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ABSTRACT

BACKGROUND: Autism spectrum disorder (ASD) is a neurodevelopmental condition associated with sleep
disturbances that may result from abnormalities in melatonin production. The correlations of melatonin levels
with the severity of sleep disorder and/or severity of ASD were reported.

OBJECTIVES: To evaluate urinary levels of the melatonin metabolite, 6-sulphatoxymelatonin (aMT6s), in
children with ASD, and their associations with sleep abnormalities and behavioural impairments.

METHODS: Study involved 77 children with ASD and 84 controls aged 2.5-15.5 years. Sleep disorders were
assessed by Children’s Sleep Habits Questionnaire. Morning and afternoon levels of aMT6s were determined
by radioimmunoassay method. Urinary creatinine levels were assessed by an enzymatic method.

RESULTS: The urinary aMT6s/creatinine values indicate that the night-time melatonin levels are significantly
lower in ASD than in controls, but there are no significant differences in the daytime levels. In the ASD group,
on average, a 6.8-fold difference between night-time and daytime values of urinary aMT6s/creatinine was
found, whereas for the controls a 12.5-fold difference was observed, indicating a lower night-time increase in

melatonin levels. In ASD group, the difference in night-time-daytime aMT6s/creatinine value correlated with

some types of sleep problems, but not with the severity of ASD.

CONCLUSION: The results indicate that in ASD there are differences in the patterns of melatonin secretion
that may be associated with sleep impairment (Tab. 4, Fig. 2, Ref. 28). Text in PDF www.elis.sk.
KEY WORDS: autism spectrum disorder, sleep disturbances, 6-sulphatoxymelatonin.

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized by social and communications impairments
as well as by restrictive and repetitive patterns of behaviour and
interests. It is a lifelong disability affecting about 1 % of children
(1). The exact pathomechanism of ASD is not explained (2, 3).
A variety of comorbidities are associated with ASD, including
gastrointestinal disorders, epilepsy, or psychiatric illnesses, with
sleep impairments being one of the most common ones (4). The
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prevalence of sleep disturbances in children with ASD is reported
to be 50-80 %, compared to 9—50 % in typically developing chil-
dren (5). In particular, short sleep duration, low sleep quality/ef-
ficiency, circadian sleep desynchronisation and/or delayed sleep
are the most commonly presented sleep disturbances (6).

There is evidence that individuals with ASD who suffer from
sleep impairments may present with increased severity of ASD
core symptoms (6). In a study, the sleep onset delay was linked
to stereotyped behaviours and impairments of social interaction,
while parasomnia has been associated with communication prob-
lems and increase in stereotyped behaviours (7).

Melatonin, primarily produced by the pineal gland, is one
of the major regulators of the sleep cycle (8). Its secretion ex-
hibits diurnal variation: it is low during the day since the pineal
melatonin production is powerfully suppressed by light expo-
sure. During the night, melatonin concentrations increase several
times with a peak in the middle of the night (9). Several studies
revealed that a proportion of individuals with ASD have lower
levels of melatonin (5), as well as that deviations in biorhythm
of melatonin secretion were observed (6). Abnormalities in mela-
tonin production have been associated with the severity of ASD
impairments (10).
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The main metabolite of melatonin is 6-sulphatoxymelatonin
(aMT6s) which is excreted into urine. Urinary aMT6s excretion
rates have been shown to correlate with serum melatonin levels
(11), thus, urinary aMT6s concentrations are widely used as a con-
venient biomarker of melatonin secretion (9). It has been found that
single morning urinary sample reflects well the overnight urinary
aMT6s excretion rates (12).

The objective of the study was to examine the levels of aMT6s
in spot urine samples of children with ASD as an indicator of se-
rum melatonin levels. In order to examine the daily variation, a
urine sample was collected in the morning as an indicator of the
night-time plasma melatonin concentration, and another one was
obtained during the day, reflecting the daytime melatonin level.
In addition, we aimed to analyse the associations of aMT6s with
sleep disorders and severity of ASD symptoms.

