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ABSTRACT 

Limited population-based data from children are available to investigate the associations between insomnia and sleep 
duration in relationship to impaired cardiac autonomic modulation (CAM). Therefore, the objective of this study is to 
examine the cross-sectional associations between insomnia symptoms, sleep duration, and CAM in a population-based 
sample of children. All 616 children were randomly selected from Central Pennsylvania to participate in a one-night 
polysomnography (PSG) study in a sleep laboratory. The Pediatric Behavior Scale was used to assess parent-reported 
insomnia. Sleep duration was assessed objectively by PSG. CAM was measured by heart rate variability (HRV) analysis 
of 9-hour-beat-to-beat RR intervals. Multivariate linear regression models were used to assess the association between 
insomnia, sleep duration and HRV. The mean (SD) age was 9.2 (1.7) years, with 25.5% non-white and 48.9% male. 
After adjusting for age, race, gender, BMI percentile, % REM sleep, apnea-hypopnea-index, sleep latency, and sleep 
efficiency, the means(SE) of HRV indices were lower in children with insomnia than in children without: 6.56 (0.07) vs. 
6.78 (0.04) m2 on logHF, respectively; and 6.47 (0.06) vs. 6.61 (0.03) m2 on logLF, respectively (all P < 0.05). There is 
a trend towards a significant lower time domain HRV indices, faster HR, and higher LF/HF ratio in children with in-
somnia symptoms. There is a similar pattern of association between shorter objective sleep duration and HRV. Insom-
nia symptoms and shorter objective sleep duration are associated with lower HRV and higher HR and LF/HF ratio, 
indicative of disturbance of CAM towards more sympathetic and lower parasympathetic modulation. These data pro-
vide supporting evidence of physiological activation associated with insomnia and short sleep duration even in very 
young children. 
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1. Introduction 

Insomnia, short sleep duration, and other sleep problems 
are affecting approximately 10% - 30% of the elementary 
school children and adolescents in the United States [1,2]. 
Insomnia is the most common sleep disorder in both 
adults and children [3,4]. In children and adults lack of 
sleep quantity and quality have been related to anxiety, 
[5] depression, [6] attention problems, conduct problems, 
and aggression [7]. In addition, insufficient sleep dura-  

tion and insomnia symptoms are associated with increased 
cardiovascular disease (CVD) mortality and morbidity in 
adult populations [8]. Impaired cardiac autonomic modu- 
lation (CAM), measured by heart rate variability (HRV) 
indices, is associated with insomnia [9,10]. However, 
limited population-based data from children are available 
to investigate the associations between insomnia and 
sleep duration in relationship to impaired CAM [11]. 
Therefore, we carried out this study to investigate whe- 
ther insomnia symptoms and short sleep duration are 
associated with imbalance of CAM in a population-based  
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sample of children. 

2. Materials and Methods 

2.1. Study Population 

We used the data from the Penn State Children Cohort 
(PSCC) for this study. PSCC is a population-based study 
of the prevalence and correlates of sleep-disordered 
breathing (SDB) in children. Recruitment methods for this 
study have been published elsewhere [11-13]. The study 
protocol was approved by Penn State University College 
of Medicine Institutional Review Board. In brief, the 
study sample was selected through a two-phase sampling 
process, with Phase I consisting of the collection of par-
ent-reported child’s sleep and behavioral patterns. Phase 
II of the study consisted of the collection of more de-
tailed data from a one night sleep study in our General 
Clinical Research Center (GCRC). In Phase I, a self- 
administered questionnaire was sent home to be com-
pleted by the parents of all elementary school (grade K-5) 
children in three school districts in Dauphin county, cen-
tral Pennsylvania. Seven thousand three hundred twelve 
questionnaires were sent and 5,740 were returned, with a 
response rate of 79%. In Phase II of sampling, each year 
we randomly selected 200 children from those who re-
turned the questionnaires in Phase I to participate in our 
GCRC sleep study. The Phase II examination was per-
formed between 2002 and 2006. We stratified this sam-
pling based on the severity of risk for SDB as reported by 
parents in the Phase I questionnaire, and by grade and 
gender. One thousand children were selected to partici-
pate in the Phase II sleep laboratory evaluation, and 700 
children agreed to participate, with a response rate of 
70% [13]. During Phase II, parents completed a set of 
standardized questionnaires and each child underwent a 
standardized physical examination, including measure-
ment of height, weight, waist and neck circumferences, 
and blood pressure; a visual evaluation of the nose and 
throat by an ear, nose, and throat (ENT) specialist; and 
an evaluation of the respiratory function by a pediatric 
pulmonologist. After the physical examination, each 
child received a 9-hour fixed protocol nighttime poly-
somnogram (PSG). 

