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Abstract: Acute SARS-CoV-2 infections in children and adolescents are usually mild. However, they
can suffer from ongoing symptoms generally referred as long COVID. Sleep disorders are one of
the most frequent complaints in long COVID although precise data are missing. We assessed the
sleep behavior of children and adolescents who presented at our outpatient clinic between January
2021 and May 2022 with the Children's Sleep Habits Questionnaire (CSHQ-DE). We compared sleep
behavior at three different time points: pre-COVID-19, post-COVID-19 at initial presentation and
post-COVID-19 at re-presentation. Data from 45 patients were analyzed. Of those, 64% were female
and the median age was 10 years (range 0-18 years). Asymptomatic or mild COVID-19 disease was
experienced in 89% of patients, whilst 11% experienced moderate disease. Initial presentation oc-
curred at a median of 20.4 weeks (6 weeks - 14 months) after infection. The CSHQ-DE score in-
creased significantly from pre-COVID-19 (45.82+8.7 points) to post-COVID-19 (49.40+8.3 points;
p=<0.01). The score then normalized at re-presentation (46.98+7.8; p=0.1). The greatest changes were
seen in the CSHQ-DE subscale score "daytime sleepiness”. Our data show that children and adoles-
cents with long COVID often suffer from sleep disturbance. For most children and adolescents these
sleep disorders decreased over time without further medical intervention, aside from a basic sleep
consultation.
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1. Introduction

Acute SARS-CoV-2 infection in children and adolescents is usually mild [1]. Similar
to adults, children can suffer from ongoing symptoms [2]. This new disease is generally
referred as long COVID, Post-COVID-19 condition or Post-COVID-19 syndrome [3]. NICE
defines long COVID in children, adolescents and adults as persisting symptoms that de-
velop during or after COVID-19 infection and are present for more than 4 weeks (ongoing
COVID-19) or 12 weeks (Post-COVID-19 syndrome) [4]. A slightly different definition ex-
ists from WHO which currently only refers to adults [5]. Over 200 Symptoms are de-
scribed and any organ may be affected [6,7,8,9]. The most frequently described complaints
are fatigue, respiratory problems, cognitive dysfunction, cardiac symptoms, abdominal
pain and sleep disturbances [10,11,12]. Whilst it is known that sleep disorders have a great
impact on the quality of life of children and adolescents [13], precise data, especially lon-
gitudinal data relating to the effect of long COVID on sleep in children and adolescents
are lacking. Adequate care of sick children and adolescents requires a holistic approach.
Therefore we routinely examined the sleep behavior of children and adolescents who pre-
sented to our outpatient long COVID clinic.
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2. Materials and Methods
2.1. Cohort Composition

From January 2021 to May 2022 children and adolescents who presented to the inter-
disciplinary long COVID outpatient clinic of the Children's Hospital of Jena, Germany,
were screened for sleeping disorders using the CSHQ-DE. Patients who fulfilled the long
COVID diagnostic criteria and consented to the study were included in this analysis. One
hundred and two children and adolescents met this criteria, of which 45 completed the
questionnaires in full at all three time points and were included in the analysis. The most
common reason for exclusion was that the questionnaire was not completed at the time of
re-presentation as symptoms had resolved.

2.2. CSHQ-DE

Sleep-related symptoms in patients were assessed using the standardized Children's
Sleep Habits Questionnaire (CSHQ-DE) for clinically relevant sleeping issues of school-
aged children (4-10 years) [14,15,16]. In this study CSHQ-DE was also used to screen sleep
disorders of younger and older children and adolescents (0-18 years). The questionnaire
provides a total score and eight subscale scores which reflect the key sleep domains. The
clinical cut off for a possible sleep dysfunction is a total score > 41 points. The CSHQ-DE
was usually parent-reported, with adolescent patients filling out the questionnaire inde-
pendently. The CSHQ-DE was completed at three time points: pre-COVID-19 (retrospec-
tively), post-COVID-19 at initial presentation and post-COVID-19 at re-presentation. Only
patients in whom the CSHQ was completed at all three time points and whose complaints
met the diagnostic criteria for long COVID were included in the analysis. All parents gave
their written informed consent to their children’s participation in the study. The study
protocol was approved retrospectively by the local Ethics Committee (Protocol No. 2022-
2614_1-BO).

2.3. Statistical Analysis

Data was analyzed using SPSS 28. Since most of the data was normally distributed,
data are presented as mean +/- SD (standard deviation). Groups were analyzed using uni-
variate ANOVA with repeated measures for multiple timepoints. Multiple measurements
were corrected using Bonferroni post-hoc analysis. Multivariate Regression between sleep
quality indices and symptoms of long COVID were performed. A p-value <0.05 was con-
sidered to indicate statistical significance (2-tailed).

