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ABSTRACT

Background: Short sleep duration in childhood has often been linked with obesity in
later childhood or adolescence. However, whether infant sleep duration affects body
composition trajectories and cardiovascular health through to mid-adolescence remains
unknown.

Methods: Participants were 336 adolescents from a community-based prospective birth
cohort in Melbourne, Australia. Mothers completed 24-hour time diaries including
infant sleep in 5-minute intervals at ages 2, 4 and 12 months. BMI and body composition
outcomes were measured 6-monthly between 4 and 6.5 years and at 10 and 14 years.
Cardiovascular outcomes at 14 years comprised blood pressure, pulse wave velocity, reti-
nal arteriole-to-venule ratio and carotid intima-media thickness. We used multivariable
linear regression and multinomial logistic regression analyses adjusted for sex, age, BMI
at birth, gestational age, ethnicity, maternal education, maternal BMI and neighborhood
socioeconomic position.

Results: At two months, infants slept on average 14.1 hours (SD 1.9), decreasing to 13.4
hours (SD 2.0) by 12 months. We observed no associations between the different sleep
duration time points in infancy and later BMI or body composition. Moreover, a shorter
sleep duration did not increase the odds of being on a high body composition trajectory
compared to longer sleep (e.g. OR per hour of sleep at 4 months 0.85, 95% CI 0.65, 1.11).
Infant sleep duration was also not associated with cardiovascular function or large or
small artery structure at 14 years of age.

Conclusions: We found no evidence that sleep duration very early in life affects adoles-
cent body composition or cardiovascular health.

Erasmus University Rotterdam Za‘{uu.g



Infant sleep duration and cardiovascular health in adolescence
INTRODUCTION

Links between short sleep duration and obesity have been extensively studied in children
and adolescents.'” A recent meta-analysis of prospective studies showed that short sleep
duration increased the risk of later obesity by 45% in children and adolescents.* Mecha-
nisms proposed to underlie a relationship between inadequate sleep and increased weight
include an increased appetite, less physical activity due to tiredness, and parents possibly
offering extra food when children are awake."**

Results of studies on sleep duration in very early life (i.e. infancy) on later weight
development are, however, partially inconsistent. Several studies showed an association
between short sleep in infancy and higher BMI up to 7 years of age,” "> while other studies
found no association.™* Chaput et al."” concluded in a systematic review that despite
this negative association in most studies, the quality of evidence remained low. Studies
generally used parent-estimated mean sleep duration per day, which is considered less
accurate than prospective diary-reported sleep duration or sleep duration as measured
with actigraphy.'® Moreover, none of these studies have followed up beyond 7 years of age,
so whether effects of short sleep duration in infancy on obesity development persist into
late childhood or adolescence remains unknown.

Short sleep duration might also affect later cardiovascular health outcomes, poten-
tially through central sympathetic mechanisms and inflammation'” and/or the early car-
diovascular health impacts of sleep-associated obesity itself. In children, the few papers
that have examined relationships between sleep duration and cardiovascular health are
mostly cross-sectional. A review of cross-sectional studies in children and adolescents
from Matthews and Pantesco' and a follow-up review by Fobian et al.”” showed that
shorter sleep duration is often associated with higher blood pressure, while the only two
longitudinal studies yielded mixed results. Furthermore, Navarro-Solera et al.” reported
a cross-sectional relationship of short sleep with mean arterial pressure in children aged
7-16 years with obesity, but no studies have examined cardiovascular indicators other
than blood pressure in a community sample.

The current study examined the prospective association of sleep duration, measured
repeatedly across infancy by 24-hour sleep diaries, with BMI and body composition
throughout childhood and with cardiovascular health in mid-adolescence in a community
cohort of Australian children. Furthermore, we examined whether short sleep in infancy
poses a risk for being on a high BMI or fat mass trajectory from childhood onwards. We
expected that shorter sleep duration in infancy is associated with (trajectories of) higher
BMI and fat mass and with adverse cardiovascular outcomes in mid-adolescence.
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METHODS

Study design and participants

This study drew on data from the PEAS Kids Growth Study, which commenced as a pro-
spective quasi-experimental study and followed-up as a prospective community-based
cohort focused on growth and cardiovascular health in Australian children. Parents pro-
vided written consent at each phase of the study. At the age of 14 years, adolescents also
gave written consent. The PEAS Study and the PEAS Kids Growth Study were approved
by The Royal Children’s Hospital Human Ethics Research Committee (HREC 28135).

