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Abstract  

Purpose 

Sleep disordered breathing (SDB) has adverse effects on cardiovascular health in adults, 

partly due to changes in autonomic activity. However there have been limited studies in 

children. We analysed the impact of SDB and sleep stage on autonomic control of heart rate 

in 7-12 y old children, utilizing spectral heart rate variability (HRV) as a measure of 

autonomic activity.  

Methods 

80 children underwent overnight polysomnography. Subjects were grouped according to their 

obstructive apnoea-hypopnoea index (OAHI): controls, OAHI≤1 event/h and no history of 

snoring; primary snorers (PS) OAHI≤1, mild (OAHI 1-5) and moderate/severe (MS) OAHI 

>5. HRV was analyzed during Wake, non rapid eye movement (NREM) 1 & 2, slow wave 

sleep (SWS) and REM.  

Results 

Compared with controls, Total Power, Low (LF) and High Frequency (HF) power were 

reduced in all SDB severities during REM. LF/HF ratio was less in MS SDB (median=0.34; 

range, 0.20-0.49; p<0.05) versus controls (0.38; 0.26-0.55; p<0.05) and PS (0.39; 0.23-

0.57;p<0.05) during SWS. In all groups, Total Power, LF and HF power were highest during 

NREM1&2 while LF/HF ratio was lowest during SWS. Blood pressure was elevated in SDB 

in all sleep states.   

Conclusions 

HRV was altered in 7-12 y old children with SDB, which may signify an overall depression 

of autonomic tone, perhaps a consequence of their elevated blood pressure during sleep 

coupled with repeated exposure to SDB event-related cardiovascular disturbance. Further 
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research is warranted to elucidate the long-term effects on the cardiovascular system of 

subjects exhibiting impaired HRV and elevated BP in childhood. 



4 

 

Introduction 

Snoring occurs in up to 35% of children [1] and is the hallmark symptom of sleep disordered 

breathing (SDB). SDB ranges in severity from primary snoring through to obstructive sleep 

apnoea. In children, SDB has detrimental effects on cardiovascular health, evidenced by the 

development of high blood pressure (BP), increased blood pressure variability (BPV), 

decreased nocturnal blood pressure (BP) dipping, increased C-reactive protein indicative of a 

a pro-inflammatory state, a higher left ventricular (LV) mass and early LV diastolic 

dysfunction [2-6]. Studies in adults suggest that these adverse effects on the cardiovascular 

system are due to changes in autonomic activity, as indicated by changes in BPV and heart 

rate variability (HRV) [7-9]. In adults an association between hypoxemia and elevated 

sympathetic nervous tone has been demonstrated, which is believed to be linked to the 

pathogenic effects of SDB on cardiovascular health [10-13]. However, there have been 

limited studies investigating autonomic activity in children with SDB and these have reported 

conflicting findings.  

Power spectral analysis of HRV is a well recognized method of assessing overall changes in 

cardiovascular nervous control. The output of HRV spectral analysis is typically divided into 

low frequency (LF) considered to be mediated by both the parasympathetic and sympathetic 

nervous systems and high frequency (HF) spectra represents only parasympathetic activity 

[14-18].  

In both adults and children with SDB, typically at apnoea onset there is a progressive 

bradycardia followed by an abrupt tachycardia at event termination, which transiently 

increase variability in both heart rate (HR) and BP [19, 20]. Known determinants of HRV 

that have received scant attention in children suffering SDB are sleep stage and age, both of 

which significantly influence HRV in normal populations of children [21]. Using spectral 

analyses, we aimed to determine whether HRV was altered in children with SDB compared 
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to non-snoring controls and whether any observed changes in HRV were associated with 

SDB severity or with sleep stage. We hypothesized that, similar to adults, sympathovagal 

balance would be altered in children with SDB compared with normal non-snoring controls 

and that this would be most marked in REM sleep. 

 

Methods 

Ethics approval for this study was granted by the Southern Health (05052C) and Monash 

University (2005/459) Human Research Ethics Committees. Written informed consent was 

obtained from parents, and verbal assent from children prior to commencement of the study. 

No monetary incentive was provided for participation. 