3. Results

Data from 45/102 (44.1%) patients presenting for the first time at the long COVID
outpatient clinic between January 2021 and May 2022 were analyzed. Of those, 64% were
female and the median age was 10 years (range 0 to 18 years). Asymptomatic or mild
COVID-19 disease was experienced in 89% of patients, whilst 11% experienced moderate
disease. Initial presentation occurred at a median of 20.4 weeks (6 weeks to 14 months)
after infection. The test was repeated at the scheduled re-presentation 3 months later
(means 14.3 weeks; range 7 weeks to 9 months). At initial presentation 80% of the patients
suffered from two or more symptoms (Table 1).
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Table 1. Predominant symptoms at initial presentation.

Symptoms In total (%)
Fatigue/stress intolerance 30/45 (62%)
Concentration/learning difficulties 20/45 (44%)
Sleep disorders 19/45 (42%)
Pulmonary symptoms 17/45 (38%)
Headache 16/45 (36%)
Gastrointestinal symptoms 14/45 (31%)
Cardiac symptoms 10/45 (22%)
Dizziness 10/45 (22%)

Muscle and joint symptoms 9/45 (20%)
Neurological symptoms 9/45 (20%)
Smell and taste disorders 9/45 (20%)
Hair loss 6/45 (13%)

Skin changes 4/45 (9%)

On history, 42% of patients reported sleep disorders post-COVID-19. At initial
presentation the CSHQ-DE showed that 88.9% suffered from possible sleep dysfunction
(total score >41); however 66.7% already had a possible sleep dysfunction Pre-COVID-19.
94.7% of patients who self-reported suffering from sleep disorders post-COVID-19 had a
total CSHQ-DE score >41. Pre-Cov19 the mean CSHQ-DE score of all 45 assessed patients
was 45.82+8.7 points, increasing significantly to 49.40+8.3 points (p=<0.01) post-COVID-
19. Thereafter, a trend to normalize (46.98+7.8; p=0.1) was observed at re-presentation (Fig-

ure 1).
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Figure 1. Total CSHQ-DE score pre-COVID-19 vs. post-COVID-19 initial and re-presentation. The
sleep disturbance score increased significantly between pre-COVID-19 and 1st Assessment
(45.82+8.7 to 49.40+8.3), then decreased following (46.98+7.8). Univariate ANOVA with multiple
measurements, post-hoc Bonferroni (**p=<0.01).

Of note, the CSHQ-DE subscale score "daytime sleepiness" significantly increased
from pre to post-COVID-19 (1343.0 vs. 14+3.2; p=<0.001) and significantly decreased again
at follow-up (13+3.2; p=0.029) (Figure 2). All other subscale scores of CSHQ-DE did not
display a change from pre- to post-COVID-19 (Table 2).
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Figure 2. Subscale score “Daytime Sleepiness” pre-COVID-19 vs. post-COVID-19 initial and re-
presentation: Significant increase from pre to post-COVID-19 (13+3.0 vs. 14+3.2) and significant de-
crease at re-presentation (13+3.2). Univariate ANOVA with multiple measurements, post-hoc Bon-
ferroni (*** p=<0.001; *p=0.029).

Table 2. CSHQ-DE Subscales, Mean (SD), ANOVA with multiple measurements, post-hoc

Bonferroni.
CSHQ-DE Pre-COVID-19 Post-COVID-19 Post-COVID-19
o . . p-value
Subscales Initial presentation Re-presentation
Bedtime resistance 8.2 (+2.7) 8.4 (+2.4) 8.0 (+2.7) 0.495
Sleep Onset Delay 1.8 (+0.9) 2.0 (+0.8) 2.0 (+0.9) 0.239
Sleep Duration 4.1 (+1.3) 4.6 (+1.4) 4.5 (+1.6) 0.150
Sleep Anxiety 5.4 (+2.1) 5.5 (+1.9) 5.3 (#2.2) 0.665
Night Waking 4.0 (+1.6) 4.5 (+1.6) 4.2 (+1.5) 0.130
Parasomnia 9.0 (+2.6) 9.3 (+2.4) 9.1 (x2.4) 0.645
Sleep Disordered Breathing 3.5 (+1.1) 3.5 (+1.0) 3.6 (+1.3) 0.543
Daytime Sleepiness 12.6 (+3.0) 14.4 (+3.2) 13.2 (+3.2) <0.001

Multivariate regression analysis showed no significant effect of the occurrence of fa-
tigue/stress intolerance, neurological, cardiac or pulmonary long COVID symptoms on
either the CSHQ-DE score or daytime sleepiness (Data not shown).