Material and methods

Sample

The case-control study involved 77 children with ASD recrui-
ted at the Academic Centre for Autism Research. Individuals with
associated genetic disorders and severe psychiatric or neurological
comorbidities were excluded from the survey. The control sample
involved 84 age-matched subjects with typical neurodevelopment
recruited from schools and preschool facilities. None of the in-
dividuals were reported to be using melatonin supplements. The
main characteristics of the sample are shown in Table 1.

Behavioral assessment

The diagnosis of ASD was determined according to ICD-10 by
trained examiners. The diagnostic tools involved included the Au-
tism Diagnostic Observation Schedule — Second Edition (ADOS-
2) (13), and Autism Diagnostic Interview-Revised (ADI-R) (14).

ADI-R was evaluated in areas of qualitative abnormalities in
social interaction impairments domain (ADI-R Domain A), com-
munication and language impairments domain (ADI-R Domain B),
as well as in repetitive and stereotyped behaviour domain (ADI-R
Domain C). Because of possible differences in the raw score re-
sulting from a different number of items evaluated according to
age, the ADI-R scores were transformed. The final score in each
ADI-R domain was calculated as a ratio between the individuals
raw score and maximum possible score that the individual could
achieve (i.e. sum of maximal scores of all items evaluated). Thus,
the transformed values are expressed in percent (%).

ADOS-2 was evaluated in domains of social effect (SE %) and
restricted and repetitive behaviour (RRB %). The children were
examined by different modules of ADOS-2 according to the level
of speech achieved. ADOS-2 Calibrated Severity Score (ADOS-2

Tab. 1. Characteristics of the study groups.

Characteristics Levels ASD Controls p
Total count 77 84

boys 67 (87 %) 62 (74 %)
Sex girls 10 (13 %) 22 (26 %) 0032
Age (years) median (range) 4.9 (2.6-14.9) 5.7(2.5-15.5) 0.201
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CSS) was used, allowing to compare the severity of ASD symp-
toms in different modules of ADOS-2 (15).

The ASD diagnosis was made based on clinical evaluation,
while all children enrolled in the study had to meet the criteria for
ASD on both ASD diagnostic tools.

Assessment of sleep habits

Children’s Sleep Habits Questionnaire (CSHQ) was used to
quantify sleep problems (16). The CSHQ is a scale based on
parent-reported items assessing main sleep domains. CSHQ total
score of 41 is the clinical cut-off for identification of probable
sleep problems while higher scores indicate a higher occurrence
of sleep problems. The components of CSHQ can be grouped
into eight subscales representing common domains of sleep dis-
orders in children. The CSHQ has been validated in preschool and
schoolchildren and it is widely used for screening sleep disorders
also in ASD (6).

Urine collection and analysis

Parents collected the first morning sample at home after the
child had woken up. The afternoon sample was collected at lunch-
time or in early afternoon. The samples were frozen and stored at
-20 °C until analysis.

The urinary levels of aMT6s were determined by the radioim-
munoassay (RIA) method. We used a commercially available kit
(Stockgrand LTD., Guildford, UK) and the assay was performed
according to manufacturer’s instructions using the method of
Arendt et al. (12) adapted for iodinated aMT6s (17). The samples
were measured within 5 assays. The mean intraassay coefficient
was 12.9 %. The mean interassay coefficient was 8.0 %, 7.7 % and
13.2 % for low, medium and high-quality control sample, respec-
tively. The level of creatinine was determined using an enzymatic
method for quantitative in vitro determination of creatinine in hu-
man serum, plasma and urine (Erba Lachema, CZ) according to
manufacturer’s instructions.

