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ABSTRACT

Background: Although alertness and activity status are related to light intensity, the effects of seasonal light
variability on patients with Attention Deficit Hyperactivity Disorder (ADHD) have been scarcely studied. Our
objective was to investigate the effect of seasonality (summer time vs. winter time) on ADHD symptomatology
and on the circadian pattern of motor activity in children and adolescents with ADHD and healthy controls.
Methods: A total of 117 participants (56.4 % males; age [mean + SD] 9.2 + 2.8 years; 51 % patients with ADHD)
were included in this cross-sectional study. For all participants we assessed ADHD symptomatology using the
Conners Parents Rating Scale-Revised and the circadian pattern of motor activity using actigraphy. Data were
collected when schools were in session. General linear models were used to test for differences in outcome
variables based on seasonality and ADHD subtype.

Results: The results revealed that seasonality had a significant effect among ADHD-I patients. Particularly, we
observed that inattention symptoms were ~8.1 points lower (p = 0.002) in summer time, relative to winter time.
In addition, we observed that among patients with ADHD-I, the intradaily variability was also significantly lower
in summer (p = 0.024).

Conclusion: The results from this preliminary study suggest that seasonal light variability could be a factor that
modifies the behavior of children and adolescents with ADHD-I.

1. Introduction

synchronizers of the circadian system is the environmental light-dark
cycle (LeGates et al., 2014). Light is necessary for image formation by

Attention Deficit Hyperactivity Disorder (ADHD), one of the most
common psychiatric disorders in childhood and adolescence, is char-
acterized by inattention and/or hyperactivity/impulsivity that in-
terferes with every day functioning (Korman et al., 2020). Although its
etiology remains poorly understood (Korman et al., 2020), ADHD has
been shown to have high comorbidity with sleep disorders and alter-
ations in circadian rhythms (Coogan and McGowan, 2017; Korman
et al., 2020; Zeron-Rugerio et al., 2020).

The circadian system underpins the generation of near 24-h rhythms
in physiological and behavioral variables. One of the main external

the visual system, but is also essential for the regulation of numerous
circadian non-image-forming functions, which include the direct
improvement of alertness and performance (Gaggioni et al., 2014; Le-
Gates et al., 2014; Lockley et al., 2006). These non-image-forming ef-
fects are distinct from classical visual system (which includes rods and
cones), since they have the origin in the intrinsically photosensitive
retinal ganglion cells (ipRGC), which express the photopigment mela-
nopsin, that have a maximal sensitivity to blue light (Gaggioni et al.,
2014). Thanks to this path, light information reaches the circadian
clock, but also conveys a direct (exogenous) stimulating signal that
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impacts on alertness (LeGates et al., 2014; Lockley et al., 2006).

Although alertness and activity status could be related to light in-
tensity and might influence behavior, the effects of light on ADHD have
been scarcely studied (Korman et al., 2020). For instance, morning blue
light therapy was an effective adjunctive treatment in the fall and winter
periods in adult ADHD patients (Rybak et al., 2007). Notably, light
therapy was associated with improvements in attentional functioning,
impulsivity, and behavioral inhibition in this population (Rybak et al.,
2007). Furthermore, Arns et al. (2013) found that 34-57 % of the
variation in ADHD prevalence was explained by sunlight intensity. As
such, those areas of the U.S. with the highest solar intensity had the
lowest prevalence of ADHD. Thus, they hypothesized that a higher solar
intensity could be related to improved circadian function. Taking into
account the aforementioned, our aim was to investigate the effect of
seasonality (summer time vs. winter time) on ADHD symptomatology
and alterations in the circadian pattern of activity in children and ado-
lescents with ADHD and healthy controls. Our hypothesis is based on the
possibility that patients with ADHD could have a different sensibility to
light that could influence their symptomatology and their circadian
rhythmicity.

2. Methods

This is a secondary analysis of a case-control study comparing dif-
ferences in the circadian pattern of activity between newly diagnosed
(medication naive) children and adolescents with ADHD (n = 59) versus
healthy controls (n = 58). More details about the methodology are
provided in Zeron-Rugerio et al. (2020). The study was conducted in
accordance with the ethical guidelines of the Declaration of Human
Studies of Helsinki and approved by the Ethical Committee of the Hos-
pital of Sant Joan de Deu. Written informed consent was obtained from
the parents of the participants and verbal assent from the participants.

