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ABSTRACT

Introduction. The first night effect (FNE) is the tendency to have lower than usual sleep quality and quantity 
during the first polysomnography (PSG) recording, which alters sleep architecture. The FNE occurs in autism 
spectrum disorder (ASD), with studies suggesting that cardiac autonomic dysregulation is altered in patients 
with this illness. Objective. To determine whether the FNE influences the autonomic activity of ASD and typ-
ically developing (TD) children. Method. Two PSGs were recorded in 13 ASD and 13 TD children. The FNE 
was evaluated with eight sleep variables and autonomic activity through respiratory sinus arrhythmia (RSA) 
and low frequency (LF). Statistical analyses included intra- and inter-subject comparisons. Results. The FNE 
was present in both groups and affected more sleep variables in the ASD group. There were no significant 
differences between both recordings in RSA and LF. Inter-subject comparison showed significant differences 
in certain sleep variables, mainly during the first night. A comparison of RSA and LF between N2 and N3 
stages and REM sleep showed that the TD group had significant differences in both measures whereas the 
ASD group only did so in the LF the first night. Discussion and conclusion. The influence of the FNE on the 
quantitative characteristics of sleep is corroborated in ASD and TD children, but not in RSA or LF. When the 
activity of the RSA and LF between sleep stages was considered, a different pattern was observed between 
the two PSG recordings.

Keywords: Sleep, autism, parasympathetic nervous system, heart rate variability.

RESUMEN

Introducción. El efecto de la primera noche (EPN) es la tendencia a tener una calidad y cantidad de sueño 
inferior a la usual durante un primer registro de polisomnografía (PSG). El EPN se presenta en el trastorno 
del espectro autista (TEA) y en estos pacientes se ha propuesto que la modulación autonómica cardiaca pre-
senta alteraciones. Objetivo. Evaluar si el EPN influye en la actividad autonómica de participantes con TEA 
y con desarrollo típico (DT). Método. Se realizaron dos PSGs a 13 participantes con TEA y con DT. El EPN 
se evaluó con ocho variables del sueño y la actividad autonómica mediante la arritmia sinusal respiratoria 
(ASR) y la frecuencia-baja (LF). Los análisis estadísticos incluyeron comparaciones intra-sujeto e inter-sujeto. 
Resultados. El EPN se presentó en ambos grupos y afecto más al grupo con TEA. No hubo diferencias sig-
nificativas entre ambos registros en ASR y LF. De la comparación inter-sujeto hubo diferencias significativas 
en algunas variables del sueño, principalmente de la primera noche. Al comparar ASR y LF entre las fases 
N2, N3 y el sueño MOR, el grupo de DT tuvo diferencias significativas en ambas medidas, el grupo TEA so-
lamente en LF de la primera noche. Discusión y conclusión. Se corrobora la presencia del EPN sobre las 
características cuantitativas del sueño en los grupos con TEA y con DT, pero no en ASR y LF. Cuando se con-
sidera la actividad de la ASR y LF entre fases de sueño se observa un patrón diferente entre los dos registros.

Palabras clave: Sueño, autismo, sistema nervioso parasimpático, variabilidad de la frecuencia cardiaca.
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INTRODUCTION

The first night effect (FNE) refers to the tendency of peo-
ple to have lower quality and quantity of sleep than usual 
during the first polysomnography recording (PSG). This 
effect is thought to be the result of a lack of adaptation to 
the unknown environment of the sleep laboratory, as well 
as the discomfort caused by the electrodes and sensors re-
quired to monitor PSG physiological variables (Hirscher et 
al., 2015; Kupfer, Weiss, Detre, & Foster, 1974). Although 
most research on the FNE has been conducted on adults, it 
is also present in children and adolescents (Palm, Persson, 
Elmqvist, & Blennow, 1989; Scholle et al., 2003).