Between June 1998 and February 2000, all first-time mothers were approached when
their baby was aged 2 weeks in three local government areas of Melbourne (urban,
suburban and semirural) to participate in the Parent Education and Support (PEAS)
Study. This program was a non-randomized quasi-experimental trial, delivered through
existing universal government-funded Maternal and Child Health (MCH) program
visits. Both the intervention group and control group received routine visits available
to all Melbourne babies throughout the first 2 years of life, namely at 2 weeks and at 2,
4, 8, 12, 18 and 24 months. Parents of the intervention group received additional advice
on a wide range of common parenting problems, including cry-fuss behavior and sleep
problems. At the 4 and 8 month scheduled visits, the intervention group discussed infant
sleep with maternal and child health nurses who gave guidance notes on nighttime sleep
routines and simple strategies to encourage good sleep patterns. Groups were similar in
baseline and end-of-trial child health and behavior, including sleep, and were therefore
followed-up as a combined cohort from the age of 4 years onwards in the PEAS Kids
Growth Study.”' Participating families still residing in Melbourne were invited for six
follow up visits between 4.5 and 6 years, followed by visits at 10 and 14 years.

Originally, 493 mother-child dyads were recruited, of whom 469 children completed
the PEAS Study at 24 months. At the age of 4 years, 402 mother-child dyads continued
to participate in the PEAS Kids Growth Study. The final sample for the current study
included those with at least one assessment of infant sleep duration and one outcome
assessment later in childhood (4, 6 or 10 years) or early adolescence (14 years), in order
to keep the study sample as large as possible (n=336). Of those, 276 children had sleep
duration information available at all three assessments (82.1%). The study sample was
smallest at the age of 14 years (n=195), due to participant withdrawal or loss to follow-up
(Flowchart: Supplementary Figure 6.1).

Procedures and Measurements

During each wave, parents completed written questionnaires. Additionally, objective
physical health measures were collected by MCH nurses from 2 weeks to 2 years (as part
of their usual service), by trained researchers during home visits from 4 to 10 years, and
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again by researchers at a clinic visit at Melbourne’s Royal Children’s Hospital or home

visit at 14 years of age.

Infant sleep duration
Infant sleep duration at 2 months, 4 months and 12 months was measured with infant

sleep/fuss diaries, originally developed by Barr et al.”

At each age, parents completed
a single 24-hour diary (from 8.00 am to 8.00 am) by reporting whether the infant was
sleeping, being fed, awake/content or crying/fussing at each 5-minute interval over a

24-hour period.

BMI and body composition

Six-monthly between the ages of 4 and 6.5 years, and at 10 and 14 years, anthropometrics
of the participants were measured during in-person visits in light clothing with bare
feet. Height was measured twice in centimeters (recorded to the nearest 0.1 cm) using a
portable rigid stadiometer (IP0955; Invicta; Leicester, UK). The mean of two height mea-
surements was used unless these differed by >0.5cm, in which case height was measured
a third time and the mean of three measurements was used. Weight was measured using
a digital scale (4 to 6.5 years: Tanita TI-THD 646; 10 and 14 years Tanita BC-351, Tokyo
Japan). BMI was calculated as kg/m’ for each time point.

Body composition was measured unfasted using Bioelectrical Impedance Analysis
(BIA). Measurements between 4 and 6.5 years utilized 4-limb multiple frequency bio-
electrical impedance analysis (MFBIA; Bodystat QuadScan analyser; Bodystat Ltd; Isle of
Man, United Kingdom). MFBIA was performed with the child lying still and adhesive
electrodes applied to the right wrist, hand, foot and ankle. The Schaefer equation was used
to calculate percent fat variables from the MFBIA output.”” At 10 and 14 years, BIA was
measured unfasted using portable 2-limb BIA scales (BC-351; Tanita, Japan). Percent fat
is calculated by these scales using proprietary impedance equations not in the public do-
main. Fat mass (kg) was calculated as total weight (kg) x percent fat, while lean mass was
calculated as total weight (kg) - fat mass (kg). Fat Mass Index (FMI) was calculated as fat
mass (kg)/ height (m)*, and Lean Mass Index (LMI) as all non-fat mass (kg)/ height (m)’.