4. Discussion

The presented data shows that sleep disturbances, most notably an increase in day-
time sleepiness, occur in children and adolescents with long COVID. As has already been
described in adults [17], sleep dysfunction is independent of disease severity. The distri-
bution of symptoms is consistent with other studies of long COVID in children and ado-
lescents, including a female preponderance [3,10,18,19].

Various pathophysiological causes of sleep disturbances secondary to SARS-CoV-2
infection are discussed in the literature [20,21]. Mechanisms include long-term tissue dam-
age, viral persistence, and chronic inflammation. The production of pro-inflammatory cy-
tokines in the central nervous system, in particular the brainstem, can cause post-viral
symptoms [22]. Some cytokines and viral envelope proteins are hypnogenic and have spe-
cific effects on both NREM and REM sleep. Certain phases of the infection and the strength
of the immune response, may be arousal-inducing and cause sleep disruption [23,24]. A
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long-term consequence is disturbed sleep-wake cycles [25]. Moreover, it appears that the
systemic inflammation triggered by the virus and consecutive activation of inflammatory
mediators such as interferons and interleukin-6 can impair neuronal function and cause
CNS symptoms [26]. Inflammatory mediators may in turn contribute to the manifestation
of autoimmune processes [27]. There is evidence for an underlying autoimmune mecha-
nism as shown by persistently elevated antinuclear antibody (ANA) [28] and G-protein
coupled receptor antibody titres [29] in long COVID patients. In this regard, the typically
high female proportion in long COVID cohorts after mild disease is consistent with the
known female predominance in autoimmunity [30].

Differentiating sleep disturbances, especially daytime sleepiness, from fatigue is dif-
ficult. The pathogenesis of fatigue after COVID-19 remains unclear and is currently under
investigation. COVID-19 related organ damage as well as psychological disturbances can
be related to the development of fatigue [31]. Persisting inflammation or an autoimmune
response due to antigen mimicry may also play a role [32]. In addition, nonrestorative
sleep is associated with daytime sleepiness, which can contribute to fatigue and cognitive
dysfunction. Therefore, sleep disturbance in long COVID overlaps with, and is difficult of
differentiate from, fatigue and cognitive dysfunction. This highlights the importance of a
differentiated assessment of sleep disturbances versus fatigue, with the aim to guide treat-
ment [33].

Furthermore, it remains difficult to separate infectious sequelae of SARS-CoV-2 from
those of the broader pandemic (e.g., lockdowns and school closures). There is a paucity of
data relating to lockdown's and school closure’s effect on screen time, social interaction
and exercise, which are known risk factors for poor sleep quality. The effect of the broader
pandemic, coupled with changes in electronic device and social media behavior, can in-
duce stress, anxiety and weight gain, which in turn exacerbates sleep dysfunction [34].

Two thirds of our patients already had an abnormal CSHQ-DE score Pre-COVID-19
infection. In adult patients, there is evidence that poor sleep is associated with higher sus-
ceptibility to SARS-CoV-2 infection as well as worse clinical outcomes [35,36,37]. It is pos-
sible that poor sleep results in delayed resolution of symptoms.

The impact of chronically disturbed sleep on the development of long COVID re-
mains unknown. Deficient sleep can contribute to cell stress and consecutive neuronal
damage [38]. In addition, sleep disorders can induce mild inflammation causing blood-
brain barrier dysfunction, allowing antigens and inflammatory mediators passage into the
CNS. In this respect, preexisting sleep disturbances in the context of long COVID could
adversely influence the long-term course of COVID-19 disease [33].

5. Limitations

One limitation of this study was the absence of a control group. Further studies on
this topic would benefit from a control to correct for confounders of the broader pandemic
and non SARS-CoV-2 viral illnesses. It has been demonstrated in adults that sleep disor-
ders were more prevalent among patients who had recovered from COVID-19 than the
non-infected control group [39]. A systematic review from 2022 of the effects of corona-
virus disease on sleep in children aged 12 years and younger revealed an increase in sleep
duration, sleep latency and daytime sleepiness. Reliable data regarding long-term effects
on children's sleep and daytime function is lacking [40]. Another limitation is that the Pre-
COVID sleep assessment was conducted retrospectively. Due to the nature of the study,
a concurrent assessment was not possible.

Our results were limited by the fact that a large proportion of patients who presented
to our long COVID outpatients clinic were not included in the study. The study only in-
cluded patients whom fulfilled the diagnostic criteria for long COVID, which is highly
subjective and lacking in objective measurements, such as biomarkers. We used the same
diagnostic criteria which was later published in "Recommendation for standardized med-
ical care for children and adolescents with long COVID" of the German Society for Pedi-
atrics (DGK]) [11]. Of the 102 who presented to the clinic, only 45 families completed the
questionnaire at all three time points. The two primary reasons for non-completion were
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omission of answers to individual questions or, above all, the symptoms has resolved and
the parents therefore considered the completion of the questionnaire to be unnecessary.
We think the inclusion of the missing questionnaires would have further highlighted the
group differences.