In general, the FNE is associated with changes in the 
amount and structure of sleep. Although it does not always 
affect the same variables, the most consistent ones are re-
ductions in total sleep time, REM sleep time, and sleep effi-
ciency, as well as increases in waking time, higher sleep on-
set, and REM sleep onset latencies (Coble, Kupfer, Taska, 
& Kane, 1984; Le Bon et al., 2001; Toussaint et al., 1997; 
Rechtschaffen & Verdone, 1964; Tamaki, Nittono, Hayashi, 
& Hori, 2005). Given the above, in sleep research, it is 
common practice to exclude this first PSG recording from 
the analyses and regard it as a process of adaptation to re-
cording conditions. In the clinical setting, when, for several 
reasons, there is only one PSG recording, caution should be 
exercised since alterations in sleep characteristics can be as-
sociated with the presence of a disorder or disease, when in 
fact, the FNE would explain these alterations. It is therefore 
important to evaluate the FNE to identify the sleep variables 
that are significantly affected in a first PSG recording.

Likewise, according to researchers, analyzing the dif-
ferences between the first PSG recording and subsequent 
ones would make it possible to evaluate people’s capacity 
to adapt to new stressful situations (Kupfer et al., 1974; 
Riedel, Winfield, & Lichstein, 2001). The FNE would 
therefore reflect the capacity of the organism to respond 
adaptively and maintain homeostasis when faced with 
stressors that alter sleep (Rotenberg et al., 1997). It has also 
been suggested that given the consequences of the FNE 
for sleep structure, its use as a transient insomnia model 
would be justified (Suetsugi, Mizuki, Yamamoto, Uchida, 
& Watanabe, 2007; Toussaint et al., 1995; 1997).

Although the FNE affects certain variables of the sleep 
structure of children and adolescents, it does not alter other 
physiological variables, such as nocturnal respiratory activity 
(Scholle et al., 2003). In this population, the evaluation of 
sleep breathing disorders with a single PSG study is therefore 
considered adequate (Li et al., 2004; Verhulst, Schrauwen, 
De Backer, & Desager, 2006). Nor does it alter electrophys-
iological activity patterns that make it possible to identify 
certain pathologies such as the continuous pattern of spikes 
and waves in slow sleep present in certain patients at night 
(Veggiotti, Beccaria, Guerrini, Capovilla, & Lanzi, 1999).

At the same time, autism spectrum disorder (ASD) is 
considered a behavioral syndrome of neurological origin, 
characterized by deficits in social interaction, difficulty in 
establishing links and understanding the mental states of 
other people, difficulty in verbal and non-verbal commu-
nication, and repetitive or stereotyped behavior patterns 
(Volkmar, 2013). In ASD, there is a high prevalence of dif-
ficulty in the initiation and maintenance of sleep, a decrease 
in sleep efficiency, total sleep time, the percentage of time 
in slow wave sleep and REM sleep, as well as increases in 
wakefulness after sleep onset (Ayala-Guerrero, Mexicano, 
& Mateos, 2020; Hodge, Parnell, Hoffman, & Sweeney, 
2012; Kotagal & Broomall, 2012; Paavonen et al., 2008). In 
relation to the FNE in ASD, one study found reductions in 
sleep efficiency and the duration of the N2 stage, together 
with an increase in the amount of wakefulness once sleep 
has begun (Buckley et al., 2013).

It has been posited that in ASD, modulation of the 
autonomic nervous system (ANS) could experience some 
dysregulation (Porges, 2007; Tessier, Pennestri, & God-
bout, 2018). Within this context, a non-invasive method has 
been suggested to assess the autonomic regulation of car-
diac activity, especially the involvement of the parasympa-
thetic nervous system (PNS), by analyzing the length of the 
intervals between each heartbeat and heart rate variability 
(HRV) (Laborde, Mosley, & Thayer, 2017). HRV in ASD 
has usually been analyzed while the subject is awake to 
evaluate various situations such as stress reactivity, social 
involvement, and cognitive tasks (Cheng, Huang, & Huang, 
2020), whereas the evaluation of HRV during sleep in ASD 
is less common (Harder et al., 2016; Pace, Dumortier, Fa-
vre-Juvin, Guinot, & Bricout, 2016; Tessier et al., 2018). In 
these studies, HRV was analyzed on different days, but FNE 
was not evaluated.

