BG across the sample was quite low
and the range restricted (Scaled 0-100; M =1.43,
Range=0-11.99). The adolescents in our sample
were at greater risk for high values, and thus we
focused our analyses on risk of high BG. Across the
daily diary, adolescents’ average BG reading was
188.17 (SD = 60.94).

Analytic Plan

Multilevel modeling was used to examine the associ-
ations between subjective sleep quality and three daily
diabetes outcomes: daily self-regulatory failures, fre-
quency of daily BG checks, and risk for high BG val-
ues. Given that we measured sleep quality and
diabetes outcomes on a daily level, our data were
structured such that days were nested within persons.
All analyses were conducted using PROC MIXED in
SAS v9.2.

To understand the between- versus within-person
contributions of perceived sleep quality on diabetes
outcomes, we computed three facets of sleep quality.
First, we created a between-person variable, centered
at the grand mean, that reflected a person’s average
sleep quality across the daily diary. Higher values on
this variable indicated that a person reported higher
quality sleep on average across the 14-day diary than
others in the sample. Second, we created another be-
tween-person variable, centered at the grand mean,
which reflected inconsistent sleep quality. This vari-
able was created by computing the standard deviation
across all 14 days of each individual’s set of daily re-
ports of perceived sleep quality. Higher values on this
variable indicated that a person reported more incon-
sistent sleep quality across the 14-day diary than
others in the sample. Lastly, we created a group-
centered within-person daily sleep quality deviations
variable, which captured the extent to which an indi-
vidual reported better or worse sleep quality that day
compared with his or her own average sleep quality.
This variable was computed by subtracting each per-
son’s individual mean from his or her daily reports of
subjective sleep quality. Positive values on this vari-
able indicated that a person perceived better sleep
quality that day than his or her average. To determine
the distribution of variance explained by between-
versus within-person effects, separate multilevel
models were run that solely included the outcome
measures (intercept only models).
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For each outcome variable (i.e., daily self-regulatory
failures, daily BG checks, and daily risk for high BG
values), we tested for main effects of the three facets of
sleep and a between- x within-person interaction be-
tween daily sleep quality deviations and inconsistent
sleep quality (while controlling for the main effect of
average sleep quality). In each model, we controlled for
insulin pump status (1=uses insulin pump; 0=no
pump) and illness duration in years (grand mean cen-
tered) as both are known to be associated with diabetes
management (see Wiebe et al., 2005). As an example
of the structure of these analyses including the
between- x within-person interaction, we have depicted
the equation for risk of high BG values below; similar
analyses were conducted for the other two diabetes out-
comes (self-regulatory failures and BG checks):

Risk for high BG;; = f;; + By;;(Daily Sleep Quality Deviations)

+1ijBoi = Y00 + 701(Pump Status)

+702 (Illness Duration) + y,;(Average Sleep Quality)
704 (Inconsistent Sleep Quality) + uo;

Bii = 710 + 711 (Inconsistent Sleep Quality)

The daily risk for high BG was predicted from daily
sleep quality deviations with By; representing the
within-person effect of daily sleep quality on risk for
going high (i.e., whether daily deviations in sleep qual-
ity were associated with daily variations in risk for
going high). Between-person differences in average
sleep quality and inconsistent sleep quality across the
14 days were represented by vo3 and vo4, respectively.
Finally, the interaction of inconsistent and daily sleep
deviations was represented by v,

Results

Preliminary Analyses

As can be seen in Table I, our sample of adolescents
reported that on average they slept between “Okay”
and “Pretty Well” across the 2-week daily diary.
Greater average sleep quality was associated with less
inconsistent (more consistent) sleep quality. Greater
average sleep quality was also associated with fewer

self-regulatory failures and lower risk of high BG.
Inconsistent sleep quality also related to these
outcomes, such that more inconsistent perceptions of
sleep quality across the diary related to more self-
regulatory failures and greater risk of high BG. Daily
frequency of BG checks was not related to any of the
three facets of sleep quality. Self-regulatory failures
were associated with fewer BG checks and greater risk
of high BG.