Subjects 

Participants for this study were randomly selected retrospectively from 141 7-12 year old 

children participating in a larger study of the cardiovascular and neurocognitive effects of 

SDB, data from which has been published previously [5, 22-24]. We recruited 7-12 year old 

children referred for assessment of SDB between April 2004 and February 2008, along with 

an age-matched control group with no history or parental concerns of snoring from the 

community. All children underwent a complete medical examination prior to an overnight 

polysomnography (PSG) study and were well on the night of the study. Children with 

conditions known to affect sleep, breathing, or blood pressure, such as such as craniofacial 

syndromes, genetic syndromes, mental retardation, cerebral palsy, previous otolaryngologic 

surgery, cardiac or renal disease, and children taking medications affecting airway patency, 

such as nasal steroids were excluded. Children with asthma who were not using long-acting 

beta agonists were included, but Salbutamol was not taken within 24 hours of the sleep study.  

For this analysis of HRV, we decided to only analyse a sub-sample of the entire cohort. This 

was because the largest individual severity group was overwhelmingly the primary snoring 

group who do not have many obstructive respiratory events, which may have skewed the 
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data. Additionally, HRV is a very time consuming procedure and most studies that report on 

HRV have cohorts much smaller than the 80 children analysed in our study. Therefore, we 

decided to analyse an even number of 20 children per group. The 20 children from each 

group were randomly chosen. 

Children were grouped according to their obstructive apnoea hypopnoea index (OAHI), 

defined as the total number of obstructive apnoeas, mixed apnoeas, and obstructive 

hypopnoeas per hour of total sleep time. Children were classified as having primary snoring 

(PS, OAHI  1 event/h); mild OSA (OAHI between >1-5 events/h); or moderate/severe OSA 

(MS, OAHI > 5 events/h). Control children had an OAHI  1 event/h and no evidence of 

snoring. 

 

Recording methods 

PSG was performed using a commercially available PSG system (Series S or E Sleep System, 

Compumedics, Melbourne, Australia) as previously published [18] Electroencephalograms 

(EEG; C4-A1, O2-A1), left and right electrooculograms (EOG), submental electromyogram 

(EMG), left and right anterior tibialis muscle EMG and electrocardiogram (ECG) were 

recorded. The ECG had a sampling rate of 512 Hz. Oxygen saturation (SaO2), thoracic and 

abdominal breathing movements, both end tidal and transcutaneous CO2, and airflow via 

nasal pressure and oronasal thermistor were also recorded. Following the study, data were 

transferred via European data format to data analysis software (LabChart 6, ADInstruments, 

Sydney, Australia) for analysis.  

 

Sleep Data Analysis 

Sleep and arousals were scored according to standard criteria in 30s epochs [25, 26]. 

Respiratory events were ≥ 2 respiratory cycles in duration. Obstructive apnoeas, mixed 
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apnoeas and hypopnoeas were scored using standard criteria (hypopnoea desaturation 

criterion ≥ 3 %) [27]. Sleep stages NREM 1 and 2 were combined (NREM1&2) as were 

NREM 3 and 4 (SWS). The total arousal index (Total AI) was defined as the total number of 

cortical and subcortical spontaneous, respiratory and periodic leg movement arousals per 

hour of TST. 

 

BP Analysis 

In addition to the standard paediatric PSG, continuous BP recordings were made using finger 

photoplethysmography (FinometerTM, Finapres Medical Systems, Arnhem, The 

Netherlands) [28]. The sensor is placed on the middle phalanx of the middle finger of the 

dominant hand. Beat to beat BP data were then grouped according to sleep stage (Wake, 

NREM1&2, SWS, REM) and a mean value for each subject calculated. 

 

Heart rate variability analysis 

Every 2 min epoch from the entire overnight study (including respiratory events) that was 

free of movement artifact (disruption to the ECG signal caused by gross body movement) on 

the ECG signal was selected. 2 min epochs were chosen to maximise the overall number of 

artifact-free epochs available for analysis while ensuring an adequate length of time to 

accommodate enough oscillations within the LF range to detect changes. Periods of 

wakefulness during the sleep period were excluded. Each 2 min epoch was separated from 

the previous epoch by at least 30s. The intervening 30s epochs were EEG artifact free and did 

not include a sleep stage change. The 2 min epochs were then grouped according to sleep 

stage (Wake, NREM1&2, SWS, REM) and a mean value for each subject calculated. 