Statistical analysis

The demographic and clinical characteristics were analysed us-
ing descriptive statistics. Two-sample t-test or alternatively Mann-
Whitney test was used to test for between-group differences. To
assess daytime differences in standardized aMT6s, the data were
logarithmically transformed with base 2 to ensure the linearity of
response. Categorical variables are presented as counts and rela-
tive frequencies and differences between two categorical variables
were tested by chi-square or binomial tests. The Spearman’s rank
correlation coefficients were used to determine the associations
between selected variables.

Statistical analyses were performed using StatsDirect 3.0.191
software (Stats Direct Ltd., Cheshire, UK) and Statistica 13.1 soft-
ware (TIBCO Software Inc., US). All p-values were considered
significant at a two-tailed p < 0.05.

Ethics statement
The study protocol was approved by the Ethics Committee
of the University Hospital and Comenius University Faculty of
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Tab. 2. Bivariable analysis of aMT6s, creatinine and aMT6s/creatinine levels in the morning and afternoon urine samples of children with

ASD and controls.

Characteristics ASD Controls Difference ASD-C p
M — aMTé6s, ng/mL 55.3 (38.6-119.9) 76.0 (45.2-112.2) -20.71 0.259
M - creatinine, mg/mL 0.72 (0.44-1.14) 0.52(0.34-0.71) 0.20 0.001
M — aMTé6s/creatinine, ng/mg 92.02 (58.38-149.64) 149.72 (90.38-223.33) -57.70 <0.001
A —aMT6s, ng/mL 6.98 (2.76-14.59) 3.83(1.25-8.39) 3.15 0.002
A — creatinine, mg/mL 0.57 (0.31-1.14) 0.34 (0.14-0.66) 0.23 0.001
A — aMTé6s/creatinine, ng/mg 11.37 (5.44-22.21) 10.39 (4.56-20.54) 0.98 0.221

Data are expressed as medians and lower — upper quartiles (Q1-Q3), M — morning values, A — afternoon values, p — statistical significance

Medicine and University Hospital in Bratislava, Slovakia. Written
informed consent was obtained from caregivers of all participat-
ing children. The study was in accordance with the Declaration
of Helsinki.

Results

Concentrations of aMT6s, creatinine and aMT6s/creatinine in
the morning (M) and afternoon (A) urinary samples are displayed
in Table 2. The urinary creatinine concentration was significantly
higher and displayed a wider variability in our group with ASD.
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Fig. 1. Bland—Altman plot analysing the agreement between morning
(M) and afternoon (A) levels of aMT6/creatinine.

Tab. 3. The comparison of children’s sleep habits questionnaire
(CSHQ) scores between the ASD and control groups.

Levels ASD Controls
— (n=67) (n=83) p
Total score mean+SD  47.4+8.77  42.9+7.01 0.0008
Sleep disorder es 53 54

P v > So  0.0262

Bedtime resistance 10.5£3.46 8.4+2.55  0.0001
Sleep onset delay Rarely 36 58

Sometimes 15 17 0.0201°

Usually 14 7
Sleep duration 4.1£1.58 3.3+0.75  0.0002
Sleep anxiety 6.6+£2.20 5.8£1.92  0.0260
Night waking 4.3+1.61 3.841.28  0.0527
Parasomnia 9.0+2.07 8.3+1.74  0.0157
Sleep breathing disorder 3.32+0.77  3.31+0.62  0.9319
Daytime sleepiness 11.8£3.59  12.0+3.43 0.7024

ASD — autism spectrum disorder, SD — standard deviation, *chi-square test, **test
of linear trend

Since this factor influences the urinary concentration of biomark-
ers (18), creatinine-standardised aMT6s (aMT6s/creatinine) values
were chosen as the primary biochemical marker for our analyses.

