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Original Research

Sleep may be an important modifiable predictor of type 2 diabetes. Short sleep duration has been associated with 
an increased risk of adiposity, raised inflammatory markers, dyslipidaemia, and glucose intolerance—known pre-
dictors of type 2 diabetes.1,2 More recently, other characteristics of sleep, including delayed sleep timing,3-5 incon-
sistent sleep patterns,6,7 and low sleep efficiency,8,9 have also been identified as important.

Several mechanisms and pathways have been suggested to help explain the association between sleep and car-
diometabolic health, a term used to describe anthropometric measures and biomarkers associated with cardiometa-
bolic disease.10-16 Sleep is thought to play an important role in maintaining metabolic homeostasis.17 Poor sleep, 
characterized by short sleep duration, delayed sleep timing, variable sleep patterns, and poor sleep quality, are 
thought to result in hormone dysregulation (which increases appetite, calorie consumption, and unhealthy food 
preferences), lower physical activity levels, and adversely affect processes occurring in the hypothalamic-pituitary-
adrenal axis, leading to systemic inflammation.11,12,18 Collectively, these changes result in raised inflammatory 
markers, dyslipidemia, and obesity, which are all known to increase the risk of developing type 2 diabetes.16,18-21

Sleep is increasingly recognized as a multidimensional construct that encompasses a range of sleep characteristics 
across different domains. Buysse22 proposed the term sleep health and suggested dimensions of sleep include sleep regu-
larity, satisfaction, alertness during waking hours, timing of sleep, sleep efficiency, and sleep duration. Given the mul-
tidimensional nature of sleep, medical professionals, population health promotion strategies, interventions, and sleep 
surveillance programs increasingly recognize the need to consider multiple characteristics of “healthy” sleep.22,23 While 
objective device-based measures of sleep (eg, duration, timing, variability, efficiency) and self-reported experiences of 
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sleep are often recognized as important dimensions of healthy sleep,22 the self-reported sleep experience is poorly 
understood, inconsistently defined, and relatively underexamined.11 For example, the terms sleep quality, sufficiency, 
satisfaction, trouble sleeping and reports of difficulty initiating and maintaining sleep, early morning awakenings, and feel-
ing refreshed upon awakening have all been used to describe the self-report sleep experience.24-26

Self-reported sleep experiences are often poorly correlated with objective sleep measures, particularly actigraphy-
derived sleep parameters.27-33 The self-reported sleep experience is thought to reflect a unique characteristic of sleep 
and/or a nonsleep phenomena, such as personality traits,34 pain, or anxiety.35,36 It is also possible that interindividual 
variability in expectations of what “good sleep” should be or the relative salience of sleep in day-to-day life is 
reflected in self-report measures of sleep.37 While further studies are needed to better understand the self-reported 
sleep experience, it is important to note that this construct is what largely distinguishes individuals with insomnia 
from individuals without insomnia, whose objective sleep parameters often overlap.38 The diagnostic criteria of 
insomnia is based on self-reported sleep and day-time parameters. Hence, the self-reported side of sleep is acknowl-
edged as important and sufficiently so to be a diagnostic criterion.39,40 The relative importance of objective and self-
report measures of sleep for cardiometabolic health has not (to our knowledge) been considered.

Self-report measures of sleep have important clinical implications and often guide further screening and/or 
treatments.41 Although not widely used in the literature, single-item questions that determine “troubled sleep” 
may reflect how individuals first identify and describe a problem with their sleep in “real-world” settings. What 
remains poorly understood is whether the self-reported sleep experience, like objective aspects of sleep (eg, dura-
tion, timing, and variability), is associated with cardiometabolic health.

Available (limited) studies suggest perceived “trouble sleeping” may be associated with the development of type 
2 diabetes. Boyko et al,42 in a study of 47 093 adults enrolled in the 6-year prospective Millennium Cohort Study, 
found self-reported trouble sleeping was significantly and independently associated with higher odds of developing 
type 2 diabetes, even after adjusting for sociodemographic covariates. Similarly, Meisinger et al,43 in a multina-
tional prospective study of 8269 adults, found participants who reported trouble sleeping were at an increased risk 
of developing type 2 diabetes. The risk of developing type 2 diabetes remained even after adjusting for obesity and 
hypertension. While it is possible that perceived trouble sleeping may simply reflect an underlying sleep disorder, 
Liu et al,44 in a study of 3668 adults, distinguished participants with a sleep disorder from those who reported 
trouble sleeping. Their study found that participants who reported trouble sleeping (without a sleep disorder) had 
a similar, albeit not significant, elevated risk of having type 2 diabetes (OR, 1.38; 95% CI, 0.95-2.00) to those who 
reported being diagnosed with a sleep disorder (OR, 1.36; 95% CI, 1.06-1.73), which persisted after adjusting for 
sociodemographic characteristics, body mass index (BMI), and sleep duration, respectively.

Given that both objective and self-report measures of sleep are increasingly being recognized as important risk 
factors for type 2 diabetes, it is of interest to better understand how both aspects of sleep are associated with car-
diometabolic health. Aims of the study were to (1) examine the correlation between self-reported trouble sleeping 
and actigraphy-derived measures of sleep (sleep duration, timing, variability, and efficiency) and (2) determine the 
association between self-reported trouble sleeping, actigraphy-derived measures of sleep, and cardiometabolic risk 
factors for type 2 diabetes (adiposity, inflammation, dyslipidaemia) in a sample of healthy Australian parents.