 

Power spectral analysis of HRV 
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For each 2 min epoch, the power spectral density for the LF (0.04-0.15 Hz) and HF (0.15-0.4 

Hz) bands [29]. Total power represents the total power in the spectrum for the analysis region 

(  0.4 Hz). The LF/HF ratio was determined as a measure of sympathovagal balance. 

Normalized values of LF and HF were not used, as they are mathematically equivalent to the 

LF/HF ratio and do not add information beyond that measure. In order to address the issue of 

stationarity during respiratory events and arousals, the data were re-analyzed during stable 

sleep following the removal of all epochs containing respiratory events and arousals. 

Additionally, the first 6 minutes following a change in sleep stage was analyzed to determine 

if there was an initial change in HRV that could be attributed to the impetus of the change of 

stage rather than to the stage as a whole. 

 

Statistical Analysis 

Statistical analyses were performed using SPSS® (IBM® Statistics version 19). Data were 

first tested for normality and equal variance. Demographic data and polysomnographic 

characteristics were compared between diagnostic groups using Kruskal-Wallis 1-way 

ANOVA on Ranks with Mann Whitney U-test post hoc analyses. HRV data were log 

transformed and analysed using univariate analyses with Bonferroni corrections with HR 

included as a covariate, to determine sleep stage and diagnostic group differences. Stepwise 

multiple linear regressions were performed to determine significant predictors of HRV, with 

HRV parameters entered as the dependant variable and SDB severity, BP, age, gender and 

BMI z-score entered as the independent variables. Data are presented as either mean±SEM or 

median and inter quartile range. P <0.05 was considered significant. 

 

Results 
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Demographic and polysomnographic data are presented in Table 1. The groups did not differ 

in age. BMI z-score was significantly higher in the MS group compared to Controls. Both the 

Control and PS groups had significantly longer TST than the MS group. Children with PS 

spent more time in NREM1&2 and less time in SWS than did the Mild OSA group. 

Overnight BP and HR 

Mean arterial pressure (MAP) and HR for Wake and each sleep stage are presented in Table 

2. Significant between group differences are in comparison to the control group; during Wake 

and NREM 1&2 children with all severities of SDB, and during SWS and REM the Mild and 

MS groups had higher MAP. In all sleep stages, the MS group had significantly higher HR 

compared with the control group.  

Power spectral analysis of HRV 

Between diagnostic group comparisons. 

Data for LF, HF and Total power are presented in Table 3. There were no significant 

differences between diagnostic groups during Wake, NREM1&2 or SWS for LF, HF or Total 

power, or during REM for HF power. An overall significant difference was identified in LF 

and Total power between diagnostic groups during REM sleep, but where the differences lay 

could not be determined. There were no significant differences between diagnostic groups 

during Wake, NREM1&2 or REM for the LF/HF ratio. During SWS the LF/HF ratio was 

significantly lower in the MS OSA group compared with the control and PS groups. 

Between sleep stage comparisons. 

Data for between sleep stage comparisons for LF, HF, total power and the LF/HF ratio are 

presented in Figure 1 A-D respectively. LF power was significantly lower during SWS 

compared to Wake and the other sleep stages in all severities of SDB, except in the MS group 

where SWS was not different to REM (Fig. 1a). LF power was significantly higher during 
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NREM1&2 compared with REM in the PS and Mild OSA groups, and compared with Wake 

in the Mild OSA group.   

HF power (Fig. 1b) during NREM1&2 was significantly higher in all diagnostic groups 

compared with Wake, in the control, PS and Mild OSA groups compared with REM, and in 

the PS and Mild groups compared with SWS.  

Total power (Fig. 1c) was lower during SWS compared with NREM1&2 for all diagnostic 

groups. In the PS and Mild groups Total power was higher during NREM1&2 when 

compared with REM and in the Mild OSA group when compared with Wake. 

In all diagnostic groups, the LF/HF ratio (Fig. 1d) was significantly higher during Wake 

when compared to NREM1&2 and SWS, and compared to REM in the Mild OSA group. The 

LF/HF ratio was significantly lower during SWS compared the other sleep stages in all 

diagnostic groups. LF/HF was only lower during NREM1&2 compared with REM in the 

control group. 

Data for the HRV variables during stable sleep when all respiratory events and arousals were 

excluded are presented in Table 4. While absolute values of spectral power are lower 

compared to those where respiratory events and arousals were included, identical patterns of 

spectral power across all frequencies to that observed during total sleep were observed.  