2.2. Sleep Duration 

Sleep duration was objectively assessed from one-night 
PSG. Briefly, each child received a 9-hour fixed protocol 
nighttime PSG. During the PSG sleep evaluation, each 
child, in the presence of a parent, spent a night in a sound- 
attenuated, temperature-and-light-controlled room located 
in our GCRC. The child’s sleep was continuously moni-
tored for nine hours, including electroencephalogram 
(EEG), electrooculogram (EOG), electromyogram (EMG), 

respiration (nasal pressure and thermocouple, thoracic 
and abdominal strain gauges), hemoglobin oxygen satu-
ration, and objective snoring [13]. 

2.3. Other Sleep Related Variables 

From the one night polysomnography, apnea was defined 
as a cessation of airflow with a minimum duration of five 
seconds and an out of phase strain gauge movement. A 
hypopnea was defined as a reduction of airflow of ap-
proximately 50% with an associated decrease in SaO2 of 
at least 3% or an associated arousal. We then combined 
the total number of apnea and hypopnea episodes and 
divided it by the total duration of sleep to form the Apnea 
Hypopnea Index (AHI, [(apneas+hypopneas)/hours of 
sleep [14,15]. For the purpose of this study we excluded 
children with moderate SDB defined as AHI ≥ 5. Percent 
of sleep in Repaid Eye Movement (REM) stage is de-
fined as the percentage of total sleep time that is in the 
REM stage sleep. Sleep latency was defined as the time 
(minutes) it takes from the lights out to fall into sleep. 
Sleep efficiency is the percentage of time that the child is 
in sleep stages. 

2.4. Classification of Insomnia Status 

Parent-reported insomnia symptoms was defined by us-
ing the Pediatric Behavior Scale [16], which included 
two items relevant to insomnia symptoms during the past 
two months.  

2.5. Cardiac Autonomic Modulation (CAM) 
Measures 

During the one night PSG, one PSG channel was used to 
record ECG voltage at a 100 Hz sampling rate. After 
converting the 1 channel ECG voltage data into a beat-to- 
beat ECG waveform file, the peak of each QRS complex 
as the R wave point was identified. The beat-to-beat RR 
intervals from the entire ECG recording were calculated 
after applying an artifacts identification and removal al-
gorithm if a RR interval was less than 375 ms, longer 
than 1200 ms, or if the RR interval ratio from two adja-
cent RR intervals was less than 0.8 or greater than 1.2. 
The HRV Analysis Softwar [17] was used to apply HRV 
analysis to the above described “artifact free” RR inter-
val files if the total length of the “artifact free” RR inter-
val file was more than 6.5 hours (corresponding to ap-
proximately 75% of the total recording time) [11]. The 
detailed HRV analysis procedure has been published 
elsewhere [11,12,16-18]. For frequency domain HRV 
analysis, we used Fast Fourier Transformation (FFT) 
method to analyze the “artifact free” RR interval data. 
The adjacent RR interval were first interpolated using a 
piecewise cubic spline interpolation approach, with a 2 
Hz sampling rate. The FFT was performed on the equi-
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distantly interpolated RR time series. We used 2nd order 
polynomial model to remove theslow nonstationary 
trends of the RR signals. As the results of FFT, we cal-
culated the following frequency domain HRV indices: 
high frequency power (HF, 0.15 - 0.40 Hz), which repre- 
sents parasympathetic modulation; low frequency power 
(LF, 0.04 - 0.15 Hz), which represents a mixture of sym-
pathetic and parasympathetic modulation; and LF/HF 
ratio, which represents the balance of sympathetic and 
parasympathetic modulation. Also, we calculated the 
following time domain HRV indices: SDNN, the stan-
dard deviation of all RR intervals (ms); RMSSD, the 
square root of the mean of the sum of the squares of dif-
ferences between adjacent RR intervals (ms); and HR, 
mean heart rate (beat per minute, BPM). These time do-
main HRV variables were used to measure the total 
variability of RR intervals with a lower value indicating 
imbalance between parasympathetic and sympathetic 
effects. 