Cardiovascular function and structure outcomes

Cardiovascular function and structure outcomes were assessed during clinical assess-
ments at Melbourne’s Royal Children’s Hospital or at home at the age of 14 years. Blood
pressure and pulse wave velocity (PWV) were assessed using the Automated Sphygmo-
Cor XCEL device (AtCor Medical, NSW, Australia). Brachial systolic and diastolic blood
pressure were measured three times to the nearest 1 mmHg, after the child had been
lying down quietly for 2 minutes, with 1-minute breaks between measurements. Carotid-
femoral PWV was then measured once to the nearest 0.1 m/sec. Pulse transit time (sec)
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was determined by the SphygmoCor XCEL as the time between the bottom of the carotid
and femoral pulse waveforms with corrections made for the femoral pulse wave being
measured on the thigh. The SphygmoCor XCEL calculates PWV as distance (m)/ pulse
transit time (sec).**

Equipment for macro- and micro-vascular structure outcomes was not available for
the home visits and therefore only children who attended the clinic-based visit have these
data available. Retinal arteriole-to-venule ratio (AVR) was measured from one of four
retinal photographs taken with a digital nonmydriatic camera (CR-DGi with EDS 30D
SLR camera back, CERA, Melbourne, Australia) and saved for later analysis. Retinal
vascular caliber was measured from the right-eye retina-centered photo using the Inter-
active Vessel Analysis (IVAN) software which measures all microvessels in the half- to
one-disk diameter from the optic disc.” The “big 6” methodology summarizes the largest
six arterioles and the largest six venules as the Central Retinal Artery Equivalent (CRAE)
and the Central Retinal Vein Equivalent (CRVE) respectively.” AVR was calculated as
CRAE/CRVE. Carotid intima-media thickness (cIMT) was measured by Vivid i portable
ultrasound with linear array probe for vascular ultrasound and ECG (Vivid i BT06, GE
Healthcare, Buckinghamshire, UK). cIMT was measured 1 cm proximal to the carotid
bulb at the R wave using automated Carotid Analyzer 6 program (MIA, Iowa). These
methods have been reported in detail elsewhere.”’

Covariates

Several potential confounders were identified a priori. At baseline, mothers reported
child sex, date of birth, child place of birth (Australia versus other) and highest maternal
level of completed education (did not complete high school, completed high school,
completed tertiary education). Gestational age and BMI at birth were retrieved from
the parent-held Child Health Record, completed at birth. Neighborhood socioeconomic
status was based on the neighborhood disadvantage score (SEIFA Index of Relative So-
cioeconomic Disadvantage) for the residential postcode, derived from Australian census
data; the Australian national mean is 1000 (SD 100), with lower scores reflecting more
disadvantage.”® Mothers reported their own height (cm), and weight was assessed at the
4-year visit, from which BMI was calculated as weight (kg)/ height (m)”.

Statistical analyses

Body composition trajectories from 4 to 14 years of age

Body composition trajectories were identified for children with at least one cardiovascular
outcome measured at 14 years. For each of the three separate body composition variables,
latent class analysis (LCA) was used to assign children to their most likely trajectory
class. Model fit parameters (Supplementary Table 6.1) were assessed to determine the
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Figure 6.1. Trajectories of BMI, fat mass index and lean mass index as derived with Latent Class Analysis.
Total n=194 for BMI trajectories, and n=193 for fat mass index and lean mass index trajectories.

optimal number of latent classes. Model fit parameters considered included the following
information criteria; the model entropy, which we aimed to maximize; the sample size of
the smallest trajectory category, which we aimed to keep above 10% of the total sample;
the significance of the Vuong-Lo-Mendall-Rubin likelihood ratio test; and the interpret-
ability of the resulting trajectories. Consideration of these factors resulted in a three-class
solution for all three trajectory analyses i.e. low, medium or high BMI, FMI and LMI
(Figure 6.1). Latent Class Analyses were performed with Mplus version 5.”
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Associations of infant sleep duration with body composition and cardiovascular function
and structure

To examine the relationship of sleep duration in infancy with body composition (ages 4,
6, 10 and 14 years) and cardiovascular phenotypic outcomes (age 14 years), multivariable
linear regression analyses were conducted, adjusted for the above-mentioned covariates.
Secondly, we examined whether sleep duration in infancy was associated with trajectories
of BMI, FMI and LMI across childhood and adolescence (age 4 — 14 years), using multi-
nomial logistic regression analysis adjusted for the covariates.