Evaluating the FNE has proven to be an effective way 
to determine people’s ability to adapt to changes in their 
sleeping environment. The purpose of this study was to 
analyze the FNE to assess the adaptability of participants 
with ASD and a group with typical development (TD), in 
addition to evaluating the influence of the FNE on the auto-
nomic regulation of the heart analyzed by HRV.

METHOD

Study design

An analytical cross-sectional case-control study was con-
ducted.

Subjects

Using non-probabilistic convenience sampling, male sub-
jects with an ASD diagnosis referred by various associa-
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tions, foundations, and hospital centers were selected. The 
initial sample consisted of 15 children who met the diag-
nostic criteria for Level 1 or 2 autism spectrum disorder 
(mild to moderate) according to the Diagnostic and Sta-
tistical Manual of Mental Disorders, 5th edition (DSM-5, 
2013). Since two subjects failed to complete the second 
PSG recording, the final sample consisted of 13 children 
with a mean age of 8.8 (SD standard deviation = 1.5) years. 
Thirteen children with TD with an average age of 9 (SD = 
1.8) also participated. None of the participants was under 
pharmacological treatment during the PSG recordings. The 
exclusion criteria for both groups were having an IQ of 
less than 80; a clinical history reporting the presence of a 
genetic syndrome; and the diagnosis of a neurological or 
psychiatric disease.

Place

The PSG recordings were made in the neuroscience labo-
ratory of the National Autonomous University of Mexico 
(Universidad Nacional Autónoma de México, UNAM) Psy-
chology Faculty.

Procedure

Two PSGs were performed on consecutive nights for each 
participant. The first PSG included the recording of the elec-
troencephalogram (EEG) in the F3, C3, O1, F4, C4, and O2 
leads with contralateral references in the right and left mas-
toid bones, respectively; an electrooculogram (EOG); an 
electromyogram (EMG) of the mentalis muscle and the left 
and right anterior tibilialis; an electrocardiogram (ECG); 
the oxygen saturation percentage; and breathing measured 
by an oronasal flow thermistor and thoracic and abdomi-
nal respiratory effort bands. The second PSG included the 
recording of an EEG in the F3, C3, P3, O1, T3, F4, C4, 
P4, O2, and T4 leads with contralateral references; an EOG; 
an EMG of the mentalis muscle; and an ECG. The start of 
each PSG recording (with the lights off) was adjusted to 
the usual sleep schedule of each subject and the duration of 
the recording was approximately eight hours. The sampling 
frequency of all the recorded signals was 400 Hz and the 
notch filter was set at 60 Hz.

Measurements

Sleep was rated according to the rules established in the 
American Academy of Sleep Medicine Manual (Iber, 
Ancoli-Israel, Chesson, & Quan, 2007). The following 
variables were measured: total length of each sleep stage, 
amount of wakefulness after sleep onset (WASO), sleep 
efficiency, sleep latency, and REM sleep latency. Sleep la-
tency was defined as the time between the beginning of the 
recording (turning off the lights) and the first epoch of the 

N1 stage of NREM sleep; REM latency was defined as the 
time between the first epoch of sleep and the first epoch of 
REM sleep. Moreover, the first PSG recording permitted 
the exclusion of subjects with sleep-disordered breathing 
or periodic limb movement that could affect the objectives 
of the study.

Statistical analysis

HRV analysis

Samples of cardiac activity from stages N2, N3, and REM 
sleep were selected. Each sample had a duration of five min-
utes, with no presence of motion artifacts or cortical arous-
als. QRSTool software version 1.2.2 (Allen, Chambers, & 
Towers, 2007) was used to obtain the intervals between each 
heartbeat. CardioBatch Plus software (Brain-Body Center 
for Psychophysiology and Bioengineering, University of 
North Carolina) was subsequently employed to obtain respi-
ratory sinus arrhythmia (RSA) in the .12-1 Hz band and low 
frequency (LF) in the .06-.1 Hz band.

Intra-subject analysis

Because certain variables in both groups did not have nor-
mal distribution, and the sample size in both groups, it was 
decided to use non-parametric tests. The two PSG record-
ings were compared using the Wilcoxon signed-rank test in 
each group to evaluate the presence of the FNE. To ensure 
that total recording time was the same in both PSGs, the 
number of recording times was equalized based on the PSG 
with fewer times.