2.6. Other Covariables 

At Phase II, demographic and physical variables were 
collected from participants conforming to the standard-
ized clinical examination. The following covariables 
were included in this study: age, gender, race, and body 
mass index percentile (BMI). 

2.7. Statistical Analysis 

Mean (standard deviation, SD) and proportions of the 
demographic characteristics were calculated for the en-
tire population, as well as stratified according to the in-
somnia symptoms. Analysis of covariance (ANCOVA) 
of three different models (Model 1, univariate; Model 2, 
adjusted for age, race, gender, BMI percentile; Model 3, 
same as Model 2 plus %REM, AHI, sleep latency, and 
sleep efficiency) were used to calculate adjusted means 
and standard errors of HRV variables according insomnia 
status. We used multivariate linear regression models to 
assess the relationship between objective sleep duration 
(continuous) and HRV indices, with similar covariable 
adjustment as specified above. Following the convention 
of HRV analysis [19], LF and HF were log-transformed 
for the statistical analyses. We accounted for the sam-
pling weights in all statistical models to make inference 
back to the general population from which this study 
sample was obtained. SAS 9.1 software (SAS Institute, 
Inc., Cary, NC) was used for all statistical analyses. 

3. Results 

3.1. Demographic Characteristics 

From the 700 children in Phase II of the PSCC study, we 
excluded 84 individuals who did not have sufficient ECG 

data for HRV analysis (persons with less than 6.5 hours 
of normal RR interval data), and 7 individuals that had 
moderate SDB (AHI ≥ 5). Thus, the final sample size 
utilized for the insomnia and objective sleep duration 
analysis was 609 children (87% of the original 700 chil-
dren). When analyzing the subjective parent-reported 
sleep duration, only 456 children with parent-reported 
sleep duration were included (75% of the 609 children). 
The main characteristics of the study population, overall 
and stratified by insomnia symptoms status, are shown in 
Table 1. Out of the 609 children in the entire cohort, 149 
had insomnia symptoms, with a sampling weight ad-
justed prevalence of 19%. The prevalence of insomnia 
for white boys, white girls, non-white (Black, Hispanic, 
and Asian) boys, and non-white girls, was 19%, 21%, 
14%, and 21%, respectively. The mean (SD) age of the 
entire cohort was 111 (21) months (or 9.2 (1.7) years), 
with 49% male and 75% white. In addition, the mean 
(SD) BMI percentile was 61 (29). When stratified by 
insomnia complaint status, individuals with insomnia 
symptoms have a worse sleep profile than individuals 
without such complaint: the difference in parent-reported 
sleep duration reached statistical significance (P = 0.05), 
and %REM sleep and sleep latency were marginally sig-
nificant (P < 0.10), while objective sleep duration, AHI, 
and sleep efficiency were not statistically significant.  In 
these univariate comparisons, all HRV and HR variables 
showed a less healthy CAM profile in children with in-
somnia symptoms than those without. 