Daily Self-Regulatory Failures

To examine the variability in self-regulation failures
accounted for by between- versus within-person vari-
ation, a fully unconditional model revealed that 71%
of the variability in daily self-regulatory failures was
between- person and 28% was within-person. Table
IT depicts the results for the conditional models.
Linking sleep quality indices to self-regulation fail-
ures, there was a significant main effect of average
sleep quality, indicating that those who reported
higher quality sleep across the daily diary also re-
ported fewer daily self-regulatory failures. Similarly,
there was a main effect of daily sleep quality devi-
ations, such that on days when adolescents reported
better sleep quality the prior night, they had fewer
self-regulatory failures. No main effect of inconsist-
ent sleep quality was found, nor was an interaction of
inconsistent sleep quality x daily ~ sleep quality
deviations.

Frequency of BG Checking

A fully unconditional model revealed that 61% of the
variability in frequency of BG checks was between-
person and 38% of the variability was within-person.
A model linking sleep quality indices to frequency of
BG checks indicated that there were no significant
main effects of any of the three facets of sleep quality
nor was there an interaction in predicting frequency of
BG checking (see Table II).

Daily Risk of High BG
A fully unconditional model revealed that 54% of the
variability in daily risk of high BG was between-person

Table I. Means, Standard Deviations, and Zero-Order Correlations

Variables Mean (SD) 1 2 3 4 5 6 7
1. Pump status 43% 1

2. Illness duration 7.35(3.88) 0.07

3. Average sleep quality (SQ) 3.56 (0.78) -0.05 -0.12

4. Inconsistent SQ 0.75 (0.36) —0.06 0.02 1

5. Self-regulatory failures 2.09 (0.82) 0.08 0.07 0.15* 1

6. Risk of high BG 13.58 (11.83) —0.04 0.23 0.15* 0.39%* 1

7. Frequency of BG checks 3.65(1.58) 0.11 0.05 —0.07 —0.39%* —0.27** 1

Note. SQ =sleep quality. The “Daily deviations in sleep quality” variable was not included in Table I above because it is an individual-level
variable, and if aggregated across the sample, the results would duplicate those for “Inconsistent SQ.”

*p<.01; **p <.001.
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Table IIl. Multilevel Models of Sleep Quality (SQ) Facets Predicting Diabetes Outcomes

Outcome Parameter b SE df ¢ p

Daily self-regulatory failures Intercept 2.02 0.07 226 29.94 <.0001***
Pump status 0.12 0.10 224 1.17 24
Illness duration 0.007 0.01 226 0.55 .58
Average SQ —0.30 0.07 226 —4.28 <.0001
Inconsistent SQ 0.19 0.15 230 1.23 22
Daily SQ deviations —0.04 0.02 2,285 -2.12 .03*
Inconsistent x daily deviations —0.06 0.04 2,285 —1.36 17

Daily frequency of BG checks Intercept 3.50 0.14 223 25.23 <.0001*%
Pump status 0.42 0.21 220 1.99 .05
Illness duration 0.02 0.03 222 0.81 42
Average SQ 0.23 0.15 225 1.57 12
Inconsistent SQ —0.16 0.31 227 —0.53 .60
Daily SQ deviations 0.003 0.04 2,209 0.06 95
Inconsistent x daily deviations —0.11 0.10 2,206 —1.06 .29

Daily risk of high BG Intercept 14.22 0.96 209 14.76 <.0001%***
Pump status —1.45 1.47 208 —0.98 0.33
Illness duration 0.65 0.19 208 3.39 0.0008%***
Average SQ —2.56 1.02 213 -2.51 0.01*
Inconsistent SQ 3.32 2.18 216 1.52 0.13
Daily SQ deviations —0.46 0.34 2,131 -1.35 0.18
Inconsistent x daily deviations 2.28 0.86 2,125 2.64 0.0084**

Note. Average SQ and Inconsistent SQ (standard deviation) were across the 14-day diary.