Similarly, analysis of only the first 6 minutes following a change of sleep stage also had the 

same pattern of spectral power as the entire stage (data not shown). 

Determinants of HRV  

Significant predictors of HRV are presented in Table 5. Age, gender, BMI Z-score or BP did 

not make a significant contribution to HRV during sleep. Age was a significant, common 

predictor of LF and total power during Wake. BMI Z-score was a predictor of HF power 

during Wake and SDB severity was a predictor of LF power during SWS and REM. 

Discussion  
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The current study comprehensively investigates autonomic heart rate control as assessed by 

HRV, both across a broad range of SDB severities and across sleep stages. We have 

identified a significant reduction in HRV during sleep in 7-12 y old children with SDB 

compared to non-snoring control children, and confirmed that these differences remain after 

exclusion of SDB events from the analysis. Our findings suggest that SDB of any severity has 

significant effects on the cardiovascular system in these young children. We also found that 

sleep stage had a marked effect on HRV. During REM sleep, children with SDB had reduced 

autonomic activity overall, with lower total, HF and LF power compared with controls, 

whereas during SWS, the children with Mild and MS OSA had reduced sympathovagal 

balance. We suggest that the increased BP that occurs during sleep in children with SDB 

observed in other studies[3, 5] and confirmed in the current study, is associated with reduced 

autonomic tone, most prominently during REM sleep; notably, this reduction persists even 

when respiratory events and arousals are removed.  

We had hypothesized that children with SDB would have altered sympathovagal balance 

during REM sleep, whereas we observed a reduction of sympathovagal balance during SWS 

and reduced power across all frequencies during REM sleep. Our results are similar to other 

studies in adults [8] and previous studies which examined more limited severities of SDB in 

children [30-36]. These reported that cardiac autonomic activity was reduced in subjects with 

SDB, with the extent related to the severity of the SDB. However, compared to the current 

study, different methodologies were used to categorize control and SDB subjects, and to 

acquire, analyze and interpret data. Aljadeff et al, used Poincaré plots and demonstrated that 

children with OSA had enhanced beat-to-beat HRV in children at slow HRs and reduced 

HRV at high HRs. However, as there were only 7 OSA children and 7 children with PS as a 

control group in the study [30], the conclusions require verification. Power spectral analysis 

in a similarly small cohort of 10 children with OSA and 10 normal control children in 
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contrast to our study, showed increased sympathetic activity in the OSA group during REM 

sleep and parasympathetic predominance during SWS in the controls [31]. Similar to the 

current study, O’Brien et al, [32] and Chaicharn et al, [34] also demonstrated autonomic 

dysfunction in children with SDB, both studies comparing single groups of children with 

OSA to control groups. However, O’Brien’s results differed from ours in that they 

demonstrated that peripheral vascular reactivity induced by sympathetic activity increased in 

children with SDB during sigh manoeuvres and a cold pressor test during wakefulness, 

whereas we did not have a direct measure of sympathetic activity and our results indicate 

reduced autonomic tone overall in children with SDB. Chaicharn used mathematical 

modelling to relate changes in HRV to respiration and BPV, and also reported cardiovascular 

sympathetic activity is elevated in children with OSA. In addition, a recent study by 

Montesano et al, [33] reported increased basal sympathetic activity during wakefulness and 

reduced HRV during deep breathing in OSAS patients compared with controls. Comparing 

pre- and post-adenotonsillectomy in 18 children Muzumdar et al, [36] found that LF and HF 

increased during sleep following adenotonsillectomy, which concurs with our data comparing 

children with OSA to non-snoring controls. 

Our data suggest that the dramatic changes in the cardiovascular system observed during and 

immediately following apnoeas result in persisting HRV changes that last beyond the apnoeic 

episodes and impact on the HRV of the entire sleep stage. Thus SDB affects the normal 

autonomic control of HR that characterises sleep in normal, healthy children. This was 

confirmed by further analysis of HRV during stable sleep when epochs containing respiratory 

events, arousals and movements were removed prior to analysis. Although the absolute 

values of the HRV measures were consistently lower during stable sleep in both controls and 

children with SDB, as would be anticipated, they displayed identical patterns to the whole 

overnight recording that included such events. Deng et al, [35] systematically compared 
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various time-series metrics for the quantification of HRV in children with OSA from ECG 