The morning values of aMT6s/creatinine were significantly
lower in the group of children with ASD (median 92.02; lower-
upper quartiles 58.38—149.64) than in the controls (median 149.72;
lower-upper quartiles 90.38-223.33; p <0.001). Since the morning
values of aMT6s/creatinine reflect the melatonin production dur-

Box and whiskers plot for aMT6s/creatinine
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Fig. 2. Differences between log-transformed morning (Log M) and af-
ternoon (Log A) values of aMT6/creatinine levels in children with au-
tism spectrum disorders (ASD) and controls (C). Medians are depicted
as lines within the boxes and the respective mean with a diamond sign.
The difference was statistically significant (p <0.001).
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ing the night, our results indicate lower night-time
levels of melatonin in the group with ASD. The
values of aMT6s/creatinine in the afternoon sample
displayed no significant difference between ASD
(median 11.37, lower-upper quartile 5.44-22.21)
and control (median 10.39; lower-upper quartile
4.56-20.54) groups (p = 0.221), which indicates
that the daytime melatonin levels may not differ
between the groups.

The group averages do not reflect individual
daily changes in aMT6s levels. In addition, it has
been shown that aMT6s excretion may vary con-
siderably between subjects (12). Therefore, for all
subjects who provided both morning and afternoon
samples of urine (67 for the ASD group; 73 for the
control group) we evaluated the statistical differ-
ences between the morning and afternoon aMT6s
concentrations (M-A difference) as an indicator of
individual variation in daytime versus night-time
melatonin levels. All children from both ASD and
control groups displayed a decrease in the aMT6s/
creatinine value in the afternoon urine, with an ex-
ception of one individual with ASD in whom a mild
increase was found (+4.2 ng/mg). The agreement
between morning (M) and afternoon (A) aMT6/
creatinine levels are presented in Figure 1.

The afternoon levels were systematically lower
than the morning ones in both, ASD (Fig. 1A) and
control (Fig. 1B) groups, and resulted in positive
global mean difference lines that were significantly
different from the zero difference on the log 2-scale
(both p < 0.001). The mean difference in ASD
group amounted to 2.8 with 95 % CI: 2.4 to 3.1,
and, that in control group reached 3.6 with 95 %
CIL: 3.6 to 4.3.

Pairwise differences between the morning and
afternoon log-transformed values were statistically
significant in both ASD and control groups (p <
0.001). The mean difference in ASD group (Fig.
1A) calculated from individual differences was
significantly lower when compared to that in the
control group (Fig. 1B). The graphical presenta-
tion in Figure 2 allows for better visual comparison.
Since the constant additive change on the log scale
is a constant multiplicative change on the original
scale, we can state that the afternoon values of uri-
nary aMT6s/creatinine in ASD were, on average,
6.8 times lower than the morning ones (95 % con-
fidence interval from 5.3 to 8.7), and for controls,
12.5 times lower with 95 % CI from 11.8 to 19.9.

The data on sleep habits of children with ASD
and typically developing children are presented in
Table 3. In comparison to the controls, a significant-
ly higher proportion of children with ASD reported
sleep problems (65.0 % vs 81.5 %; p = 0.026). In
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ASD, the sleep problems occurred with higher frequency as in-
dicated by the higher average values of the CSHQ total score. As
to different types of sleep disorders, in the group with ASD, there
were significantly higher CSHQ scores for bedtime resistance,
sleep duration, sleep anxiety, and parasomnias, showing higher
frequency of these sleep impairments in ASD than in controls.
Also, the sleep onset delay in ASD occurred with a significantly
higher frequency as shown by a larger proportion of individuals
who reported this problem to present “usually”, whereas in the
control group, a rather rare occurrence predominated.

We further explored pairwise linear correlations (Tab. 4).
Among those, we were focused on the strength of association
between the morning and afternoon aMT6/creatinine difference
(denoted as LOG M-LOG A aMTé6s/creatinine) with sleep dis-
orders and behavioural characteristics of the children with ASD.