BG = blood glucose.
p <055 % p < .01; **p < .001.

and 46% was within-person. A model linking sleep
quality indicators to risk for high BG was conducted.
Estimates for the conditional models are depicted in the
middle section of Table II. First, longer duration of dia-
betes was significantly associated with higher daily risk
of high BG values. Above this effect, there was a signifi-
cant main effect of average sleep quality, such that ado-
lescents who had better sleep quality across the daily
diary were at lower risk for having high daily BG.
Neither daily sleep deviations nor inconsistent sleep
quality was associated with high daily BG. However,
including the between- x within-person interaction in
the model revealed a significant inconsistent sleep qual-
ity X daily deviations in sleep quality interaction. As de-
picted in Figure 1, adolescents who reported more
consistent sleep quality had lower risk for high BG val-
ues on days when they reported better sleep quality. In
contrast, adolescents who reported less consistent sleep
quality showed no association between daily sleep qual-
ity and high BG risk (simple slopes: peonsistene = 0.03,

pinconsistent =0.20 ) .

Discussion

This study demonstrated that perceived quality of
sleep over a 2-week period was related to several im-
portant aspects of daily diabetes management among
older adolescents. This study was novel in its examin-
ation of daily associations of sleep quality with self-
regulatory failures and risk for high BG. Higher
self-reported sleep quality during the 14 days was
associated with fewer self-regulatory failures and

= Consistent 5Q

== == Inconsistent 5Q
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COoO=MNMWRONITaRoo
B S S S S T T S S —
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Risk for High Blood Glucose (%)

(5, e i e o]

Poor daily sleep Good daily sleep

Sleep Quality Deviations

Figure 1. Daily sleep quality deviations x inconsistent sleep
quality predicting daily risk of high blood glucose.

Note. The simple slope for inconsistent sleep quality is not significantly differ-
ent from zero (p=.20).

lower risk of high BG. Furthermore, even among those
who generally reported good-quality sleep, reporting
higher quality sleep than one’s average was associated
with better diabetes management (i.e., fewer self-regu-
latory failures). Finally, inconsistent sleep quality and
daily sleep quality interacted to predict risk of high
BG, with more consistent sleepers benefitting the most
from good-quality sleep by demonstrating lower risk
for high BG.

Consistent with research on the role of sleep in sup-
porting self-regulation (Barber & Munz, 2010), aver-
age sleep quality and daily deviations in sleep quality
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were associated with fewer daily self-regulation fail-
ures surrounding BG checking. BG checking is a key
component of daily diabetes management because it
informs other diabetes care behaviors (e.g., insulin
dosing, food choices, exercise; Hood et al., 2009).
These results extend the research linking poor sleep
quality to a range of self-regulation difficulties in at-
tention, memory, and emotion regulation (Benitez &
Gunstad, 2012; Vriend et al., 2013) to the specific
context of diabetes management. Reduced daily self-
regulatory failures are important, as they are associ-
ated with better adherence to the diabetes regimen
(Berg et al., 2014).

The lack of association between perceived sleep
quality and a measure of adherence, the frequency of
daily BG checks, was surprising. Several possible rea-
sons exist for this finding. First, it is possible that BG
checking itself may be a somewhat regimented behav-
ior. It is not uncommon, and even suggested, to use
mealtimes as a marker of when to test BG (ADA,
2014). Our data may suggest that adolescents use
mealtimes as a guide for BG checks, as the average
number of daily BG checks was 3.65. In addition, it is
possible that there are other intervening factors at
work that promote adherence behaviors in the face of
poor quality sleep and the self-regulatory failures asso-
ciated with poor sleep quality. For example, although
adolescents may report failures to self-regulate such as
not caring to check BG because of their mood, parents
may provide the support needed to ensure that BG
checking is accomplished. Future work should explore
the co-occurrence of self-regulatory failures and the
compensatory efforts of parents.