We checked for non-linearity by adding a quadratic term of sleep duration in the
models with BMI. Further, we repeated our analyses with trajectories based on sex- and
age adjusted BMI z-scores instead of raw BMI trajectories. To include as many cases as
possible, missing data on confounders were estimated by multiple imputation techniques
(fully conditional specification method). All study variables were included as predictors,
and results are based on pooled results of 20 datasets. Analyses were performed with IBM
SPSS version 24.

RESULTS

Sample characteristics are provided in Table 6.1. Most of the children included had an
Australian background (87.9%), and mothers had a mean BMI of 24.6 (SD 4.7) at the
4-years visit. At the age of 2 months, children slept on average 14.1 hours (SD 1.9), and
this decreased to 13.4 hours (SD 2.0) at 12 months of age. Mean BMI at 4 and 6 years was
16.5 kg/m” (SD 1.4) and 16.3 kg/m” (SD 1.6) respectively, increasing to 21.5 kg/m* (SD
3.5) at 14 years.

Table 6.2 shows associations between infant sleep duration at 2, 4 and 12 months and
later outcomes. Overall, neither the point estimates nor the confidence intervals sug-
gested associations between sleep duration in infancy and later BMI, body composition,
or adolescent cardiovascular health indicators (systolic and diastolic blood pressure,
PWYV, cIMT and AVR).

None of the associations between infant sleep duration and body composition trajec-
tories reached significance. With the low trajectory as the reference in each case, estimates
were in the expected direction for all three infant sleep time points for the high BMI and
high FMI trajectories, but in the opposite to expected direction for the medium BMI and
FMI trajectories. For example, compared to those with shorter sleep durations, children
with longer sleep duration tended to have a lower odds of being in the: a) high BMI
trajectory (e.g. OR=0.86, 95% CI= 0.69, 1.06, per hour of sleep at 12 months) and b) high
FMI trajectory (e.g. at 12 months: OR=0.91, 95% CI= 0.74, 1.12) while ¢) simultaneously
having a higher odds of being in a trajectory with high LMI (e.g. at 2 months: OR= 1.30,
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Table 6.1. Characteristics of the study sample.

Characteristics Total Sample (n=336)
n Value
Child characteristics
Male sex (%) 166 49.4
Birth weight, kg (mean, SD) 322 3.5(0.5)
BMI at birth (mean, SD) 313 13.7 (1.3)
Gestational age at birth (mean, SD), weeks 325 39.6 (1.6)
Place of birth (%)
Australian 290 87.9
Other 40 12.1
Sleep duration at age 2 months (mean, SD) 317 14.1 (1.9)
Sleep duration at age 4 months (mean, SD) 306 14.1 (1.9)
Sleep duration at age 12 months (mean, SD) 312 13.4 (2.0)
BMI at age 4 years (mean, SD) 333 16.4 (1.4)
BMI at age 6 years (mean, SD) 315 16.3 (1.6)
BMI at age 10 years (mean, SD) 258 182 (2.7)
BMI at age 14 years (mean, SD) 195 21.5 (3.5)

Mother characteristics

Education level (%)

High school not completed 71 21.7
High school completed 121 37.0
Tertiary education completed 135 41.3
BMI (mean, SD) 320 24.6 (4.7)
Neighborhood socioeconomic status, SEIFA (median, IQR) 200 1051.9 (28.3)

Characteristics are based on original data. IQR= interquartile range, SD= standard deviation.

95% CI= 0.95, 1.75). We did not observe a quadratic relationship of infant sleep duration
with subsequent BMI. Finally, analyses with trajectories based on BMI z-scores yielded
similar findings: no associations were observed between sleep duration in infancy and
trajectories of BMI z-scores.

DISCUSSION

Findings from this community-based Australian study showed that 24-hour diary-
reported sleep duration at three different time points in infancy was not associated with
body composition and cardiovascular function and structure up to mid-adolescence,
despite a weak suggestion of relationships with the highest adiposity trajectories of BMI
and FMI from 4 to 14 years.
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It is recommended that infants until one year of age sleep 12 to 16 hours per 24
hours.” Variability in infant sleep duration can be explained by individual differences in
sleep need, but can also be due to parents influencing the sleep-wake cycle, for instance by
set bed times, bedtime routines and strategies used in response to night waking.’"** In our
sample, there was considerable variability in sleep duration and on average 10% of our
infants slept less than 12 hours per day, which is comparable to the prevalence of sleep
problems during infancy.” Despite this variation, we did not observe that short sleep
duration in infancy was associated with increased adiposity across childhood.