Methods
Data were collected as part of the cross-sectional Child Health CheckPoint study between February 2015 and 
March 2016. CheckPoint is a once-off study nested between Waves 6 and 7 of the Longitudinal Study of Australian 
Children (LSAC), which involved comprehensive, simultaneous physical health and biomarker assessments of 
children and one of their parents. LSAC is a population-based study that commenced in 2004 and used a 2-stage 
clustered design, involving the random sampling and selection of postcodes and participants (respectively) to 
recruit participants. Two cohorts of children and their families (B and K cohort) were recruited and have since 
been followed up biennially. During Wave 6 of the LSAC study, families in the B cohort were asked to consent to 
their contact details being shared with the CheckPoint team, who invited families to take part in the cross-sectional 
study. Further details of the CheckPoint study design and recruitment are outlined elsewhere.45,46 Participants in 
this study were the parents of children in LSAC ages 11 to 12 years at the time of data collection.

Ethics and Consent
The CheckPoint study protocol was approved by the Royal Children's Hospital Melbourne Human Research 
Ethics Committee (33225D) and Australian Institute of Family Studies Ethics Committee (14-26). The attending 
parent/caregiver provided written informed consent for themselves and their child to participate in the study.
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Sleep
Sleep was assessed in terms of self-report trouble sleeping and actigraphy-measured sleep characteristics.

Troubled sleep. Troubled sleep was assessed via self-report. Participants were asked to report how often they had 
trouble sleeping over the last month using a 5-point Likert scale (never, almost never, sometimes, often,  almost 
always), which was collapsed for analysis into 3 categories: never (never, almost never), sometimes, and often 
(often, almost always). These categories were created for ease of interpretability and to ensure a more even spread 
of participants across the categories.

Actigraphy-derived sleep. GENEActiv monitors (Activinsights, Cambs, UK) were used to collect sleep data. Par-
ents were fitted with a GENEActiv monitor to their nondominant wrist and were asked to wear the monitor 
continuously for 8 consecutive days. The device was configured to record at 50 Hz, starting at 2300 hour, through 
the manufacturer’s software (GENEActiv PC Software, Activinsights, UK). Raw acceleration data, collapsed as 
60-second epochs, were processed using Cobra software to derive 4 objective characteristics of sleep examined in 
this study:

1. sleep period (the difference between sleep onset and offset),
2. sleep midpoint (the midpoint between sleep onset and offset),
3. day-to-day sleep length variability (the coefficient of variation of sleep period),
4. sleep efficiency (the percentage of minutes scored as sleep between onset and offset).

These variables were selected to represent measures of sleep duration, timing, variability, and efficiency, 
respectively.

GENEActiv accelerometers have been used in previous studies that examine adults47 and have been shown to 
agree with polysomnography measures of sleep duration (83% accuracy).47 Participants were included for analysis 
if they had at least 4 nights of sleep data recorded, an average sleep time >200 minutes, and at least 1 weekend night 
(Friday or Saturday night) of sleep data. Further details of sleep data processing have been reported elsewhere.48,49

Covariates
Variables known to influence sleep include age,50 sex,50,51 season of data collection,52,53 and socioeconomic posi-
tion.54-56 These measures were selected as covariates in statistical analyses. Sleep was weighted for day-type (week-
day/weekend), which is also known to influence sleep.50

Socioeconomic position (SEP), a composite measure of self-reported household income, education, and occu-
pation, was derived from the LSAC data set.57,58 Using this standardized scale, higher scores represent higher SEP.

Age was calculated from date of birth and expressed as years.

Cardiometabolic Health
Cardiometabolic health was considered in terms of biomarkers and anthropometric measures. Adiposity, inflam-
mation, and cholesterol balance were assessed in terms of BMI, glycoprotein acetyls (GlycA), and apolipoprotein 
B to apolipoprotein A1 ratio (ApoB/A1), respectively. These measures were selected as longitudinal studies have 
shown these cardiometabolic markers are predictive of future development of type 2 diabetes.59-63

Biomarkers. Semifasted venous blood samples were taken from consenting adults in the CheckPoint study. In 
some cases, participants declined to provide venous samples but provided capillary blood samples instead. Appro-
priately trained researchers or phlebotomists collected venous blood samples within assessment centers. Samples 
were then processed on site and stored at −80°C prior to shipping in dry ice as a single batch to the Melbourne 
Children’s Bioresource Center (Murdoch Children’s Research Institute) for processing. Further detail of blood 
collection, storage, and processing has been reported elsewhere.64

Biomarkers examined in this study included GlycA and ApoB/A1. GlycA and ApoB/A1 are relatively novel 
biomarkers, which reflect chronic inflammation and cholesterol balance, respectively.65,66 Further detail of how 
these measures were derived have been reported elsewhere.64
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Anthropometric measures. BMI was calculated from weight and height measures (kg/m2), and waist circumference 
was used in the composite metabolic syndrome severity score. Weight was recorded via the InBody 230 Bioelectri-
cal Impedance Analyser scales,67 with participants barefoot and wearing light clothing. Height was assessed using 
a portable rigid stadiometer (Invicta IP0955, Leicester, UK). Waist circumference was measured by trained research 
assistants with a steel anthropometric measuring tape (Lufkin Executive Diameter W606PM, Maryland). Further 
detail of the methods used to collect anthropometric measures have been reported elsewhere.64

Statistical Analysis
All actigraphy variables were computed for each individual day and then averaged using a 5:2 weighting for week-
night (Sunday-Thursday) and weekend (Friday-Saturday). Data management and analyses were undertaken in R 
(version 4.1.0).