The value of LOG M-LOG A aMTé6s/creatinine significantly
correlated with bedtime resistance (p = 0.307), sleep anxiety (p =
0.277) and night waking (p = 0.524), but not with global severity
of the sleep disorder assessed by the CSHQ total score. We have
not found any significant correlations between LOG M-LOG A
aMT6s/creatinine and severity of ASD core symptoms represented
either by the ADOS-2 scores, namely calibrated severity score
(ADOS-2 CSS), social effect, restricted and repetitive behaviour,
or ADI-R domains, namely those of social interaction impair-
ments, communication and language impairments, and repetitive
and stereotyped behaviours.

Only inconsistent correlations between sleep disorder sever-
ity and autism severity were observed: the bedtime resistance
significantly correlated with repetitive and restrictive behaviour
(p=0.306), while daytime sleepiness negatively correlated with
communication and language impairment domain (p = -0.267).

Discussion

A considerable number of studies provide evidence about
higher prevalence of sleep disturbances in children with ASD (6),
while most of the surveys are based on sleep questionnaires. Also,
arecent meta-analysis of studies in which objective measures such
as actigraphy or the “golden standard”” method — polysomnography,
were used, has confirmed a shorter total sleep time, longer sleep
latency and lower sleep efficiency in ASD (19). Correspondingly,
in our study, sleep disorders occurred with a significantly higher
frequency in the group with ASD, and with prevalence rates simi-
lar to those in other studies (6).

According to current evidence, the sleep disturbances in ASD
have a multifactorial origin, but their exact causes are not fully
explained. It is hypothesised that the underlying biological and
behavioural specifics of ASD predispose to a higher sensitivity to
extrinsic and intrinsic factors that threaten sleep, thus making the
individuals more vulnerable to sleep problems. The abnormali-
ties in pineal production of melatonin, the key player in circadian
rhythm regulation, seem to be one of the intrinsic causes of sleep
disturbances in ASD (20).

Studies investigating melatonin release patterns in ASD re-
vealed differences in comparison to non-ASD subjects (6, 10).

The 24-hour measurements have shown a significantly lower level
of serum melatonin, as well as a smaller nocturnal increase in the
levels in children with ASD (21, 22). Some studies revealed also
deviations in daytime melatonin levels in ASD (10). Measurements
of urinary aMT6s as an indirect marker of melatonin status, docu-
mented lower overnight aTM6s excretion rates in ASD (23-25).
In our study, standardised aMT6s/creatinine was used as a marker
of melatonin levels, and our results indicate lower night-time lev-
els and smaller circadian variation of melatonin concentration in
ASD. In accordance with the above-mentioned studies, our results
support the hypothesis about melatonin abnormalities in ASD.

On the other hand, there are studies that failed to observe sig-
nificant differences in melatonin levels in ASD. In general, the
studies performed to date are heterogeneous in their design, time
of sample collection, or type of the biological material used, and
it has been suggested that additional research is needed to shed
more light on patterns of melatonin release in ASD and their as-
sociation with sleep problems (10).

Some recent studies aimed at genetics of melatonin found
variations of genes regulating the synthesis, metabolism, and
mechanisms of action of melatonin in ASD. They indicate that ab-
normalities in the expression of genes involved in melatonin path-
ways may be responsible for low melatonin levels and circadian
sleep disturbances in subjects with ASD (6, 10). Lower melatonin
levels were observed in healthy mothers of children with ASD, thus
suggesting a genetic origin of melatonin abnormalities (26). Since
embryo and foetus do not produce melatonin, they are dependent on
its maternal supply. At the same time, melatonin affects the brain
development, neurogenesis and synaptogenesis. Therefore, low
maternal melatonin levels may adversely affect these processes.
Genetic studies also support the hypothesis that low melatonin is
not a consequence, but a part of pathomechanisms of ASD (26).

Melatonin plays a well-established role in the regulation of
circadian rhythm, however, it has a variety of other effects (8, 27).
The most commonly cited are antiinflammatory, antioxidant and
immunomodulatory properties; it also enhances mitochondrial
function and displays a neuroprotective effect. These processes
may be interfered by abnormalities in melatonin levels. Thus,
melatonin may be involved in pathophysiology of ASD not only
by causing impairments of the sleep-wake cycle, but also by other
mechanisms (10). In fact, mitochondrial and immune dysfunc-
tion, as well as oxidative stress, have been shown to play a role in
pathomechanisms of ASD (4).