In addition, the characteristics of the HRV measure-
ments between NREM sleep (stages N2 and N3) and REM 
sleep were evaluated using the Friedman test for each group. 
The level of significance was expressed as p < .05. In the 
case of statistically significant results, post-hoc analyses of 
the N2-N3, N2-REM, and N3-REM pairs were added to the 
Wilcoxon signed-rank test. For these analyses, the level of 
significance was expressed as p < .017.

Inter-subject analysis

Using the Mann-Whitney U test, the groups with ASD and 
TD were compared as regards the sleep variables and HRV 
measurements; each PSG recording was separately ana-
lyzed. The significance level was expressed as p < .05.

Ethical considerations

Information on the PSG procedure was provided in both 
groups and, once the children had agreed to participate in 
the study, their parents or guardians signed an informed 
consent letter. All study procedures were performed in ac-
cordance with the Declaration of Helsinki. The Research 
Ethics Committee of the UNAM Psychology Faculty, num-
ber FPSI/422/CEIP/582/2018, endorsed this research.
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RESULTS

Sleep variables

No sleep-related breathing disorders or periodic limb move-
ment were identified in either group. In the group with ASD, 
in the first PSG, the means of the total times were 45.85 min 
(Standard deviation [SD] = 21.9) in stage N1, 171.3 min 
(SD = 50.2) in stage N2, 104.2 min (SD = 19.6) in stage N3 
and 45.8 min (SD = 18.2) of REM sleep. In the second PSG, 
the means were 29.2 min (SD = 10.9) of stage N1, 226.8 
min (SD = 41.3) of stage N2, 122.3 min (SD = 28.6) of stage 
N3 and 72.9 min (SD = 23.4) of REM sleep.

Conversely, in the group with TD, the means of the to-
tal times were 41.2 min (SD = 12.2) in stage N1, 220 min 

(SD = 22.8) in stage N2, 109.6 min (SD = 22.7) in stage N3 
and 76.7 min (SD = 17) of REM sleep. In the second PSG, 
the means were 24.2 min (SD = 6.7) in stage N1, 221.4 min 
(SD = 21.8) in stage N2, 122.3 min (SD = 16.1) in stage N3 
and 94.3 min (SD = 17.4) in REM sleep.

In the group of children with ASD, except for the REM 
sleep onset latency, statistically significant differences were 
found in the sleep variables analyzed (Table 1). In the first 
PSG recording, there was greater sleep onset latency and 
a longer stage N1 and WASO. Moreover, in the first PSG, 
sleep efficiency was lower and the N2, N3, and REM sleep 
stages were shorter.

Unlike the group with ASD, in the group with TD, sta-
tistically significant differences were only found in four sleep 
variables (Table 2). In the first PSG recording, there was a 

Table 1
Comparison of both PSG recordings in the group with ASD

PSG 1 PSG 2 Z p
TT N1 (min) 	 41	 (25-68.5) 	 25.5	 (22.3-35) -1.99 .046
TT N2 (min) 	 164	 (133.2-212) 	 219.5	 (192-263.2) -2.97 .003
TT N3 (min) 	 105	 (90.2-117.2) 	 128	 (97.5-145) -2.27 .023
TT REM (min) 	 48.5	 (29.8-56) 	 65	 (58.5-88.7) -3.10 .002
Sleep latency (min) 	 24.5	 (16-41) 	 8.5	 (7.8-18.3) -2.04 .041
REM Sleep latency (min) 	 177	 (127.3-239) 	 179	 (163.3-205) -.38 ns
WASO (min) 	 56	 (32.5-124.8) 	 3	 (1-4.5) -3.18 .001
Sleep efficiency (%) 	 84	 (66-88.5) 	 96	 (95-98) -3.11 .002
RSA N2 (ln) 	 7.4	 (6.9-8.1) 	 7.4	 (6.7-8.6) -.79 ns
RSA N3 (ln) 	 7	 (6.5-7.7) 	 7.5	 (6.6-8.3) -.98 ns
RSA REM (ln) 	 8	 (6.4-8.6) 	 7.4	 (6.6-8.3) -1.58 ns
LF N2 (ln) 	 4	 (3.8-5) 	 4	 (3.5-5.3) -.35 ns
LF N3 (ln) 	 3.6	 (3.4-4.3) 	 4	 (3.5-4.9) -1.93 ns
LF REM (ln) 	 4.9	 (4-5.8) 	 4.5	 (4.1-5.2) -1.61 ns

Notes: median (Percentile 25-Percentile 75); ns = not significant; TT = total time; WASO = wakefulness 
after sleep onset; RSA = respiratory sinus arrhythmia; LF = low frequency; ln = natural logarithm.