The distributions of cardiometabolic markers were examined for normality through visual inspection of histo-
gram plots and assessment of kurtosis (>3) and skewness (>1). All continuous sleep measures and outcome vari-
ables were standardized as sample-specific z scores prior to analysis. To determine the correlation between 
perceived trouble sleeping and actigraphy-derived sleep characteristics, point biserial correlation coefficients were 
calculated.

The association between trouble sleeping and cardiometabolic markers was assessed in R version 4.1.0 using the 
geepack68 package. Complete case analysis was undertaken. Generalized estimating equations (GEEs) were used 
in which standardized cardiometabolic health measures were considered as dependent variables. Robust standard 
errors (sandwich variance estimators) were used to account for the clustered sampling design of the study (geo-
graphic clustering of observations by postal code). All outcome measures were modeled with maximum likelihood 
(ML) for estimating variance and covariance parameters. Given that R2 cannot be calculated in GEEs that account 
for clustering with ML estimates, pseudo-R2 was calculated for each GEE model using the method suggested by 
Zheng69 to determine the predictive power of troubled sleep and sleep characteristics. Consistent with any R2 
value, a pseudo-R2 value is between 0 and 1.

Four models were examined to determine the predictive power of sleep characteristics. Model 1 only included 
the covariates (age, sex, and SEP). The second model additionally included the self-report sleep measure, and the 
model’s pseudo-R2 value was compared to that of Model 1 to determine how much additional variance in outcome 
was explained by self-report. The third model included covariates and objective measures of sleep, and the model’s 
pseudo-R2 value was compared to that of Model 1 to determine how much additional variance in outcome was 
explained by all objective measures. The fourth model included both self-report and objective sleep measures, and 
its pseudo-R2 was compared to Model 1 to determine the predictive power of both measurement types together. 
Potential multicollinearity among actigraphy-derived sleep measures was assessed by quantifying variance inflation 
factor (VIF) and was low (VIF, 1.01-1.03). P values have been reported.

Results

Participant Characteristics
Of the 1874 parents who took part in the CheckPoint Study, 1045 had complete data on all measures considered 
for this study. As shown in Table 1, compared to participants excluded for analysis, participants included for analy-
sis were slightly older, had a higher SEP and lower BMI, but no difference in self-report and objective sleep mea-
sures, except sleep efficiency. Valid sleep data were available for 1017 parents. As presented in Table 2, the mean 
age of adults was 44.8 years, with the majority being female (87%) and approximately half (48%) reporting that 
they never experienced troubled sleep. The SEP score was significantly lower in adults who reported more frequent 
experiences of troubled sleep. BMI, cholesterol balance (ApoB/A1), and inflammation (GlycA) was also higher 
with more frequent reports of troubled sleep.

Trouble Sleep and Objective Sleep Characteristics
As shown in Table 3, the correlations between actigraphy-derived sleep characteristics (sleep duration, timing, 
variability, and efficiency) and self-reported trouble sleeping were all less than .065 and only statistically significant 
for sleep duration and efficiency (r = .064, P < .05) and efficiency (r = −.072, P < .05).
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Table 1. Comparison of Parents Included and Excluded for Analysis

Excluded Included P Value

Demographics
 n 829 1045  
 Sex (% females) 89% 87% .190
 Age (y) 44.0 (5.4) 44.6 (5.1) .004
 SEP 0.05 (1.02) 0.27 (0.96) < .000

Trouble sleep
 Never 49% 48% .721
 Sometimes 35% 37%  
 Often 15% 15%  

Sleep variables
 Sleep period (min) 499 (68) 499 (48) .975
 Sleep midpoint (24 h:min) 02:42 (74) 2:54 (50) .100
 Sleep efficiency (%) 84.9 (7.7) 86.2 (6.5) .001
 Sleep length variability (%) 10.1 (7.2) 10.2 (8.1) .880

Cardiometabolic health
 BMI 28.2 (6.4) 27.5 (5.9) .014
 ApoB/A1 0.54 (0.14) 0.52 (0.14) .097
 GlycA 1.05 (0.16) 1.03 (0.17) .100

The P value was calculated using analysis of variance for continuous measures and χ2 for categorical measures (ie, sex and trouble 
sleeping). Unless otherwise reported, mean (SD) values are reported. ApoB/A1, apolipoprotein B/apolipoprotein A1; BMI, body mass index; 
GlycA, glycoprotein acetyls; SEP, socioeconomic position. Bold P values indicate significance <0.05.