Results of this study do not align with the mounting number of papers linking sleep
duration with BMI across the life course.>**** This may partly relate to the high quality
of our infant sleep measure. Most studies have used global maternal reports of infant
sleep duration, which typically overestimate actual daily sleep duration.'® We used pro-
spective, validated 24 hour time diaries recording sleep in 5-minute intervals, known to
provide more precise estimations.'® Although likely still less accurate than objective sleep
measures, such as polysomnography or actigraphy, diaries are more feasible in larger
community-based settings. In this study, parents had to report every 5 minutes what their
infant was doing (sleeping, being fed, awake and cry/fuss) over a 24-hour period. The
use of these diaries for assessing patterns of crying and fussiness was validated against
audiotape recordings, and showed that diaries provide valid reports.”* Although promis-
ing, such validation is lacking for sleep estimates. However, misclassification of sleep is
only problematic if the degree of sleep overestimation differs between different groups of
parents (e.g. by socioeconomic or ethnic background), as this may distort the association
between child sleep and BMI. Secondly, it might be that infant sleep only affects weight
development within early or mid-childhood (the follow-up window of previous studies).
However, we did not observe a relationship of infant sleep duration with BMI and body
composition at age 4 years nor with trajectories of BMI from 4 years onwards. Further,
our findings are in line with randomized intervention trials focused on improving infant
sleep. These studies reported no improvement of sleep duration, or no beneficial effect on
the child’s later BMI status,”” or had only marginal impacts.”*

Few infant sleep studies have distinguished between the outcomes of fat and lean
mass, despite the assumption that short sleep is mainly obesogenic.” Sleep duration has
been associated with a higher skinfold thickness at 3 years and fat mass levels at 6, 7
and 13 years, and an association with both fat mass and lean mass in children aged 3-4
years has also been reported.”*'****' We did not show prospective associations of sleep
duration with any marker of body composition at 4, 6, 10 and 14 years, nor did shorter
sleep duration have any meaningful effect on FMI or LMI trajectories across childhood.

We did not observe an association between infant sleep and adolescent structural and
functional cardiovascular outcomes. To our knowledge, this study is the first to examine
such relationships from infancy. Within the adult literature, those reporting a short sleep
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duration had a higher risk of developing or dying from coronary heart disease (CHD)
(48%) or stroke (15%) compared to adults with normal sleep duration.” Child and
adolescent studies examining sleep duration and high blood pressure are conflicting.®
For example, in a large Chinese population, short sleep duration was only associated
with higher blood pressure in 11-14 year-old boys, but not in girls or children at other
ages.” Prospective studies with sleep duration in infants are scarcer. One previous study
reported that infant sleep duration at age 2 months (but not at later ages up to 36 months)
was inversely associated with systolic blood pressure at 6 years." Plumptre et al.** re-
ported no association between sleep duration in children aged 12-36 months and systolic
blood pressure in mid-childhood. Perhaps shorter sleep duration only at later ages alters
cardiovascular health.

This study was strengthened by the repeated use of valid, prospective 5-minute interval
diaries to report infant sleep duration, its 14-year follow-up, the ability to use body com-
position trajectories and detailed cardiovascular health outcomes at mid-adolescence. A
necessary consequence of such precise and intensive assessments of sleep duration and
health outcomes is a relatively small sample, reducing the power of the study to confirm
small true associations. However, even though our confidence intervals were not narrow,
the point estimates did not suggest any meaningful associations. The number of par-
ticipants in the trajectory groups may have also reduced the power to detect associations
between sleep duration and body composition trajectories. This emphasizes the need for
replication in larger samples. Differential loss to follow-up in less privileged participants
may affect the generalizability of the results. However, 336 (68%) of the original children
could be included in analyses and both predictor and outcomes showed expected vari-
ability for a community sample, suggesting that the influence of selective follow up on our

findings was minimal.