5.1. Treatment Recommendations

Our approach to the treatment of sleep disorders was analogous to the recommended
treatment of non-organic sleep disorders by the German guideline. [41]. The most im-
portant intervention was detailed advice on sleep hygiene (Table 3). A sleep diary should
be kept with every attempt at sleep modification to monitor the effectiveness of the inter-
vention.

Table 3. Treatment Recommendations.

. Regular bedtime as part of a regular daily routine, including weekends (or put to
bed only when the child is tired)

o Particularly important in smaller children: regular daytime sleep at the same time
. In the evening avoid bright light, especially in the blue-wave range (LCD screens
on mobile phones, tablets, TV, etc.)

. Avoidance of media consumption in the evening, especially in the hour before go-
ing to bed
o Sufficient physical activity during the day
o No exciting or strenuous activities before falling asleep
o Quiet, dark, warm sleeping environment
. Sleep environment not associated with other activities (gaming, cell phone, televi-

sion, homework, punishment, etc.)

o Bedtime rituals depending on age (between 15 and 30 min)

. Eating/drinking:
o Introduction of a behavioral pattern in early childhood: being fed during the day
and sleeping at night
o Avoid excessive amounts of stimulating drinks during the day
o Avoid stimulating drinks and sweets a few hours before bedtime
o Not responding to child’s intake wishes which only serve to delay sleep
o  Atbedtime avoid hunger and thirst, as well as large meals and significant liquid
intake
o Not responding to wishes/demands of the child that only serve to delay sleep
. For older children and adolescents: restrict naps to 20mins and not after 3pm

In cases of severe sleep disorders, pharmacotherapy should be considered. The
choice of medication depends on the type of sleep disorder and underlying disease (e.g.,
depression or panic disorders) [41]. The dose varies greatly between patients and should
therefore be implemented carefully. Most of the medications available are prescribed off-
label and can therefore only be used as part of an individual treatment regime.

We initiated pharmacotherapy in only four patients. Melatonin was used in increas-
ing doses in three adolescents over a maximum period of six weeks. A 15-year-old boy
and 13-year-old girl with issues relating to sleep initiation, sleep maintenance and day-
time tiredness experienced significant improvement after four and six weeks respectively,
which persisted even after discontinuation. A 17-year-old girl with severe sleep initiation
issues with nil improvement. The fourth child (9-year-old girl) had only mild problems
with sleep initiation was treated with Dimentinden (Fenistil) primarily due to recurrent
urticaria. Both symptoms improved with the medication.

Our first choice for the treatment of moderate and severe sleep disorders secondary
to COVID-19 is melatonin. Taken regularly for a few weeks, melatonin restores the regular
circadian rhythm [42]. It has antioxidant, anti-inflammatory and immunomodulatory
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properties [43,44] and thus could potentially have a positive effect on the previously dis-
cussed mechanisms of long COVID [6,8,45]. Melatonin accumulates in the mitochondria
of endothelial cells resulting in beneficial effects on sepsis-induced mitochondrial dys-
function, oxidative stress, and cytokine response [41].

Endothelial dysfunction occurs in acute COVID-19 infection [46,47,4,8,49,50,51,52].
Endothelial dysfunction caused by persistent endotheliitis could explain many of the
symptoms of long COVID [53,54,55,56]. Melatonin activates Nuclear factor erythroid-de-
rived 2-like 2 (NRF2) [37]. NRF2 is the primary regulator of the inducible antioxidant re-
sponse, which attenuates cellular injury in oxidative stress [53]. Melatonin has been ex-
plored as a treatment for other viral infections which produce an excessive inflammatory
response [54,55,56]. Its use in COVID-19 has also been proposed [57] and is part of several
international trials [58].

We were restrictive in the treatment of sleep disorders with medications. Given the
potential of melatonin to have a positive effect on many aspects of the discussed patho-
genesis of long COVID, coupled with limited side effects, we are currently considering
earlier use. Future studies should focus on melatonin’s effect on clusters of long COVID
symptoms and its use independently of sleep disorders.

6. Conclusions

Our results suggest that sleep disturbances are common in children with long COVID
and therefore monitoring of sleep behavior should occur in all patients with long COVID.
If sleep disturbance does not improve with counselling, medication should be used. In our
opinion, melatonin is the first line medication due to potential beneficial effects on under-
lying long COVID pathophysiology.
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