Table 2. Demographic, Cardiometabolic, and Sleep Characteristics of Participants’ Valid Sleep Data and Included for 
Analysis (n = 1017)

Trouble Sleeping

P Value All (n = 1017) Never (n = 485)
Sometimes 

(n = 381)
Often 

(n = 151)

Sex (% female) 87 85 86 93 .030
Age (y) 44.8 (5.12) 44.6 (5.06) 45.1 (5.10) 44.5 (5.33) .248
SEP 0.27 (0.96) 0.93 (0.93) 0.94 (0.93) 1.05 (1.07) < .000
Sleep period (min) 496 (56) 496 (57) 496 (52) 510 (60) .020
Sleep midpoint (24 h:min) 02:53 (49) 02:55 (48) 02:49 (48) 02:57 (52) .107
Sleep efficiency (%) 86.1 (6.5) 86.5 (6.5) 86.2 (6.3) 84.9 (6.8) .028
Sleep length variability (%) 10.2 (7.9) 9.9 (7.9) 10.4 (7.8) 10.8 (8.3) .387
BMI 27.5 (5.9) 27.0 (5.6) 27.5 (5.9) 28.8 (6.5) .006
ApoB/A1 0.52 (0.14) 0.51 (0.14) 0.53 (0.15) 0.54 (0.14) .072
GlycA 1.03 (0.17) 1.02 (.17) 1.04 (0.17) 1.06 (0.16) .012

The P value was calculated using analysis of variance for continuous measures and χ2 for categorical measures (ie, sex). Unless otherwise 
reported, mean (SD) values are reported. ApoB/A1, apolipoprotein B/apolipoprotein A1; BMI, body mass index; GlycA, glycoprotein acetyls; 
SEP, socioeconomic position. Bold P values indicate significance <0.05.

Table 3. Point-Biserial Correlation Coefficients for Perceived Trouble Sleeping and Actigraphy-Derived Sleep 
Characteristics

Sleep Period Sleep Midpoint
Sleep Length 

Variability Sleep Efficiency

Trouble sleeping .064* .002 .040 −.072*

Trouble sleeping = never, sometimes, or often.
*P < .05.
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Sleep and Cardiometabolic Risk Factors for Type 2 Diabetes
Self-report and objective measures of sleep were significantly associated with cardiometabolic risk factors for type 
2 diabetes. As shown in Tables 4 to 6, more frequent reports of troubled sleep were significantly associated with 
higher BMI, GlycA, and ApoB/A1 (Model 2), even after adjusting for objective dimensions of sleep (Model 4). 
Actigraphy-derived sleep characteristics were inconsistently associated with the cardiometabolic health outcome 
measures (Model 3). Specifically, later sleep timing was significantly associated with higher ApoB/A1 (β = 0.11, 
95% CI, 0.05-0.17, P ≤ .001) and GlycA (β = 0.06, 95% CI, 0.00-0.12, P = .037), longer sleep period was signifi-
cantly associated with higher GlycA (β = 0.06, 95% CI, 0.01-0.11, P = .026), and greater sleep length variability 
was significantly associated with higher BMI (β = 0.07, 95% CI, 0.02-0.13, P = .008).

Trouble sleeping was a modest predictor of cardiometabolic health (Model 2: pseudo-R2, .052-.121), similar to 
the predictive power of actigraphy-measured sleep characteristics (Model 3: pseudo-R2, .055-.128), with negligible 
change when all dimensions were added to the same model (Model 4: pseudo-R2, .060-.134). Covariates (age, sex, 
SEP) and clustering explained most of the overall predictive power (Model 1: pseudo-R2, .046-.115).

Discussion
Both self-report and objective measures of sleep were significant independent predictors of cardiometabolic health. 
A relationship was observed for self-reported troubled sleep and measures of adiposity, inflammation, and choles-
terol balance. This relationship remained even after adjusting for covariates and objective measures of sleep. 
Although weak and mostly explained by the covariates (age, sex, SEP), self-report and objective measures of sleep 
had similar predictive power. Consistent with previous studies, very weak, albeit significant, relationships between 
trouble sleeping and actigraphic measures of sleep duration and efficiency were identified.27-32 Self-report trouble 
sleeping may be as strong as actigraphy-derived measures of sleep in predicting cardiometabolic risk factors associ-
ated with type 2 diabetes. Although the predictive power of both self-report and objective measures of sleep was 
small, it is important to note that such small values are typical for studies that examine human behavior in social 
science research.

Relatively few studies have examined the association between the self-reported sleep experience and cardio-
metabolic health. The self-report sleep experience was measured in terms of a global measure of self-report trou-
bled sleep. Although direct comparisons cannot be made, findings align with previous studies that have examined 
the association between self-report trouble sleeping and the risk of type 2 diabetes.42-44 Studies that use other self-
report measures of sleep yield inconsistent findings.70,71

While there have been efforts to understand the interpretation and meaning of various single-item questions, 
limited research has examined the global measure of “trouble sleeping.”26,72,73 Very weak relationships (r < .065) 
were observed between self-reported trouble sleeping and actigraphy-derived measures of sleep. However, it is 
possible that trouble sleeping may reflect characteristics of sleep not assessed (eg, wake after sleep onset) or the 
integrated effects of multiple sleep characteristics.35

Alternatively, it is also plausible that trouble sleeping simply reflects psychological attributes, which may also 
influence health. For instance, self-reported sleep quality has been associated with levels of conscientiousness 
(which relates to impulse control and the ability to complete tasks), neuroticism (which relates to emotional reac-
tivity), and optimism (which has been associated with engagement in health-promoting behaviours).34,74,75 People 
who complain of more troubled sleep may therefore simply be less optimistic or have lower levels of engagement 
in health-promoting activities, poorer coping mechanisms, and greater emotional lability—attributes that may 
affect cardiometabolic health. This may help explain the general gradient toward poorer cardiometabolic health 
with more frequent reports of troubled sleep.

Weak and inconsistent associations were observed between actigraphy-derived sleep parameters and cardio-
metabolic health. Given that all sleep characteristics are considered important for cardiometabolic health, our 
finding are somewhat surprising. However, it is important to note that most participants in the current study slept 
within the recommended amount76 and were relatively healthy, which may explain the weak associations.