3.2. Multivariate Adjusted HRV Indices by  
Insomnia Symptoms Status 

Three multivariate adjusted models associating insomnia 
complaint with HRV variables were analyzed, with each 
progressively adjusted for more potential confounders. 
These results, presented in Table 2, indicate a relation-
ship between insomnia and CAM, in the direction of in-
somnia being significantly (P < 0.05) associated with 
lower levels of Log HF and Log LF in all three models, 
and other CAM variables showed a consistent pattern 
with a trend toward statistically significant (P values 
ranged from 0.07 to 0.17). 

3.3. Multivariate Adjusted Association between 
Sleep Duration and HRV 

The multivariate adjusted regression coefficients of HRV 
indices from the above mentioned three sets of models in 
relationship to one-hour shorter objective sleep duration 
These results, presented in Table 2, indicate a relation-
ship between insomnia and CAM, in the direction of in-
somnia being significantly (P < 0.05) associated with 
lower levels of Log HF and Log LF in all three models, 
nd other CAM variables showed a consistent pattern  a 
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Table 1. The study population demographic characteristics and summaries of HRV indices. Abbreviations: HRV, heart rate 
variability; BP, blood pressure; BMI, body mass index; REM, rapid eye movement; AHI, apnea hypopnea index; Log, loga-
rithm; HF, high frequency power; LF, low frequency power; SDNN, standard deviation of all RR intervals; RMSSD, square 
root of the mean of the sum of the squares of differences between adjacent RR intervals; BPM, beats per minute. Data are 
expressed as mean (SD) for continuous variables and percentage for categorical variables. 

  Insomnia Symptoms  

Demographics 
All  

(N = 609) 
No  

(N = 460) 
Yes  

(N = 149) 
P-values 

Age (Months) 110.8 (20.6) 110.9 (21.0) 110.4 (19.4) 0.81 

Gender (% Male) 48.9 49.9 45.1 0.35 

Race (% of White) 74.5 74.0 76.3 0.62 
Systolic BP (mmHg) 110.5 (11.7) 110.4 (12.0) 110.6 (10.8) 0.89 
Diastolic BP (mmHg) 65.4 (8.1) 65.5 (8.4) 64.7 (7.1) 0.29 

BMI Percentile 60.8 (29.2) 61.1 (29.7) 59.6 (27.9) 0.63 
% REM 20.0 (5.7) 19.8 (5.9) 20.7 (4.9) 0.09 

Sleep Duration-Reported (hr) 6.1 (0.4) 6.1 (0.41) 6.0 (0.5) 0.05 
Sleep Duration-Objective(hr) 6.9 (0.7) 6.9 (0.7) 6.9 (0.6) 0.70 

AHI (episode/hr) 0.7 (0.8) 0.7 (0.9) 0.7 (0.8) 0.60 
Sleep efficiency (%) 86.0 (8.4) 86.0 (8.9) 86.0 (6.9) 0.70 
Sleep latency (min) 29.0 (24.4) 28.0 (25.1) 32.1 (21.9) 0.08 

Log HF (ms2) 6.7 (0.8) 6.7 (0.8) 6.5 (0.8) 0.01 
Log LF (ms2) 6.6 (0.7) 6.6 (0.7) 6.5 (0.6) 0.04 
LF/HF Ratio 1.0 (0.5) 1.0 (0.5) 1.1(0.53) 0.07 
SDNN (ms) 94.2 (27.4) 95.2 (28.2) 90.2 (24.8) 0.07 

RMSSD (ms) 73.4 (34.0) 74.4 (34.9) 69.2 (30.8) 0.13 
Heart Rate (BPM) 77.0 (8.2) 76.8 (8.3) 77.9 (8.2) 0.17 

Table 2. Adjusted mean (standard error, SE) levels of HRV indices according to Insomnia status.  Abbreviations: HRV, 
heart rate variability; PSG, polysomnography; HF, high frequency power; LF, low frequency power; Log, logarithm; 
RMSSD, square root of the mean of the sum of the squares of differences between adjacent RR intervals; SDNN, standard 
deviation of all RR intervals; HR, heart rate. Model 1, sampling weight; Model 2; adjusting for Age, race, gender, BMI per-
centile, and sampling weight; Model 3, same as Model 2 plus %REM, AHI, sleep latency, and sleep efficiency. 