Table 2
Comparison between both PSG recordings in group with TD

PSG 1 PSG 2 Z p
TT N1 (min) 	 40.5	 (28-50.8) 	 22.5	 (18.8-29.3) -3.18 .001
TT N2 (min) 	 217	 (200-241) 	 213	 (204.8-243) -.18 ns
TT N3 (min) 	 112.5	 (95-126) 	 121.5	 (110-134.3) -1.65 ns
TT REM (min) 	 82	 (62.3-90.5) 	 89.5	 (83-110) -2.62 .009
Sleep latency (min) 	 12.5	 (7.3-26.3) 	 7	 (4-19.3) -.84 ns
REM sleep latency (min) 	 149	 (132-230.3) 	 89.5	 (70-136.5) -2.93 .003
WASO (min) 	 12	 (4.5-31) 	 5.5	 (3-7) -2.38 .017
Sleep efficiency (%) 	 94	 (88.5-98) 	 97	 (95-98) -1.49 ns
RSA N2 (ln) 	 7.6	 (6.7-8.3) 	 7.6	 (7-8.4) -.71 ns
RSA N3 (ln) 	 7.3	 (6.6-8.1) 	 7.6	 (7-8.2) -.53 ns
RSA REM (ln) 	 7.5	 (6.9-8.3) 	 7.8	 (7.1-8.3) -.46 ns
LF N2 (ln) 	 4.1	 (3.3-4.8) 	 4	 (3.8-5) -.47 ns
LF N3 (ln) 	 3.9	 (2.6-4.2) 	 3.8	 (3.3-4.2) -.79 ns
LF REM (ln) 	 4.5	 (4-5.5) 	 5	 (4.4-5.3) -.45 ns

Notes: median (Percentile 25-Percentile 75); ns = not significant; TT = total time; WASO = wakefulness 
after sleep onset; RSA = respiratory sinus arrhythmia; LF = low frequency; ln = natural logarithm.
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longer stage N1 and WASO, and longer REM sleep onset la-
tency. REM sleep time was also shorter in the first PSG.

The inter-subject comparison found that in the first PSG 
recording, the group with ASD spent less time in the N2 stage 
(U = 33, p = .008) and REM sleep (U = 18, p = .001) and had 
lower sleep efficiency (U = 26.5, p = .003) and higher WASO 
(U = 25, p = .002). In the second PSG recording, the group 
with ASD had shorter REM sleep time (U = 34, p = .01) and 
longer REM sleep onset latency (U = 13, p < .001).

HRV measurements

In the group with ASD, no statistically significant differenc-
es were found between the two PSG recordings in the RSA 
and LF measurements (Table 1) or between both recordings 
in these two measures (Table 2) in the group with TD either. 

In the inter-subject comparison, statistically significant dif-
ferences were not found in either of the HRV measurements 
in both PSG recordings.

In the comparison between NREM and REM sleep using 
the Friedman test, in the group with ASD, there was only one 
statistically significant difference in the first PSG recording in 
LF (Chi square = 18, p < .001). The post-hoc analysis found 
statistically significant differences in the three pairs N2-N3, 
N2-REM, and N3-REM, with the LF value being lower in the 
N3 stage and higher in REM sleep (Figure 1).