Strength and Limitations
To our knowledge, this is the first study to examine the association between self-reported trouble sleeping, a range 
of actigraphy-measured sleep characteristics, and cardiometabolic risk factors known to predict type 2 diabetes in 
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a large sample of Australian adults. There are a number of limitations that need to be acknowledged. First, most 
participants were mothers. Previous studies suggest females tend to report higher levels of sleep dissatisfaction.77,78 
The sample characteristics preclude generalization to fathers, nonparents, parents of younger or older children, 
and adults in general. Second, the global measure of perceived trouble sleeping may not adequately capture differ-
ent aspects of troubled sleep (eg, trouble initiating sleep, maintaining sleep, and waking too early). Third, only 4 
actigraphy-derived sleep characteristics were examined. It is possible that other characteristics might be more 
strongly correlated to self-reported trouble sleeping. It is also important to note that validity studies tend to suggest 
that while activity monitors generally have good sensitivity with polysomnography, specificity tends to be poor.79 
Validity of monitors therefore vary according to the sleep parameter assessed. Furthermore, while we controlled 
for age, sex, and SEP, it is unknown whether participants in the current study had an underlying sleep disorder or 
other comorbidities (eg, anxiety and depression). Lastly, this study is cross-sectional and cannot imply causality.

Future Directions
A significant independent association was found between self-reported trouble sleeping and cardiometabolic health 
in Australian parents, predominantly mothers. Self-reported trouble sleeping is just one way to describe and mea-
sure the subjective sleep experience. There is currently no consensus for how to best define the self-reported sleep 
experience, and it remains unclear as to whether trouble sleeping reflects a unique dimension of sleep or nonsleep 
phenomena. In line with growing interest to examine sleep as a multidimensional construct with objective and self-
report sleep characteristics, future efforts are needed to better understand how to best measure and examine the 
self-reported sleep experience and distinguish how it may differ from actigraphy-derived measures of sleep, psy-
chological attributes, and sociodemographic and lifestyle correlates.

Conclusions
Sleep is increasingly recognized as a multidimensional construct, important for cardiometabolic health and the risk 
of type 2 diabetes. Poorer cardiometabolic health was observed for more frequent reports of troubled sleep. The 
predictive power of objective and self-report characteristics of sleep was similar. While findings support sugges-
tions80 to consider self-report measures of sleep alongside objective measures of sleep, further research is needed 
to better understand self-report experiences of sleep.

Funding
DD is supported by an Australian National Health and Medical Research Council (NHMRC) Early Career Fellowship 
APP1162166.

ORCID iD
Lisa Matricciani  https://orcid.org/0000-0002-4480-4188

References
 1. Chaput J, Dutil C, Featherstone R, et al. Sleep duration and health in adults: an overview of systematic reviews. Appl 

Physiol Nutr Metab. 2020;45(10 suppl 2):S218-S231. doi:10.1139/apnm-2020-0034
 2. Matricciani L, Paquet C, Galland B, Short M, Olds T. Children’s sleep and health: a meta-review. Sleep Med Rev. 

2019;46(1):136-150.
 3. Sutliffe J. The Association Among Sleep Duration, Sleep Timing and High-Sensitivity C-Reactive Protein Levels in an Adult 

Population. Dissertation. Walden University; 2008.
 4. Knutson K, Wu D, Patel S, et al. Association between sleep timing, obesity, diabetes: the Hispanic Community Health 

Study/Study of Latinos (HCHS/SOL) cohort study. Sleep. 2017;40(4):zsx014.
 5. Olds T, Maher C, Matricciani L. Sleep duration or bedtime? Exploring the relationship between sleep habits and weight 

status and activity patterns. Sleep. 2011;34(10):1299-1307.
 6. Bei B, Wiley J, Trinder J, Manber R. Beyond the mean: a systematic review on the correlates of daily intraindividual vari-

ability of sleep/wake patterns. Sleep Med Rev. 2016;28:108-124. doi:10.1016/j.smrv.2015.06.003
 7. Becker S, Sidol C, Van Dyk T, Epstein J, Beebe D. Intraindividual variability of sleep/wake patterns in relation to child and 

adolescent functioning: a systematic review. Sleep Med Rev. 2017;34(1):94-121. doi:10.1016/j.smrv.2016.07.004

https://orcid.org/0000-0002-4480-4188


Matricciani et al 543

 8. Gruber R, Somerville G, Enros P, Paquin S, Kestler M, Gillies-Poitras E. Sleep efficiency (but not sleep duration) of 
healthy school-age children is associated with grades in math and languages. Sleep Med. 2014;15(12):1517-1525.