A few studies that investigated correlations of melatonin lev-
els with sleep problems in ASD found either negative or no cor-
relations (6). In our study, the difference between daytime and
night-time creatinine-standardised aMT6s values positively cor-
related with some types of sleep impairments. In other words, the
more “normal” the pattern of melatonin secretion, the higher the
probability of more severe sleep problem. To explain this find-
ing, further investigation is needed, while one explanation may
lie in the existence of specific subtypes of melatonin production.
In a recent study (28), various melatonin production and excre-
tion patterns were found in healthy children with sleep disorders,
which highlights the importance of analysing specific alterations
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of aMT secretion in each sleep disorder. Also, some studies have
shown that children with ASD may show sleeplessness with two
distinct circadian deviations (6).

Tordjman et al., who used in their studies the same methods of
behavioural assessment as we did in our study (ADOS-2, ADI-R),
have found a negative correlation between nocturnal secretion of
aTM6s and severity of some of the core symptoms in adolescents
with ASD (23, 24). In our study, these correlations were not ob-
served. One of the possible reasons for that could be the difference
in age of the study participants.

Sleep disturbances have a negative impact on the core symp-
toms of ASD, and they may also adversely affect the adaptive
behaviour and exacerbate the challenging behaviours such as ag-
gression and self-injury. They often interfere with therapeutic in-
terventions and education of the child with ASD, as well as with
general everyday life and well-being of the family (4). Addition-
ally, abnormal circadian rhythms and impairments in sleep quality
have been shown to be associated with higher risks of cardiovas-
cular, metabolic diseases, and mortality (8), which are growing
problems in people with ASD.

Melatonin in form of supplements is commonly used in the
treatment of sleep disorders, also in individuals with ASD. Several
studies have shown positive effects of melatonin administration
on sleep initiation and duration in children with ASD (9). How-
ever, there is still a non-negligible proportion of children already
taking melatonin and continuing to have sleep problems. It was
suggested that this may be partly due to different types of altera-
tions in melatonin production, since in some children with sleep
impairments a normal pattern was observed, while some children
displayed melatonin hyperproduction, low production or absence
of circadian variation (28).

There is evidence that melatonin has positive effects also on
anxiety, gastrointestinal dysfunction, and sensory processing that
are frequent comorbidities of ASD with adverse consequences on
sleep. It seems that melatonin could at least partially exert some
of'its positive effects on sleep in ASD by acting on these alterna-
tive routes (10).

This was the first survey dealing with sleep disturbances in
children with ASD in Slovakia aimed at investigating their mela-
tonin status. The study is limited by the fact that some possibly
confounding factors of melatonin levels (8, 12) such as environ-
mental exposure to light, seasonality, diet and exercise or stage
of puberty were not controlled. The individuals in the control
sample were not screened for possible ASD symptoms by stan-
dard tools; we relied only on parental reports of their typical neu-
rodevelopment.

In conclusion, in a study involving children aged 2.5-15.5
years we have shown that the prevalence of sleep disorders was
higher in the group with ASD. The higher frequency of bedtime
resistance was more likely to be associated with higher ADI-R
scores (i.e. more severe presentation) in the communication and
language impairments domain. The results show deviations in
melatonin status in children with ASD. The urinary values of
aMTé6s/creatinine found in our study indicate a lower melatonin
production during the night and a smaller night-time increase in
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melatonin levels in individuals with ASD. Alterations in melatonin
levels reinforce the idea about its possible role of a biomarker in
ASD. The high prevalence of sleep disorders suggests that sleep
investigation should be part of multidisciplinary clinical evalua-
tion of a child with ASD.
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