  HRV indices      

Insomnia Status Models RMSSD SDNN HR Log HF Log LF LF/HF 

No 1 74.42 (1.54) 95.23 (1.24) 76.80 (0.37) 6.75 (0.04) 6.60 (0.03) 0.96 (0.02) 
Yes  69.21 (3.12) 90.16 (2.52) 77.94 (0.76) 6.54 (0.08) 6.46 (0.06) 1.05 (0.05) 

 P = 0.13 P = 0.07 P = 0.17 P = 0.01 P = 0.04 P = 0.07 
No 2 75.02 (1.48) 95.55 (1.19) 76.89 (0.35) 6.76 (0.04) 6.61 (0.03) 0.95 (0.02) 

Yes  70.01 (3.01) 90.63 (2.42) 77.91 (0.71) 6.56 (0.07) 6.47 (0.06) 1.05 (0.05) 

 P = 0.13 P = 0.07 P = 0.20 P = 0.01 P = 0.03 P = 0.07 
No 3 75.29 (1.49) 95.61 (1.19) 76.76 (0.34) 6.78 (0.04) 6.61 (0.03) 0.95 (0.02) 
Yes  69.87 (3.02) 90.67 (2.42) 78.05 (0.70) 6.56 (0.07) 6.47 (0.06) 1.04 (0.05) 

 P = 0.11 P = 0.07 P = 0.10 P = 0.01 P = 0.03 P = 0.08 

 
with a trend toward statistically significant (P values 
ranged from 0.07 to 0.17). 

3.4. Multivariate Adjusted Association between 
Sleep Duration and HRV 

The multivariate adjusted regression coefficients of HRV  
indices from the above mentioned three sets of models in 
relationship to one-hour shorter objective sleep duration 
are presented in Table 3. Shorter sleep duration was as-
sociated with lower HRV indices, and higher HR and LF/ 
HF ratio, with HR and LF/HF reaching statistical sig-

nificance at P < 0.01. We tested the interaction between 
insomnia symptoms and sleep duration in relationship to 
HRV indices, and the interaction terms were not statisti-
cally significant. 

4. Discussion 

The health and physiological impact of chronic insomnia 
has been understudied, although recently we have re-
ported significant associations between insomnia and 
short sleep duration and type 2 diabetes [20], hyperten-
ion [13,21,22], and all-cause mortality in a population-  s    
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Table 3. Regression coefficient (SE) of HRV indices associated with sleep duration. Abbreviations: HRV, heart rate variabil-
ity; PSG, polysomnography; HF, high frequency power; LF, low frequency power; Log, logarithm; RMSSD, square root of 
the mean of the sum of the squares of differences between adjacent RR intervals; SDNN, standard deviation of all RR inter-
vals; HR, heart rate.  Model was adjusted for age, race, gender, body mass index percentile, sleep disorder breathing, snore 
status, percentage of rapid eye movement, and sampling weight. Model 1, sampling weight; Model 2; adjusting for Age, race, 
gender, BMI percentile, and sampling weight; Model 3, same as Model 2 plus %REM, AHI, sleep latency and insomnia 
symptoms. 