2.1. Exposure variables

2.1.1. Seasonality
Participants were grouped according to the season in which they
wore the actigraph, as follows:

i. Summer time or daylight saving time (GMT + 02), included partic-
ipants who wore the actigraph during the last week of March until
the third week of October.

Winter time or standard time (GMT + 01), included participants who
wore the actigraph during the last week of October, until the third
week of March.

ii.

We excluded July and August since these months correspond to
summer school holidays in Spain.

2.2. Qutcome variables

2.2.1. ADHD symptomatology

The evaluation of ADHD symptomatology of children was assessed
through the Conners Parents Rating Scale-Revised (Short Version)
(CPRS-R:S) (Conners et al., 1998). This scale evaluates the domains of
inattention and hyperactivity, oppositional behavior, and the ADHD
index. Furthermore, according to the symptomatology, patients were
diagnosed into two subtypes: ADHD-combined (ADHD-C) or ADHD-
inattentive (ADHD-I).

2.2.2. Circadian pattern of motor activity

The 24 h-rhythm of activity was measured with the ActiSleep acti-
graph (ActiGraph, Pensacola, FL, USA), which was programmed to
collect data every minute for 7 consecutive days [34]. Participants were
required to wear the actigraph on the non-dominant wrist and only take
it off while showering or bathing. Environmental light was detected by
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the same device.

From these data, we studied the circadian pattern of motor activity
using “el Temps” (v293), an integrated package for chronobiological
analysis. We calculated the mean value of motor activity fitted to a
cosine function (Mesor), as well as circadian variables related to the
stability (interdaily stability, and Rayleigh test) and the fragmentation
(intradaily variability) of the circadian rhythm. Additionally, we
calculated the average value of motor activity between 20:00 and 22:00
(Act20-22) as a measure of activity previous to sleep time.

2.3. Statistical analysis

Values are expressed as mean and standard deviation, unless stated
otherwise. General linear models (GLMs) were used to test differences in
outcome variables between seasons (summer time vs. winter time) in the
following subgroups: ADHD-I, ADHD-C, and healthy controls. For those
ADHD symptoms that differed between seasons (inattention), we
calculated Cohen's d to describe the standardized mean difference of the
effect (Becker, 1999). Effect size was considered as small (d = 0.2),
medium (d = 0.5), and large (d = 0.8) (Lakens, 2013). All analyses were
adjusted for age and performed with SPSS software v25.0 (IBM SPSS
Statistics, Armonk, USA).

3. Results

Overall, 117 participants (56.4 % males; age [mean + SD] 9.2 + 2.8
years; 51 % patients with ADHD) were included in this study. Of which,
60 participants (33 control, 11 ADHD-I, and 16 ADHD-C) were studied
during winter time and 57 participants (25 control, 11 ADHD-I and 21
ADHD-C) were studied during summer time. The mean values of envi-
ronmental light measured during the study period are shown in the
Fig. 1.

Our results revealed that seasonality was significantly associated
with ADHD symptomatology among patients with ADHD-I (Table 1).
Note that in this subgroup, inattention was, on average, 8.1 points lower
[95 % CI: 3.4, 12.8] in summer time, relative to winter time. Accord-
ingly, seasonality had a large effect on inattention symptoms among
patients with ADHD-I (Cohen's d = 1.4). In addition, we observed that
the total score of CPRS-R:S was also significantly lower in summer time
(p = 0.003, Cohen's d = 1.39). Likewise, we observed that, in relation to
winter time, the intradaily variability was significantly lower in summer
(p = 0.024).

Regarding patients with ADHD-C, we observed that neither the
symptoms, nor the rhythmic variables of motor activity differed between
seasons (Table 1). In this case, we only observed that mean values of
Act20-22 were higher in summer time, however this difference was only
close to statistical significance (p = 0.052). Finally, we observed that
among healthy controls, the Rayleigh test was slightly lower in summer
time (p = 0.049).

4. Discussion

The results from this preliminary study showed that, among children
and adolescents newly diagnosed with ADHD, symptomatology differs
according to seasonality. Specifically, the results showed that compared
with winter time, ADHD inattention symptoms were lower in summer
time among patients with ADHD-I. Noteworthy, light exposure can
trigger other neurobehavioral responses, including improved alertness
and performance (Chellappa et al., 2011; Rybak et al., 2007). Addi-
tionally, the effects of light stimuli on the human sleep-wake cycle are
well established in a variety of measures, including phase resetting and
suppression of the sleep-promoting hormone melatonin (Korman et al.,
2020).