recordings alone and reported HRV can be used as a reliable diagnostic tool for OSA, 

especially if spectral analysis is used in conjunction with non-linear techniques such as 

numerical titration. However, our extended analysis of HRV during stable sleep verified in 

this study that any effect upon stationarity of HR due to bradycardia and tachycardia 

associated with apnoeic events did not influence the pattern of HRV either between sleep 

stages or between severity groups. Similarly, the analyses during the first six minutes 

following a change in sleep stage showed the same pattern of HRV indices as the overnight 

analyses, indicating that the physiological effect of the change in sleep stage on HRV 

remained constant throughout the stage, and was not a reflection of the dynamics of the 

change itself. 

SDB had no major affect on the normal patterns of sleep state-related HRV observed in the 

non- snoring control children. In both SDB and control children, total, LF and HF power 

increased from Wake to NREM1&2, decreased during SWS and increased again during 

REM. In contrast, the LF/HF ratio decreased progressively from Wake, through NREM1&2 

to SWS and then increased during REM. A previous study in normal healthy children 

concluded that autonomic balance was shifted towards parasympathetic dominance during 

normal SWS [21]. Similarly, the shift in HF in our study indicates an increase in 

parasympathetic activity from Wake to NREM1&2 sleep and a commensurate shift in 

sympathovagal balance (LF/HF) during NREM1&2 and SWS in both control and children 

with all severities of SDB, though interpreting changes in LF power are more problematic. As 

the vagal components of the LF and HF power spectra have a non-linear relationship, it is 

erroneous to assume that a change in LF activity accompanied by a corresponding change in 

LF/HF ratio necessarily indicates a change in sympathetic activity. 
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Stepwise multiple linear regression analysis performed to identify potential physiological 

determinants of HRV, indicated that SDB severity was a significant negative predictor of LF 

power during both SWS and REM sleep. This is in accordance with the reduced LF power we 

found during REM and SWS in children with SDB compared with controls; although we 

could not statistically identify the group differences during SWS, there was a trend for 

decreased LF power during SWS. Analysis failed to show that either age, gender, BMI Z-

score nor BP had any significant effects on HRV during sleep. Our finding that BMI was not 

associated with changes in HRV during sleep, appears to be contrary to previous literature 

that has shown childhood obesity is associated with an increased risk of cardiovascular 

disease in later life [37] , however, the children in the current study were not morbidly obese 

which may have dampened the effect of obesity on HRV. 

In conclusion, our data demonstrate significant changes to the HRV of 7-12 y old children 

with SDB. We postulate that the acute changes in BP and the tachycardia and bradycardia 

that are associated with obstructive respiratory events, coupled with the chronic, elevated BP 

during sleep in children with SDB, adversely impact on the autonomic control of heart rate 

during sleep as reflected in reduced HRV in these children. Further research is required to 

elucidate the long-term effects on the cardiovascular system of children with impaired HRV 

and hypertension as they age to adulthood. 
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Figure Legend 

 

Fig. 1 Sleep stage comparison of the power spectral analysis of (a) low frequency (LF), (b) 

high frequency (HF), (c) total power and (d) LF/HF ratio within each diagnostic group in 7-

12 y old children with sleep disordered breathing and non-snoring controls. Columns that do 

not share a letter in common are statistically different. p<0.05 considered statistically 

different 
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Table 1 Subject Demographic and Polysomnographic Characteristics 

 Control PS M MS P 

N (males) 20 (12) 20 (18) 20 (11) 20 (8)  

Age (y) 9.2 

(7.2-12.0) 

10.0 

(7.3-12.3) 

8.2 

(7.1-11.5) 

9.0 

(7.2-12.6) 

0.17 

BMI z-score 0.50* 

(-0.86-2.31) 

0.90 

(-2.2-3.0) 

0.55 

(-0.8-2.70) 

1.6 

(-1.1-2.50) 

0.02 

 

TST (h) 413.3* 

(293.0-494.5) 

424.8* 

(334.5-483.5) 

393.0 

(300.0-468.5) 

363.5 

(238.0-448.5) 

0.006 

 

Sleep Efficiency  87.9%* 

(64.8-97.1) 

84.7% 

(69.0-97.3) 

81.0% 

(60.6-92.8) 

77.4% 

(59.4-95.2) 

0.02 

 

NREM1&2 (%TST) 56.1 

(47.0-66.3) 