Conclusions

From this Australian prospective community-based study, we conclude that 24-hour,
diary-assessed infant sleep duration was not associated with body composition or cardio-
vascular health from mid-childhood to mid-adolescence. Larger observational studies
that accurately measure infant sleep (using actigraphy or sleep diaries) are needed to
confirm whether shorter sleep duration is a risk factor for later adverse health outcomes
or not. However, this study suggests that at most such effects would be small - if they exist
at all. Therefore, it still seems premature to implement intervention programs that aim to

increase infant sleep in order to prevent childhood obesity.

Erasmus University Rotterdam 24«/«.&9

13



14 Erasmus Medical Center Rotterdam

REFERENCES

1. Chen X, Beydoun MA, Wang Y. Is sleep duration associated with childhood obesity? A
systematic review and meta-analysis. Obesity (Silver Spring). 2008;16(2):265-74.

2. Cappuccio FP, Taggart FM, Kandala NB, et al. Meta-analysis of short sleep duration and
obesity in children and adults. Sleep. 2008;31(5):619-26.

3. Fatima Y, Doi SA, Mamun AA. Longitudinal impact of sleep on overweight and obesity in
children and adolescents: a systematic review and bias-adjusted meta-analysis. Obes Rev.
2015;16(2):137-49.

4. LiL, Zhang S, Huang Y, et al. Sleep duration and obesity in children: A systematic review
and meta-analysis of prospective cohort studies. J Paediatr Child Health. 2017;53(4):378-85.

5. Taheri S, Lin L, Austin D, et al. Short sleep duration is associated with reduced leptin,
elevated ghrelin, and increased body mass index. PLoS Med. 2004;1(3):e62.

6. Miller MA, Kruisbrink M, Wallace J, et al. Sleep duration and incidence of obesity in infants,
children, and adolescents: a systematic review and meta-analysis of prospective studies.
Sleep. 2018;41(4).

7. Taveras EM, Rifas-Shiman SL, Oken E, et al. Short sleep duration in infancy and risk of
childhood overweight. Arch Pediatr Adolesc Med. 2008;162(4):305-11.

8. Taveras EM, Gillman MW, Pena MM, et al. Chronic sleep curtailment and adiposity. Pediat-
rics. 2014;133(6):1013-22.

9. Bell JE Zimmerman FJ. Shortened nighttime sleep duration in early life and subsequent
childhood obesity. Arch Pediatr Adolesc Med. 2010;164(9):840-5.

10. Halal CS, Matijasevich A, Howe LD, et al. Short Sleep Duration in the First Years of Life and
Obesity/Overweight at Age 4 Years: A Birth Cohort Study. J Pediatr. 2016;168:99-103 e3.

11. Hager ER, Calamaro CJ, Bentley LM, et al. Nighttime Sleep Duration and Sleep Behaviors
among Toddlers from Low-Income Families: Associations with Obesogenic Behaviors and
Obesity and the Role of Parenting. Child Obes. 2016;12(5):392-400.

12.  Derks IPM, Kocevska D, Jaddoe VWYV, et al. Longitudinal Associations of Sleep Duration in
Infancy and Early Childhood with Body Composition and Cardiometabolic Health at the
Age of 6 Years: The Generation R Study. Child Obes. 2017;13(5):400-8.

13.  Klingenberg L, Christensen LB, Hjorth MF, et al. No relation between sleep duration and
adiposity indicators in 9-36 months old children: the SKOT cohort. Pediatr Obes. 2013;8(1):
el4-8.

14. Hiscock H, Scalzo K, Canterford L, et al. Sleep duration and body mass index in 0-7-year
olds. Arch Dis Child. 2011;96(8):735-9.

15.  Chaput JP, Gray CE, Poitras V], et al. Systematic review of the relationships between sleep
duration and health indicators in the early years (0-4 years). BMC Public Health. 2017;
17(Suppl 5):855

16. Werner H, Molinari L, Guyer C, et al. Agreement rates between actigraphy, diary, and
questionnaire for children’s sleep patterns. Arch Pediatr Adolesc Med. 2008;162(4):350-8.

17.  Mullington JM, Haack M, Toth M, et al. Cardiovascular, inflammatory, and metabolic

consequences of sleep deprivation. Prog Cardiovasc Dis. 2009;51(4):294-302.

Erasmus University Rotterdam Za‘{uu.g



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Infant sleep duration and cardiovascular health in adolescence

Matthews KA, Pantesco EJ. Sleep characteristics and cardiovascular risk in children and
adolescents: an enumerative review. Sleep Med. 2016;18:36-49.