  HRV indices      

 Models RMSSD SDNN HR Log HF Log LF LF/HF 

Sleep Duration (1-hr) 1 
–3.51 (2.03) 

P = 0.08 
1.76 (1.64) 
P = 0.28 

1.26 (0.49) 
P = 0.01 

–0.08 (0.05) 
P = 0.11 

0.01 (0.04) 
P = 0.77 

0.09 (0.03) 
P = 0.005 

 2 
–2.18 (2.00) 

P = 0.27 
2.12 (1.60) 
P = 0.19 

1.71 (0.46) 

P = 0.0002 
–0.05 (0.05) 

P = 0.33 
0.02 (0.04) 

P = 0.54 
0.07 (0.03) 

P = 0.03 

 3 
–2.56 (2.66) 

P = 0.34 
3.47 (2.13) 
P = 0.10 

1.95 (0.62) 
P = 0.0016 

–0.08 (0.06) 
P = 0.21 

0.04 (0.05) 
P = 0.38 

0.12 (0.04) 
P = 0.003 

 
based sample of adults. On the subclinical impact of in- 
somnia, Bonnet et al. reported that adults (aged 18 - 50 
years) with insomnia had an increased heart rate, a sig-
nificantly increased LF, and a decreased HF when com-
pared to normal subjects [9]. On the other hand, Fang et 
al. demonstrated that adults with insomnia have lower 
HF, but neither the LF nor the LF/HF were significantly 
different from the normal group [10]. Walter et al. 
showed that children (aged 7 - 12 years) with periodic 
leg movements in sleep (PLMS) have a significantly in-
creased LF/HF ratio when compared to those without 
PLMS [23]. We recently reported the associations be-
tween SDB and HRV, as well as SDB and elevated blood 
pressure association, in children [11,13,18,21,22]. All of 
these studies indicated that sleep related chronic condi-
tions, such as insomnia and SDB, have an adverse impact 
on human physiological and health profiles. 

Lack of sleep in children has been related to sleep-re-
lated difficulties in performing routine daily activities [5- 
7,24,25]. Fredricksen et al. found that during a period of 
three years of middle school (23 participating schools), 
children (n = 2259) showed a decline in sleep pattern 
causing a decrease in self-esteem, and a rise in depres-
sive symptoms [6]. Also, Nixon et al. found in a longitu-
dinal study of seven-year-old children (n = 519) short 
sleep duration is an independent risk factor for obesity/ 
overweight [24]. 

A study by El-Sheikh et al. on children (aged 8 - 9 
years) showed that those with vagal tone were at in-
creased risk of social problems, depression symptoms, 
and higher BMI associated with increased sleep disrup-
tion [25]. In addition, the lack of sleep in children has 
been related to development of physician-diagnosed 
sleep disorders (e.g. insomnia, sleep apnea, and restless 
legs syndrome (RLS)) [3]. Despite these findings pre-
sented above, to our knowledge there is no evidence of 
any epidemiological studies in the literature investigating 

the association between insomnia symptoms and sleep 
duration in relationship to all HRV measures in a large 
population of children. 

In this study of the cross-sectional association between 
insomnia symptoms, objective sleep duration and CAM 
in a population-based sample of children, we highlight 
two major findings. First, parent-reported insomnia sym- 
ptoms in children are consistently associated with lower 
HRV measures and higher HR and LF/HF ratio, all in-
dicative of a CAM disturbance towards sympathetic over 
activation and reduced parasympathetic modulation.  
Second, shorter objective sleep duration is consistently 
associated with lower HRV and higher HR and LF/HF 
ratio, with LF/HF ratio and HR reaching statistical sig-
nificance, also indicative of a CAM disturbance in the 
same direction as the insomnia symptoms. Considering 
the literature summarized previously, our two major 
findings suggest that insomnia symptoms and short ob-
jective sleep duration in children have already had an 
adverse impact on the CAM of the heart. Thus, it implies 
that improving sleep quality and duration may result in a 
healthier CAM. 