 9. Fatima Y, Doi S, Mamun A. Sleep quality and obesity in young subjects: a meta-analysis. Obes Rev. 2016;17(11):1154-
1166. doi:10.1111/obr.12444

 10. Vincent GE, Jay SM, Sargent C, Vandelanotte C, Ridgers ND, Ferguson SA. Improving cardiometabolic health with diet, 
physical activity, and breaking up sitting: what about sleep? Front Physiol. 2017;8:865. doi:10.3389/fphys.2017.00865

 11. Grandner M. Addressing sleep disturbances: an opportunity to prevent cardiometabolic disease? Int Rev Psychiatry. 
2014;26(2):155-176. doi:10.3109/09540261.2014.911148

 12. Kanagasabai T, Ardern CI. Inflammation, oxidative stress, and antioxidants contribute to selected sleep quality and cardio-
metabolic health relationships: a cross-sectional study. Mediators Inflamm. 2015;2015:824589. doi:10.1155/2015/824589

 13. Quist J, Sjödin A, Chaput J, Hjorth M. Sleep and cardiometabolic risk in children and adolescents. Sleep Med Rev. 
2016;100(29):76-100. doi:10.1016/j.smrv.2015.09.001

 14. Briançon-Marjollet A, Weiszenstein M, Henri M, Thomas A, Godin-Ribuot D, Polak J. The impact of sleep disorders on 
glucose metabolism: endocrine and molecular mechanisms. Diabetol Metab Syndr. 2015;7(1):25. doi:10.1186/s13098-015-
0018-3

 15. Duraccio KM, Krietsch KN, Chardon ML, Van Dyk TR, Beebe DW. Poor sleep and adolescent obesity risk: a narrative 
review of potential mechanisms. Adolesc Health Med Ther. 2019;10:117-130. doi:10.2147/AHMT.S219594

 16. Tobaldini E, Fiorelli E, Solbiati M, Costantino G, Nobili L, Montano N. Short sleep duration and cardiometabolic risk: 
from pathophysiology to clinical evidence. Nat Rev Cardiol. 2019;16(4):213-224. doi:10.1038/s41569-018-0109-6

 17. Rangaraj V, Knutson K. Association between sleep deficiency and cardiometabolic disease: implications for health dispari-
ties. Sleep Med Rev. 2016;18(1):19-35.

 18. van Dalfsen J, Markus C. The influence of sleep on human hypothalamic–pituitary–adrenal (HPA) axis reactivity: a sys-
tematic review. Sleep Med Rev. 2018;1(39):187-194.

 19. Gozal D. Sleep, sleep disorders and inflammation in children. Sleep Med. 2009;10(1):12-16. doi:10.1016/j.sleep.2009.07.003
 20. Whitesell P, Obi J, Tamanna N, Sumner A. A review of the literature regarding sleep and cardiometabolic disease in 

African descent populations. Front Endocrinol (Lausanne). 2018;9:140. doi:10.3389/fendo.2018.00140
 21. Kanagasabai T, Ardern C. Contribution of inflammation, oxidative stress, and antioxidants to the relationship between 

sleep duration and cardiometabolic health. Sleep. 2015;38(12):1905-1912.
 22. Buysse DJ. Sleep health: can we define it? Does it matter? Sleep. 2014;37(1):9-17.
 23. Matricciani L, Bin Y, Lallukka T, et al. Rethinking the sleep-health link. Sleep Health. 2018;4(4):339-348. doi:10.1016/j.

sleh.2018.05.004
 24. Tynjälä J, Kannas L, Levälahti E, Välimaa R. Perceived sleep quality and its precursors in adolescents. Health Promot Int. 

1999;14(2):155-166.
 25. Åkerstedt T, Hume K, Minors D, Waterhouse J. Good sleep—its timing and physiological sleep characteristics. J Sleep Res. 

1997;6(4):221-229.
 26. Åkerstedt T, Hume K, Minors D, Waterhouse J. The meaning of good sleep: a longitudinal study of polysomnography and 

subjective sleep quality. J Sleep Res. 1994;3(3):152-158. doi:10.1111/j.1365-2869.1994.tb00122.x 
 27. Unruh M, Redline S, An M, et al. Subjective and objective sleep quality and aging in the sleep heart health study. J Am 

Geriatr Soc. 2008;56(7):1218-1227. doi:10.1111/j.1532-5415.2008.01755.x
 28. Jackowska M, Dockray S, Hendrickx H, Steptoe A. Psychosocial factors and sleep efficiency: discrepancies between subjec-

tive and objective evaluations of sleep. Psychosom Med. 2011;73(9):810-816.
 29. Aili K, Åström-Paulsson S, Stoetzer U, Svartengren M, Hillert L. Reliability of actigraphy and subjective sleep measure-

ments in adults: the design of sleep assessments. J Clin Sleep Med. 2017;13(1):39-47. doi:10.5664/jcsm.6384
 30. Jean-Louis G, Kripke D, Ancoli-Israel S. Sleep and quality of well-being. Sleep. 2000;23(8):1115-1121.
 31. Spielmanns M, Bost D, Windisch W, et al. Measuring sleep quality and efficiency with an activity monitoring device in 

comparison to polysomnography. J Clin Med Res. 2019;11(12):825-833. doi:10.14740/jocmr4026
 32. Åkerstedt T, Kecklund G, Axelsson J. Subjective and objective quality of sleep. Somnologie. 2008;12(2):104-109.
 33. Matricciani L. Subjective reports of children’s sleep duration: does the question matter? A literature review. Sleep Med. 