Fobian AD, Elliott L, Louie T. A Systematic Review of Sleep, Hypertension, and Cardiovas-
cular Risk in Children and Adolescents. Curr Hypertens Rep. 2018;20(5):42.

Navarro-Solera M, Carrasco-Luna J, Pin-Arboledas G, et al. Short Sleep Duration Is Related
to Emerging Cardiovascular Risk Factors in Obese Children. J Pediatr Gastroenterol Nutr.
2015;61(5):571-6.

Wake M, Morton-Allen E, Poulakis Z, et al. Prevalence, stability, and outcomes of cry-fuss
and sleep problems in the first 2 years of life: prospective community-based study. Pediatrics.
2006;117(3):836-42.

Barr RG, Kramer MS, Boisjoly C, et al. Parental diary of infant cry and fuss behaviour. Arch
Dis Child. 1988;63(4):380-7.

Cleary J, Daniells S, Okely AD, et al. Predictive validity of four bioelectrical impedance
equations in determining percent fat mass in overweight and obese children. ] Am Diet
Assoc. 2008;108(1):136-9.

Butlin M, Qasem A. Large Artery Stiffness Assessment Using SphygmoCor Technology.
Pulse (Basel). 2017;4(4):180-92.

Hubbard LD, Brothers R], King WN, et al. Methods for evaluation of retinal microvascular
abnormalities associated with hypertension/sclerosis in the Atherosclerosis Risk in Com-
munities Study. Ophthalmology. 1999;106(12):2269-80.

Knudtson MD, Lee KE, Hubbard LD, et al. Revised formulas for summarizing retinal vessel
diameters. Curr Eye Res. 2003;27(3):143-9.

Hanvey AN CS, Mensah FK, Wake M Which body composition measures are associated
with cardiovascular function and structure in adolescence? Obesity Medicine. 2016;3:20-7.

Adhikari P. Socio-Economic Indexes for Areas: Introduction, Use and Future Directions.
Australian Bureau of Statistics: Canberra,2006, pp. 1-37.

Muthen L. Mplus User’s Guide, 5th ed. Muthen & Muthen: Los Angeles, CA, 2007.

Paruthi S, Brooks L], DAmbrosio C, et al. Recommended Amount of Sleep for Pediatric
Populations: A Consensus Statement of the American Academy of Sleep Medicine. J Clin
Sleep Med. 2016;12(6):785-6.

Adair R, Bauchner H, Philipp B, et al. Night waking during infancy: role of parental pres-
ence at bedtime. Pediatrics. 1991;87(4):500-4.

Paul IM, Savage JS, Anzman-Frasca S, et al. INSIGHT Responsive Parenting Intervention
and Infant Sleep. Pediatrics. 2016;138(1).

Byars KC, Yolton K, Rausch J, et al. Prevalence, patterns, and persistence of sleep problems
in the first 3 years of life. Pediatrics. 2012;129(2):e276-84.

Wu Y, Zhai L, Zhang D. Sleep duration and obesity among adults: a meta-analysis of pro-
spective studies. Sleep Med. 2014;15(12):1456-62.

Wake M, Price A, Clifford S, et al. Does an intervention that improves infant sleep also

improve overweight at age 62 Follow-up of a randomised trial. Arch Dis Child. 2011;96(6):
526-32.

Erasmus University Rotterdam 24«/«.&9

15



16 Erasmus Medical Center Rotterdam

36.

37.

38.

39.

40.

41.

42.

43.

44.

Yoong SL, Chai LK, Williams CM, et al. Systematic review and meta-analysis of interven-
tions targeting sleep and their impact on child body mass index, diet, and physical activity.
Obesity (Silver Spring). 2016;24(5):1140-7.

Taylor RW, Gray AR, Heath AM, et al. Sleep, nutrition, and physical activity interventions
to prevent obesity in infancy: follow-up of the Prevention of Overweight in Infancy (POI)
randomized controlled trial at ages 3.5 and 5 y. Am J Clin Nutr. 2018;108(2):228-36.

Paul IM, Savage ]S, Anzman-Frasca S, et al. Effect of a Responsive Parenting Educational
Intervention on Childhood Weight Outcomes at 3 Years of Age: The INSIGHT Randomized
Clinical Trial. JAMA. 2018;320(5):461-8.