In the group with TD, in the comparison between 
NREM and REM sleep, statistically significant differences 
were found in RSA (Chi square = 9.48, p = .009) and LF (Chi 
square = 20.59, p < .001) in the first PSG recording, as well 
as in LF in the second PSG recording (Chi square = 20.04, 
p < .001). In RSA with the post-hoc analysis, it was found 

Figure 1. Box plot of post-hoc comparison of LF between N2-N3, 
N2-REM and N3-REM peers in the first PSG record in the group with 
ASD. The lines show statistically significant results with p < .017.
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Figure 3. Box plots of post-hoc comparisons of LF between N2-N3, N2-REM and N3-REM peers between both records of PSG in the group 
with TD. The lines show statistically significant results with p < .017.
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that only the N2-N3 pair significantly differed, with a higher 
value in the N2 stage (Figure 2). In LF with post-hoc analy-
sis, statistically significant differences were found in the three 
N2-N3, N2-REM, and N3-REM, pairs in both PSG record-
ings, with a higher value in REM sleep and a lower value in 
the N3 stage (Figure 3).

DISCUSSION AND CONCLUSION

In studies analyzing the FNE effect, similar PSG montages 
are used in the recordings of the first and subsequent nights 
(Li et al., 2004). The use of different montages to obtain the 
PSG does not influence the quantitative or qualitative char-
acteristics of sleep (Hirshkowitz, 2017). This study found 
that the use of two different montages did not influence the 
FNE, since both groups displayed worse values in the sleep 
variables in the first PSG recording. The first montage used 
in this study made it possible to identify the presence of a 
sleep disorder in certain participants and exclude it to avoid 
distorting the data obtained (Verhulst et al., 2006).

The FNE in the group of patients with ASD was more 
evident than in the group with TD. Both groups showed 
higher amounts of WASO in the first recording, while the 
amount of REM sleep was lower. These findings confirm 
that the FNE consistently affects these two variables (Coble 
et al., 1984; Palm et al., 1989; Scholle et al., 2003; Verhulst 
et al., 2006), which explains why subjects in the group with 
ASD displayed a process of adaptation to the PSG recording 
like that of the group with TD. Although the FNE influenced 
a smaller amount of REM sleep in the first PSG recording of 
both groups, statistically significant differences were found 
in the inter-subject comparison in both recordings, such that 
a smaller amount of REM sleep would be a characteristic of 
the sleep structure altered by the presence of ASD.

REM sleep latency is another variable that the FNE 
consistently affects. In the group with TD, this variable was 
significantly smaller in the second PSG, whereas it failed 
to display any statistically significant changes in the group 
with ASD. The reduction of this latency in the group with TD 
sufficed to significantly distinguish it from the group with 
ASD in the second PSG recording. Studies have reported 
that REM sleep latency differs between patients with ASD 
and control groups with TD and is usually longer in patients 
(Cebreros-Paniagua, Ayala-Guerrero, & Mateos-Salgado, 
2020; Giannotti, Cortesi, Cerquiglini, Vagnoni, & Valente, 
2011; Miano et al., 2007), while others have found no dif-
ferences between the two groups (Bruni et al., 2007; Malow 
et al., 2006). Since this variable did not change in the group 
with ASD between both PSG recordings, then the FNE can 
be said not to alter REM sleep latency in this type of patient.

In the group with ASD, the FNE affected four other 
sleep variables, leading to lower sleep efficiency and a short-
er N2 stage. These variables were also significantly lower 

than those of the TD group on the first night of recording. 
These data suggest that patients are more sensitive to the 
FNE, but show adequate adaptation to recording conditions, 
achieving similar values to the group with TD on the second 
night of recording, as described in a study conducted on 
patients with ASD (Buckley et al., 2013). Likewise, it has 
been reported that only in the first PSG recording is sleep 
efficiency lower in the group with ASD compared to the 
control group (Malow et al., 2006).

Of the HRV measures analyzed, RSA is considered an 
indicator of PNS activity and is related to cardiorespirato-
ry coupling, a measure sometimes known as high frequen-
cy (HF) (Laborde et al., 2017). There is some controversy 
about the functional role of the LF measure. The most ro-
bust proposal is related to the mechanisms to control PNS 
on blood pressure through the regulation of vasomotor 
tone and baroreceptor activity (Reyes del Paso, Langewitz, 
Mulder, van Roon, & Duschek, 2013).