2013;14(4):303-311.
 34. Duggan K, Friedman H, McDevitt E, Mednick S. Personality and healthy sleep: the importance of conscientiousness and 

neuroticism. PLoS One. 2014;9(3):e90628. doi:10.1371/journal.pone.0090628
 35. Krystal A, Edinger J. Measuring sleep quality. Sleep Med. 2008;9(1):10-17. doi:10.1016/S1389-9457(08)70011-X
 36. Majer M, Jones J, Unger E, et al. Perception versus polysomnographic assessment of sleep in CFS and non-fatigued control 

subjects: results from a population-based study. BMC Neurol. 2007;7(1):1-9. doi:10.1186/1471-2377-7-40
 37. Thakral M, Von Korff M, McCurry S, Morin C, Vitiello M. Changes in dysfunctional beliefs about sleep after cognitive 

behavioral therapy for insomnia: a systematic literature review and meta-analysis. Sleep Med Rev. 2020;49(1):101230. 
doi:10.1016/j.smrv.2019.101230

 38. Spielman A. Assessment of insomnia. Clin Psychol Rev. 1986;6(1):11-25.



544 The Science of Diabetes Self-Management and Care 48(6) 

 39. Doghramji K. The epidemiology and diagnosis of insomnia. Am J Manag Care. 2006;12(8):S214-S220.
 40. Grima N, Bei B, Mansfield D. Insomnia theory and assessment. Aust J Gen Pract. 2019;48(4):193-197. doi:10.31128/

AJGP-12-18-4780
 41. O’donnell D, Silva EJ, Münch M, Ronda JM, Wang W, Duffy JF. Comparison of subjective and objective assessments of 

sleep in healthy older subjects without sleep complaints. J Sleep Res. 2009;18(2):254-263.
 42. Boyko E, Seelig A, Jacobson I, et al. Sleep characteristics, mental health, and diabetes risk: a prospective study of U.S. military 

service members in the Millennium Cohort Study. Diabetes Care. 2013;36(10):3154-3161. doi:10.2337/DC13-0042
 43. Meisinger C, Heier M, Löwel H. Sleep disturbance as a predictor of type 2 diabetes mellitus in men and women from the 

general population. Diabetologia. 2005;48(2):235-241.
 44. Liu J, Hay J, Faught B. The association of sleep disorder, obesity status, and diabetes mellitus among US adults—the 

NHANES 2009-2010 survey results. Int J Clin Endocrinol Metab. 2013;16:1-6.
 45. Sanson A, Johnstone R. ‘Growing up in Australia’ takes its first steps. Fam Matters. 2004;67:46-53.
 46. Edwards B. Growing up in Australia: the longitudinal study of Australian children entering adolescence and becoming a 

young adult. Fam Matters. 2014;95(5):5–14.
 47. van Hees V, Sabia S, Anderson K, et al. A novel, open access method to assess sleep duration using a wrist-worn acceler-

ometer. PLoS One. 2015;10(11):e0142533. doi:10.1371/journal.pone.0142533
 48. Matricciani L, Fraysse F, Grobler A, Muller J, Wake M, Olds T. Sleep: population epidemiology and concordance in 

Australian children aged 11-12 years and their parents. BMJ Open. 2019;9(suppl 3):127-135.
 49. Fraysse F, Grobler A, Muller J, Wake M, Olds T. Physical activity and sedentary activity: population epidemiology and 

concordance in 11-12 year old Australians and their parents. BMJ 2019;9(suppl 3):136-146.
 50. Olds T, Blunden S, Petkov J, Forchino F. The relationships between sex, age, geography and time in bed in adolescents: a 

meta-analysis of data from 23 countries. Sleep Med Rev. 2010;14(6):371-378.
 51. Ohayon M, Carskadon M, Guilleminault C, Vitiello M. Meta-analysis of quantitative sleep parameters from childhood to 

old age in healthy individuals: developing normative sleep values across the human lifespan. Sleep. 2004;27(7):1255-1273. 
doi:10.1093/sleep/27.7.1255

 52. Thorleifsdottir B, Björnsson J, Benediktsdottir B, Gislason T, Kristbjarnarson H. Sleep and sleep habits from childhood to 
young adulthood over a 10-year period. J Psychosom Res. 2002;53(1):529-537. doi:10.1016/s0022-3999(02)00444-0

 53. Szymczak J, Jasinska M, Pawlak E, Zwierzykowska M. Annual and weekly changes in the sleep-wake rhythm of school 
children. Sleep. 1993;16(5):433-435. doi:10.1093/sleep/16.5.433

 54. Dollman J, Ridley K, Olds T, Lowe E. Trends in the duration of school-day sleep among 10- to 15-year-old South 
Australians between 1985 and 2004. Acta Paediatr. 2007;96(7):1011-1014.

 55. Jarrin DC, McGrath JJ, Quon EC. Objective and subjective socioeconomic gradients exist for sleep in children and adoles-
cents. Health Psychol. 2014;33(3):301-305. doi:10.1037/a0032924

 56. Felden É, Leite C, Rebelatto C, Andrade R, Beltrame T. Sleep in adolescents of different socioeconomic status: a systematic 
review [Sono em adolescentes de diferentes niveis socioeconomicos: revisao sistematica]. Rev Paul Pediatr. 2015;33(4):467-
473. doi:10.1016/j.rpped.2015.01.011

 57. Baker K, Sipthorp M, Edwards B. A longitudinal measure of socioeconomic position in LSAC. 2017. Accessed April 20, 
2022. https://growingupinaustralia.gov.au/sites/default/files/tp18.pdf 

 58. Blakemore T, Gibbings J, Strazdins L. Measuring the socio-economic position of families in HILDA and LSAC. Proceedings 
of the ACSPRI Social Science Methodology Conference. University of Sydney, Australia; 2006.