Good-quality daily sleep was associated with lower
risk of high BG, consistent with work linking better
sleep quality with glycemic control (Perfect et al.,
2012). Further, consistent with Barber and Munz’s
(2010) interaction between consistent sleep quality
and average sleep quality, we found that adolescents
who reported more consistent sleep quality demon-
strated the greatest benefit of better quality daily sleep
in terms of risk of going high. In contrast, we did not
find a significant interaction between daily sleep qual-
ity deviations and inconsistent sleep quality when
examining self-regulatory failures or BG checks.
Many differences in study design exist between Barber
and Munz’s (2010) work and the present study that
preclude direct comparisons (e.g., an examination of
quantity vs. quality of sleep, different self-regulatory
measures, and analyses that aggregated vs. examined
daily effects). Future research is needed to more com-
pletely understand these different findings. In the pre-
sent study, it appears that good-quality daily sleep is
not sufficient to reduce the risk of high BG, but must
occur together with consistent sleep quality. One im-
plication of this finding is that targeting daily sleep

quality (daily deviations) and inconsistent sleep qual-
ity may be important to improve BG outcomes for
teens with type 1 diabetes.

The present findings should be interpreted in light
of several limitations. First, all primary measures were
a form of self-report, and thus method variance may
have influenced the results. Sleep quality was meas-
ured through self-reported recall of the prior night’s
sleep, and future research is needed to understand
what adolescents use to make these overall judgments,
as they could be influenced by events that occurred
during the day. Although participants reported on
events that were separated in time, these reports were
obtained concurrently and causal directions of associ-
ation cannot be inferred. It is possible, for example,
that inadequate diabetes management (i.e., out-of-
range daily BG levels) could have disrupted sleep
(Barone & Menna-Barreto, 2011; Jauch-Chara et al.,
2008) and altered evaluations of sleep quality. Future
research that supplements perceived sleep quality
measures with objective metrics of sleep quality (e.g.,
sleep onset latency, sleep efficiency, frequency of night
awakenings), that measures subjective sleep quality
immediately on awakening, or that tests for reverse as-
sociations, would allow us to understand what it is
that adolescents use when they report on sleep quality.
Further, such research would assist in disentangling re-
lations between sleep and diabetes management.
Supplementing such research with wake and sleep
times would allow us to also examine how BG just be-
fore sleep could affect sleep quantity and quality.
Additionally, BG data (daily BG levels and number of
checks) were based on adolescent daily reports of gluc-
ometer results, and therefore, it is possible that these
data were inaccurate owing to transcription errors or
social desirability. We used self-reported BG data as
participating clinics did not routinely download gluc-
ometer data and logistical barriers in the larger longi-
tudinal study precluded this practice as emerging
adults were geographically scattered. Unfortunately,
Bluetooth technology did not exist at the outset of the
larger study. Future studies should examine how both
daily sleep quality and quantity relate to objective
markers of daily diabetes management (e.g., glucome-
ter downloads or continuous glucose monitoring
data). Finally, the sample was primarily Caucasian, re-
flecting demographic characteristics of those with type
1 diabetes, and all participants were seniors in high
school. Results may not generalize to other age-groups
or to racial minority patients.

These findings hold implications for youth with
type 1 diabetes. If supported by future research, clin-
icians may wish to examine adolescents’ sleep
practices and consider ways to promote consistently
high-quality sleep. Maintaining or improving sleep
quality may provide resources to prevent lapses in
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self-regulation and high BG excursions as late adoles-
cents strive to manage diabetes on a daily basis. Given
the importance of consistent sleep quality, it may be
helpful to encourage adolescents and parents to con-
sider sleep needs as they plan daily routines and obli-
gations, and to develop consistent sleep habits (e.g.,
consistent sleep—wake timing). Furthermore, given the
importance of daily fluctuations in sleep quality, it
may be helpful to guide adolescents to evaluate day-
to-day barriers to high-quality sleep and to problem-
solve to minimize recurring barriers. Such factors may
become increasingly important as late adolescents
transition out of high school and into emerging adult-
hood, given that sleep patterns and diabetes manage-
ment continue to change across this transition
(Galambos et al., 2011).
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