Neither of the groups studied showed any statistical-
ly significant differences between the two PSG recordings 
for RSA and LF, meaning that the FNE did not influence 
these measures, suggesting that during sleep, these phys-
iological variables remain constant to maintain a balance 
of the vegetative functions of the organism. This is further 
supported by the fact that there were no statistically signifi-
cant differences in the intergroup comparison for each night 
of recording, which coincides with a study in which the HF 
and LF measurements were evaluated during a second PSG 
recording of patients with ASD and another group with TD, 
although in this study, only stage N2 and REM sleep were 
analyzed (Tessier et al., 2018).

In a study by Harder et al. (2016), there was only one 
PSG recording and when the HF and LF measures were 
evaluated, statistically significant differences were found 
between a group with ASD and a group with TD during 
the N3 and REM sleep stages. However, in this study, the 
age range of subjects was different, oscillating between 4 
and 10 years, and the HF measurement used the frequency 
range of .15 - .40 Hz. Since HF and RSA are associated with 
cardiorespiratory and PNS activity, the frequency range 
should be adjusted to take the breathing rate into account 
(Berntson et al., 1997). Our study used the .12 - 1 Hz range, 
which considers the influence of the higher breathing rate 
typical of children and adolescents (Wallis, Healy, Undy, & 
Maconochie, 2005).

How the ANS works varies according to the type and 
depth of sleep. During NREM sleep, there is a predominance 
of parasympathetic activity and a decrease in sympathetic 
activity, whereas in REM sleep, there is a predominance of 
sympathetic activity and fluctuations in parasympathetic ac-
tivity (Lanfranchi, Pépin, & Somers, 2017). Consequently, 
studies analyzing HRV during sleep usually compare HRV 
measurements between NREM and REM sleep (Stein & Pu, 
2012). In this study, the N1 stage of NREM sleep was not 
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included because few participants experienced it for over 
five minutes continuously, which is common during this 
sleep stage (Carskadon & Dement, 2017).

In the group with TD, the pattern of LF activity be-
tween NREM and REM sleep was similar between both 
PSG recordings, since the LF values followed the same 
tendency to display statistically significant differences in 
the three pairs analyzed (N2-N3, N2-REM, and N3-REM). 
Accordingly, in this group, the FNE did not alter the LF ac-
tivity pattern. However, in the group with ASD, there were 
discrepancies between both PSG recordings in the LF pat-
tern between NREM and REM sleep, although in LF, there 
were no statistically significant differences between the two 
PSG recordings.

Likewise, in the group with TD, there were discrep-
ancies between both PSG recordings in the pattern of RSA 
activity between NREM and REM sleep. In the first PSG re-
cording, RSA was significantly lower in the N3 than the N2 
stage. This reduction in RSA in stage N3 could be attributed 
to the stress associated with the first PSG recording (Roten-
berg et al., 1997), since RSA values in stage N3 are stable on 
different nights (Herzig et al., 2018) and RSA is reduced in 
the presence of various stressors (Kim, Cheon, Bai, Lee, & 
Koo, 2018). However, the RSA values of stage N3 did not 
significantly differ between the two PSG recordings.

Since no statistically significant differences were 
found between the two recordings in RSA and LF, it is not 
possible to clearly determine the influence of the FNE on 
the activity patterns arising from the comparison between 
NREM and REM sleep. These results cannot be contrasted 
with previous results, due to the lack of studies in the liter-
ature consulted on the relationship between the FNE and 
the autonomic regulation of cardiac activity evaluated by 
HRV, in both patients with ASD and groups with TD. The 
limitations of this study include the small sample size and 
the fact that only subjects with mild to moderate ASD were 
evaluated.

The results obtained in this study confirm that the FNE 
is expressed in sleep architecture and its quantitative char-
acteristics. In subjects with ASD, the FNE influenced more 
sleep variables. The values obtained from the PSG of a sin-
gle night must therefore be considered with caution to dis-
tinguish the FNE on sleep from that caused by the neurode-
velopmental disease itself, even though subjects with ASD 
displayed an adequate capacity to adapt to the conditions 
associated with the PSG recordings. As for HRV, this would 
seem to be another type of physiological variable that is not 
altered by FNE. However, additional studies are required 
given the need to determine whether the FNE influences the 
pattern of HRV activity between NREM and REM.
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