60.8† 

(54.4-69.0) 

55.0 

(45.8-63.8) 

58.7 

(50.1-74.4) 

0.02 

 

SWS (%TST) 24.4 

(16.4-36.1) 

22.7† 

(18.0-30.5) 

29.3 

(16.7-38.2) 

24.1 

(14.0-36.1) 

0.02 

 

REM (%TST) 17.6 

(12.0-23.2) 

16.6 

(11.4-23.6) 

17.3 

(9.7-26.1) 

14.9 

(1.5-28.7) 

0.59 

OAHI (events/h) 0.0 

(0.0-0.5) 

0.3 

(0.0-0.9) 

2.5 

(1.1-4.5) 

12.9 

(5.6-48.9) 

- 

Total AI (events/h) 11.3* 

(7.0-18.1) 

11.1* 

(7.6-28.4) 

14.1* 

(9.3-27.4) 

22.6 

(9.8-57.5) 

- 

SpO2 nadir (%) 95.0* 

(78.0-98.0) 

93.5* 

(87.0-98.0) 

92.5* 

(88.0-97.0) 

87.5 

(73.0-94.0) 

<0.0001 

 

Data are expressed as median (range). PS: Primary Snoring; M: Mild OSA; MS: Moderate-Severe 

OSA; BMI , body mass index; TST, total sleep time; NREM, non rapid eye movement; SWS, slow 

wave sleep; REM, rapid eye movement; OAHI, obstructive apnoea hypopnoea index; Total AI, total 

arousal index; SpO2, oxygen saturation. P<0.05 is considered significant. * vs MS † vs M 
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Table 2 Average mean arterial pressure (MAP) and HR in children with either primary snoring, 

mild or moderate/severe OSA and non-snoring control children, during quiet wakefulness 

before lights out and during each sleep stage 

 Control      PS    Mild     MS 

MAP (mmHg)     

Wake   62 ± 2   71 ± 3*   69 ± 2*   75 ± 3* 

NREM1&2   62 ± 2   67 ± 2*   69 ± 2*   74 ± 2* 

SWS   60 ± 1   63 ± 2   69 ± 3*   69 ± 3* 

REM   68 ± 2   72 ± 2   78 ± 3*†   80 ± 3* 

HR     

Wake   83 ± 2   85 ± 2   85 ± 2   92 ± 2* 

NREM1&2   70 ± 1   74 ± 2   74 ± 2   80 ± 2* 

SWS   74 ± 1   75 ± 2   75 ± 2   83 ± 2* 

REM   74 ± 1   76 ± 1   78 ± 2   84 ± 2* 

PS, primary snorers; MS, moderate/severe obstructive sleep apnoea.  

Data presented as mean ± sem   *p<0.05 vs Control; † p<0.05 REM vs Wake 
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Table 3 Power spectral analysis of HRV comparing diagnostic groups within each sleep stage 

 Control PS M M/S P 

LF (ms
2
) 

Wake 1413 

(957-3589) 

1408 

(854-2007) 

954 

(538-2260) 

1305 

(708-2400) 

ns 

NREM1&2 2053 

(738-3632) 

2147 

(1035-3557) 

1637 

(1086-3296) 

1816 

(922-2653) 

ns 

SWS 1073 

(418-2217) 

813 

(258-1798) 

429 

(264-1350) 

464 

(263-1209) 

ns 

REM 2056 

(555-3966) 

1449 

(719-2108) 

1071 

(648-2061) 

1428 

(751-2499) 

0.046 

 

HF (ms
2
) 

Wake 2398 

(863-4227) 

913 

(785-3916) 

697 

(361-3559) 

1257 

(459-1953) 

ns 

NREM1&2 4746 

(1643-6112) 

2285 

(1625-5425) 

2616 

(1334-5607) 

2031 

(1464-4314) 

ns 

SWS 3809 

(1003-5739) 

1519 

(868-5086) 

1378 

(533-2765) 

1717 

(812-3889) 

ns 

REM 3556 

(992-6236) 

1513 

(723-2940) 

1421 

(601-2668) 

1543 

(611-4425) 

0.048 

 

Total Power (ms
2
) 

Wake 6278 

(4248-12119) 

4307 

(2931-11574) 

2864 

(1901-10878) 

4287 

(2915-8325) 

ns 

NREM1&2 8343 

(3426-13515) 