The high prevalence (19%) of parent-reported insom-
nia symptoms found in this population-based sample of 
children may be attributable to the fact that the insomnia 
symptoms were identified by parent-reported insomnia 
symptoms (“Has trouble falling asleep” or “Wakes up 
often in the night”), which often can lead to over report-
ing. The parent rated their child into one of the following 
four mutually exclusive categories—almost never or not 
at all; sometimes or just a little; often or pretty much; 
very often or very much. If any one of these two insom-
nia symptom items was rated as “often or pretty much” 
or “very often or very much”, the child was classified as 
having insomnia symptoms. Therefore, the “cases” of 
insomnia symptoms may be different from clinically di-
agnosed chronic insomnia. These criteria were used be-
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cause currently there is no well accepted diagnostic crite-
rion for insomnia in children. However, our data on the 
differences in sleep profile variables between children 
with and without insomnia symptoms (presented in Table 
1) are suggestive of the internal validity of using par-
ent-reported insomnia complaint. It can be argued that 
the small magnitude of differences between insomnia and 
non-insomnia groups in sleep profile variables as well as 
in HRV indices may also indicate a very early stage and 
a short duration of insomnia symptoms. One can also 
argue that there is no evidence in the literature to suggest 
that the misclassification of insomnia symptoms would 
be dependent on the objectively measured sleep profiles 
or the HRV variables. Thus, it is possible that the asso-
ciations between insomnia symptoms and sleep profile 
variables and HRV variables in this study may have been 
underestimated, and the true magnitude of the association 
may be even higher. 

There are a few other limitations of this study. First, 
some degree of random misclassification of the R wave 
is possible when collecting beat-to-beat ECG data at a 
sampling rate of 100 Hz from one-ECG channel. How-
ever, based on previous experience in the Atherosclerosis 
Risk in Communities study [26,27], which also used 100 
Hz sampling frequency, and the current recommenda-
tions [28], we appropriately applied interpolations and 
equal distance samplings, and analyzed long-term re-
cordings (entire night ECG), an initial sampling fre-
quency of 100 Hz is considered sufficient, which is sup-
ported by others [29]. Second, because we collected the 
ECG data from one channel only, if an artifact occurred, 
there was no adjudication that we could have done using 
other ECG channels. To resolve this problem, we utilized 
a set of statistical criteria for the identification and re-
moval of those RR intervals (RR interval <375 ms, 
>1200 ms, or RR interval ratio from two adjacent RR 
intervals <0.8 or >1.2), which in some cases shortened 
total available data for the HRV analysis. Third, the ECG 
data was collected at nighttime during sleep. In humans, 
the parasympathetic and sympathetic modulation balance 
changes according to sleep stage [30]. Thus, the eve-
ning/nighttime HRV collected during sleep may not be 
representative of daytime HRV. However, the associa-
tions between insomnia symptoms and HRV variables 
were not meaningfully changed when we control for 
sleep profile variables including percent of REM sleep, 
sleep latency, and sleep efficiency. Thus, we do not be-
lieve the associations we observed in these data are at-
tributable to the differences in sleep stage and other sleep 
quality profile variables. Fourth, we had to rely on one- 
night PSG recording to assess objective sleep duration 
and other sleep profile variables. As a result, these meas-
ures may not be representative of “habitual” profiles, due 

to the “first night” effect. On the other hand, there are 
also several strengths of this study that should be recog-
nized: 1) It is the largest population-based sample of 
children to investigate the association between insomnia 
and sleep duration with CAM; 2) We successfully ac-
quired HRV analysis on 87% of the original PSCC sam-
ple (609 out of 700) for the insomnia and objective sleep 
duration analysis; and 3) Long duration of continuous 
ECG recording (at least 6.5 hours of normal RR interval 
data). 

In conclusion, in young children, insomnia symptoms 
and shorter objective sleep duration are associated with 
lower HRV, higher HR, and higher LF/HF ratio, indica-
tive of a CAM disturbance in the direction of sympa-
thetic activation and lower parasympathetic modulation. 
Further longitudinal studies in children are needed to 
determine the impact of sleep and sleep related problems 
on cardiovascular health and the long-term risk of CVD. 
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