Baird J, Hill CM, Harvey NC, et al. Duration of sleep at 3 years of age is associated with
fat and fat-free mass at 4 years of age: the Southampton Women’s Survey. J Sleep Res. 2016;
25(4):412-8.

Carter PJ, Taylor BJ, Williams SM, et al. Longitudinal analysis of sleep in relation to BMI and
body fat in children: the FLAME study. BMJ. 2011;342:d2712.

Diethelm K, Bolzenius K, Cheng G, et al. Longitudinal associations between reported sleep
duration in early childhood and the development of body mass index, fat mass index and fat
free mass index until age 7. Int J Pediatr Obes. 2011;6(2-2):e114-23.

Cappuccio FP, Cooper D, D’Elia L, et al. Sleep duration predicts cardiovascular outcomes:
a systematic review and meta-analysis of prospective studies. Eur Heart J. 2011;32(12):
1484-92.

Guo X, Zheng L, Li Y, et al. Association between sleep duration and hypertension among
Chinese children and adolescents. Clin Cardiol. 2011;34(12):774-81.

Plumptre L, Anderson LN, Chen Y, et al. Longitudinal Analysis of sleep duration and car-
diometabolic risk in young children. Child Obes. 2017;13(4):291-9.

Erasmus University Rotterdam Za‘{vu.g



Infant sleep duration and cardiovascular health in adolescence = 17

SUPPLEMENT
N=493
Children recruited for the PEAS
Study
N=24
Withdrawn participation
N=469
Children completed the PEAS
program
(n= 382 with at least one sleep
duration assessment) N=67 not able to recruit for the
PEAS Kids Growth Study
N=42 Excluded
N=402 N=25 Lost
Children recruited for the PEAS
Kids Growth Study
N=66 without information on BMI
at age 4, 6 or 14 years
N=336

Children with at least one sleep and
one BMI assessment at 4, 6 or 14

N=141 without information on
cardiovascular outcomes at 14 years

N= 195

Children with at least 1
cardiovascular outcomes
measurement at 14 years

Supplementary Figure 6.1. Flowchart of the study sample
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Supplementary Table 6.1. Model fit criteria used to identify optimal number of classes

Number of  AIC BIC Adjusted BIC  Entropy VLMR Size of
latent classes likelihood ratio smallest
test class, %

Body mass index trajectories

2 5186.2 5268.2 5189.0 0.92 0.19 45.4
3 4702.0 4813.1 4705.4 0.96 0.23 9.3
4 4447.7 4588.2 4452.0 0.95 0.15 8.8
5 4260.4 4430.4 4265.6 0.96 0.35 1.0

Fat mass index trajectories

2 4773.4 4855.0 4775.8 0.94 0.12 26.9
3 4299.1 4410.1 4302.4 0.97 0.15 8.8
4 4150.2 4290.5 4154.3 0.93 0.47 4.7
5 4031.3 4201.0 4036.2 0.94 0.35 1.0

Lean mass index trajectories

2 3369.6 3451.2 3372.0 0.91 0.04 42.5
3 3033.4 3144.3 3036.6 0.91 0.26 22.8
4 2807.6 2947.9 2811.7 0.95 0.03 4.1
5 2709.7 2879.3 2714.6 0.92 0.20 4.1

AIC: Akaike’s Information Criteria; BIC: Bayesian Information Criteria; VLMR: Vuong-Lo-Mendell-
Rubin.

The model fit statistics (AIC, BIC, Adjusted BIC) decreased with the addition of extra classes (i.e. going
from a 2-class model to a 3-class model steeply decreased the values for AIC, BIC, Adjusted BIC). All 3-,
4-, and 5-trajectory class models had an acceptable level of entropy (>0.90). The VLMR likelihood ratio
test was statistically significant for the 4-class LMI model (p=0.03). All other models were not statistically
significant.

We aimed for our smallest latent class to include approximately 10% of the sample to ensure maximize
the power of subsequent analyses. The 4- and 5-class solutions for all models led to the identification of
small latent classes; however, the 2-class solution (high, low) offered little novel interpretability. There-
fore, we present a 3-class model solution for all latent class analyses. This weighs the need for sufficient
class size to perform regression analyses, whilst optimizing model fit statistics, increasing entropy, and
minimizing the VLMR LRT.
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