 59. Hardy DS, Stallings DT, Garvin JT, Xu H, Racette SB. Best anthropometric discriminators of incident type 2 diabe-
tes among white and black adults: a longitudinal ARIC study. PLoS One. 2017;12(1):e0168282. doi:10.1371/journal 
.pone.0168282

 60. Zhang L, Shang X, Sreedharan S, et al. Predicting the development of type 2 diabetes in a large Australian cohort using 
machine-learning techniques: longitudinal survey study. JMIR Med Inform. 2020;8(7):e16850. doi:10.2196/16850

 61. Akinkuolie AO, Pradhan AD, Buring JE, Ridker PM, Mora S. Novel protein glycan side-chain biomarker and risk of inci-
dent type 2 diabetes mellitus. Arterioscler Thromb Vasc Biol. 2015;35(6):1544-1550. doi:10.1161/ATVBAHA.115.305635

 62. Chou Y-C, You S-L, Bai C-H, Liao Y-C, Wei C-Y, Sun C-A. Utility of apolipoprotein measurements in predicting inci-
dent type 2 diabetes: a Chinese cohort study. J Formos Med Assoc. 2020;119(1):51-58. doi:10.1016/j.jfma.2019.03.001

 63. Sierra-Johnson J, Romero-Corral A, Somers VK, et al. ApoB/apoA-I ratio: an independent predictor of insulin resistance 
in US non-diabetic subjects. Eur Heart J. 2007;28(21):2637-2643. doi:10.1093/eurheartj/ehm360

 64. Ellul S, Wake M, Clifford S, et al. Metabolomics: population epidemiology and concordance in Australian children aged 
11-12 years and their parents. BMJ Open. 2019;9(suppl 3):106-117. 

 65. Connelly M, Otvos J, Shalaurova I, Playford M, Mehta N. GlycA, a novel biomarker of systemic inflammation and cardio-
vascular disease risk. J Transl Med. 2017;15(1):219. doi:10.1186/s12967-017-1321-6

 66. de Lima Albuquerque M, da Silva Diniz A, de Arruda I. Apolipoproteins and their association with cardiometabolic risk 
biomarkers in adolescents. Nutr Hosp. 2015;32(6):2674-2683.

 67. InBody. InBody 230. Published 2021. Accessed April 20, 2022. http://www.inbody.com/global/product/InBody230.aspx 
 68. Højsgaard S, Halekoh U, Yan J. The R package geepack for generalized estimating equations. J Stat Softw. 2006;15(2):1-11.

https://growingupinaustralia.gov.au/sites/default/files/tp18.pdf
http://www.inbody.com/global/product/InBody230.aspx


Matricciani et al 545

 69. Zheng B. Summarizing the goodness of fit of generalized linear models for longitudinal data. Stat Med. 2000;19(10):1265-
1275. doi:10.1002/(sici)1097-0258(20000530)19:10<1265::aid-sim486>3.0.co;2-u

 70. Irwin M, Olmstead R, Carroll J. Sleep disturbance, sleep duration, and inflammation: a systematic review and meta-
analysis of cohort studies and experimental sleep deprivation. Biol Psychiatry. 2016;80(1):40-52. doi:10.1016/j.biopsych 
.2015.05.014

 71. Kruisbrink M, Robertson W, Ji C, Miller M, Geleijnse J, Cappuccio F. Association of sleep duration and quality with 
blood lipids: a systematic review and meta-analysis of prospective studies. BMJ Open. 2017;7(12):e018585. doi:10.1136/
bmjopen-2017-018585

 72. Harvey AG, Stinson K, Whitaker KL, Moskovitz D, Virk H. The subjective meaning of sleep quality: a comparison of 
individuals with and without insomnia. Sleep. 2008;31(3):383-393.

 73. Åkerstedt T, Hume K, Minors D, Waterhouse J. The subjective meaning of good sleep, an intraindividual approach using 
the Karolinska Sleep Diary. Percept Mot Skills. 1994;79(1):287-296.

 74. Hernandez R, VU T-HT, Kershaw KN, et al. The association of optimism with sleep duration and quality: findings from 
the coronary artery risk and development in young adults (CARDIA) study. Behav Med. 2020;46(2):100-111. doi:10.108
0/08964289.2019.1575179

 75. Lee LO, James P, Zevon ES, et al. Optimism is associated with exceptional longevity in 2 epidemiologic cohorts of men 
and women. Proc Natl Acad Sci U S A. 2019;116(37):18357-18362.

 76. Suni E. How much sleep do we really need? Published March, 2021. Accessed August 8, 2021. https://sleepfoundation.org/
how-sleep-works/how-much-sleep-do-we-really-need

 77. Ohayon M, Zulley J. Correlates of global sleep dissatisfaction in the German population. Sleep. 2001;24(7):780-787.
 78. Varghese N, Lugo A, Ghislandi S, Colombo P, Pacifici R, Gallus S. Sleep dissatisfaction and insufficient sleep duration in 

the Italian population. Sci Rep. 2020;10(1):1-8. doi:10.1038/s41598-020-72612-4
 79. Conley S, Knies A, Batten J, et al. Agreement between actigraphic and polysomnographic measures of sleep in adults with 

and without chronic conditions: a systematic review and meta-analysis. Sleep Med Rev. 2019;46:151-160.
 80. Wallace ML, Hall MH, Buysse DJ. Measuring sleep health. In: Javier Nieto F, Petersen DJ, eds. Foundations of Sleep 

Health. Elsevier; 2022:37-71.

https://sleepfoundation.org/how-sleep-works/how-much-sleep-do-we-really-need
https://sleepfoundation.org/how-sleep-works/how-much-sleep-do-we-really-need