Regarding the circadian pattern of motor activity, our results showed
that winter time was associated with a higher fragmentation of this daily
rhythm (given by a higher intradaily variability) among patients with
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Fig. 1. Mean values of environmental light intensity measured during the study period. Values are expressed as mean and SEM.

Table 1

Comparison of ADHD symptoms and circadian variables in subjects with ADHD-Inattentive, ADHD-Combined, and healthy controls as a function of seasonality

(summer time vs winter time).

ADHD-inattentive ADHD-combined Controls

Summer time Winter time p-Value Summer time Winter time p-Value Summer time Winter time p-Value

n=11 n=11 (n=21) (n=16) n=25 n=33
ADHD symptoms”
Inattention 70.7 (5.4) 78.7 (5.9) 0.002 70.4 (12.8) 68.4 (14.4) 0.701 44.9 (4.8) 46.9 (7.4) 0.244
Hyperactivity 56.0 (10.3) 58.8 (12.2) 0.570 78.4 (11.6) 73.2 (12.7) 0.184 47.7 (5.7) 46.7 (3.4) 0.311
Oppositional behavior 54.4 (12.3) 55.5 (12.8) 0.852 64.5 (14.4) 61.2 (13.0) 0.358 46.4 (6.6) 43.1(5.5) 0.080
Total 67.7 (5.2) 75.7 (6.2) 0.003 70.8 (10.5) 71.1 (12.6) 0.932 44.5 (4.6) 45.2 (5.4) 0.615
Rhythmic variables of motor activity
Mesor, AU 2435.0 (558.5) 2351.6 (452.6) 0.680 2781.5 (477.7) 2620.8 (749.3) 0.196 2316.7 (522.8) 2482.5 (432.7) 0.897
Intradaily variability, AU 0.38 (0.05) 0.43 (0.05) 0.024 0.37 (0.07) 0.40 (0.08) 0.208 0.38 (0.06) 0.39 (0.05) 0.119
Rayleigh test, AU 0.95 (0.05) 0.95 (0.03) 0.703 0.94 (0.05) 0.96 (0.03) 0.213 0.92 (0.07) 0.96 (0.04) 0.049
Interdaily stability, % 42.9 (6.4) 40.3 (4.3) 0.158 42.7 (7.4) 43.6 (7.1) 0.886 39.6 (6.9) 42.5(6.2) 0.803
20:00-22:00, AU 2516.5 (589.1) 2838.0 (858.2) 0.266 3530.3 (1108.9) 2861.5 (949.2) 0.052 2271.5 (892.1) 2347.6 (640.8) 0.900

AU: Arbitrary units. Data are shown mean (SD).

4 ADHD symptomatology of children was assessed through the Conners Parents Rating Scale-Revised (Short Version). Statistical tests: General linear models adjusted
for age were used to compare differences. Significant p-values are shown in bold. NS: not significant.

ADHD-I. Notably, the intradaily variability is a marker of chro-
nodisruption, which our group has recently showed it was associated
with symptoms of inattention among patients with ADHD-I (Zeron-
Rugerio et al., 2020). Furthermore, a higher fragmentation of the
circadian pattern has been associated with other ADHD comorbidities,
such as symptoms of depression and cognitive impairment (Luik et al.,
2013; Oosterman et al., 2009). Thus, according to our findings, patients
who are diagnosed with the inattentive subtype of ADHD could benefit
from light therapy during those months with shorter photoperiods,
specially wintertime, improving their attentional functioning (Rybak
et al., 2007). We also observed that the stability of the circadian rhythm
(given by the Rayleigh test) was lower during summer time when we
studied among healthy controls. This could be due to the fact that
relative to winter time, physical activity tends to be higher in summer
time (Turrisi et al., 2021), but it could also be related to the effect of
summer time on sleep (Quante et al., 2019).

5. Conclusion

In summary, our results suggest that light could be a factor that
modifies the behavior of children and adolescents and that different
subtypes of ADHD might be characterized by different sensitivity to
light. Actually, seasonality alterations of mood and behavior have been
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related with gene polymorphisms of the core clock machinery or of
retinal melanopsin cells (i.e. Garbazza and Benedetti, 2018) and this
might generate the differences in season between the groups. Conse-
quently, since summer time was associated with the improvement in
ADHD-I symptoms, the need to implement light therapy in these patients
during winter could be suggested. However, due to the observational
nature of our study, future interventional studies are needed to confirm
our findings.
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