6700 

(4190-13595) 

6407 

(3997-13053) 

5708 

(3775-10564) 

ns 

SWS 6459 

(1763-10111) 

3051 

(1440-8480) 

2091 

(1433-5511) 

3957 

(1859-9881) 

ns 

REM 8525 

(2747-14537) 

4667 

(2366-7884) 

5037 

(2696-7884) 

4840 

(2887-11992) 

0.048 

LF/HF 

Wake 1.01 

(0.76-1.72) 

1.16 

(0.86-1.82) 

1.57 

(1.22-2.12) 

1.35 

(0.87-1.76) 

ns 

NREM1&2 0.58 

(0.45-0.85) 

0.73 

(0.43-1.18) 

0.74 

(0.59-0.96) 

0.91 

(0.41-1.22) 

ns 

SWS 0.38 * 

(0.26-0.55) 

0.39* 

(0.23-0.57) 

0.37 

(0.20-0.59) 

0.34 

(0.20-0.49) 

0.03 

 

REM 0.70 

(0.57-1.07) 

1.10 

(0.70-1.45) 

1.05 

(0.62-1.27) 

0.92 

(0.57-1.59) 

ns 

Data are expressed as median (interquartile range). LF, low frequency; HF, high frequency; NREM, 

non rapid eye movement; REM, rapid eye movement; SWS, slow wave sleep.   

* P<0.05 vs MS OSA 
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Table 4 Power spectral analysis of HRV comparing diagnostic groups within each sleep stage, 

during stable sleep 

 Control PS M M/S P 

LF (ms
2
) 

NREM1&2 1328 

(675-2356) 

1140 

(663-2780) 

1190 

(702-2245) 

2098 

(525-2359) 

ns 

SWS 855 

(325-1950) 

616 

(191-1403) 

452 

(238-1118) 

423 

(127-1204) 

ns 

REM 1735 

(562-2776) 

960 

(598-1912) 

733 

(572-1404) 

1027 

(618-2263) 

0.043 

HF (ms
2
) 

NREM1&2 2112 

(727-5862) 

1646 

(813-3199) 

1541 

(911-6135) 

2217 

(971-3010) 

ns 

SWS 3536 

(996-5016) 

1279 

(598-4828) 

1482 

(383-2186) 

1638 

(468-2309) 

ns 

REM 1868 

(894-4363) 

850 

(562-3305) 

767 

(281-2867) 

1206 

(334-3877) 

0.044 

Total Power (ms
2
) 

NREM1&2 4735 

(2803-11955) 

5044 

(2389-8515) 

4541 

(2506-15029) 

4464 

(3484-8465) 

ns 

SWS 5963 

(1943-1 1320) 

3306 

(1173-5883) 

2391 

(1299-5354) 

2938 

(704-3784) 

ns 

REM 5204 

(2506-11132) 

2605 

(1940-6615) 

3248 

(1968-7122) 

3026 

(2716-10435) 

0.047 

LF/HF 

NREM1&2 0.72 

(0.43-1.16) 

0.70 

(0.54-1.09) 

0.74 

(0.38-1.01) 

0.84 

(0.28-1.14) 

ns 

SWS 0.40 * 

(0.24-0.59) 

0.45* 

(0.22-0.52) 

0.40 

(0.21-0.53) 

0.28 

(0.18-0.36) 

0.02 

REM 0.54 

(0.40-1.07) 

0.80 

(0.63-1.50) 

0.71 

(0.36-1.03) 

0.64 

(0.50-1.21) 

ns 

Data are expressed as median (interquartile range). LF, low frequency; HF, high frequency; NREM, 

non rapid eye movement; REM, rapid eye movement; SWS, slow wave sleep.   

* P<0.05 vs MS OSA 
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Table 5 Significant determinants of power spectral analysis of HRV 

 Predictors STD  Model R
2
 P 

LF (ms
2
) 

Wake Age 0.34 0.12 0.002 

SWS SDB Severity -0.23 0.05 0.046 

REM SDB Severity -0.23 0.04 0.04 

HF (ms
2
) 

Wake BMI Z-score -0.23 0.05 0.04 

Total Power (ms
2
) 

Wake Age 0.30 0.09 0.008 

LF, low frequency; HF, high frequency; SDB, sleep disordered breathing; BMI, body mass index 
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