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Abstract

Background

22q11.2 deletion syndrome (22q11DS) is a neurodevelopmental disorder caused by a

microdeletion on the long arm of chromosome 22. Sleep problems have been reported in this
population, and psychiatric disorders and affect dysregulation are common to the behavioural
phenotype of 22q11DS. Sleep and affect have been consistently linked across multiple studies, yet
despite this very little research has investigated sleep problems in 22q11DS, or the link between
sleep and affect in this population.
Methods

The Experience Sampling Method (ESM) was used to track daily reports of sleep

quality and affect in a total of 29 individuals with 22q11DS and 21 controls. Measurements were
recorded during a 6-day period using an electronic device that prompted daily response with audio
cues.
Results

Participants with 22q11DS were found to experience a longer sleep onset latency and

a greater amount and duration of night wakings compared to controls. Despite this, no significant
between-group difference was found for subjective sleep quality. 22q11DS participants reported
more experiences of negative affect and less positive affect than controls. A bidirectional
relationship was found between sleep measures and affect.
Conclusion

Sleep problems can cause a wide range of negative health effects, and individuals

with 22q11DS are particularly vulnerable to deficits of sleep. To ensure high standards of care,
healthcare providers should be aware of the possibility and impact of sleep problems in this
population.
Keywords

22q11.2 Deletion Syndrome, Velocardiofacial Syndrome, DiGeorge Syndrome,

Developmental Disorder, Sleep Problems, Affect
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Background

Sleep is an incredibly important biological impetus that affects every aspect of our lives.
While the neurological mechanisms underpinning sleep are not well understood, a wealth of
research has shown that sleep problems can contribute to a wide range of health problems, including
memory and learning deficits, decreased cardiac health, diabetes, obesity, and psychiatric illness
(Buxton et al. 2010; Gangwisch et al. 2007; Gottlieb et al. 2006; Maquet 2001). It is also clear that
mood disturbances, depressive and anxiety disorders are closely related to sleep problems (Blaxton
et al. 2017; Cox and Olatunji 2016; Soehner et al. 2014; Sonnentag et al. 2008). For instance, sleep
architecture (the basic organisation of sleep processes) is different among individuals with
depression, with these changes reflecting subjective reports of increased wakefulness and reduced
sleep efficiency (Nutt et al. 2008). These differences are in fact so common in depression that sleep
disruption is used as a secondary diagnostic criteria for the disorder (American Psychiatric
Association 2013). Sleep differences in individuals with anxiety disorders include longer sleep
latency, increased wakings, reduced sleep efficiency, and dysregulation of rapid eye movement
(REM) sleep (Papadimitriou and Linkowski 2005). The directionality of the relationship between
sleep and affect is poorly understood, as most studies use retrospective self-report measures that are
not temporally sensitive. However, a recent study by Triantafillou et al. (2019) investigated the
causal relationship between affect and sleep in healthy participants using daily assessment data.
This study found a bidirectional relationship between sleep and affect, however the effect of sleep
quality on affect was significantly larger than the opposite relationship. Among people with chronic
medical, neurodevelopmental and/or psychiatric conditions, mood and anxiety disorders are
common, and so are sleep problems. However, little is known about the relationship between affect
and sleep in such populations despite the significant psychosocial implications and the availability
of effective interventions. The current study investigated the relationship between affect and sleep
in the unique population of 22q11.2 deletion syndrome (22q11DS).
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22q11DS is a neurodevelopmental disorder caused by a microdeletion on chromosome 22.
This deletion causes a wide range of health problems, and has typically been considered to occur in
approximately 1 in 6,000 births (Botto et al. 2003). However, more recent research focussing on
high-risk pregnancies has suggested that this birth rate could be as high as 1 in 992 births (Grati et
al. 2015). The phenotype of 22q11DS is varied, with more than 150 possible features, with some of
the most common include characteristic facial features, cardiac anomalies, immune deficiency,
palatal defects, intellectual disability, and various psychiatric diagnoses (McDonald-McGinn and
Sullivan 2011). The behavioural phenotype of 22q11DS also includes a disposition for emotional
lability and dysregulation (Tang et al. 2015). Many of these characteristics are also factors that
contribute to sleep quality. Indeed, anecdotally, parents, caregivers, and health-workers have
reported sleep to be impaired among people with 22q11DS. A recent paper by Moulding et al.
(2019) investigated the relationship between sleep, psychopathology, and cognition in 140 young
people with 22q11DS, compared to 65 unaffected sibling controls. This study found that 60% of
children with 22q11DS experienced at least one sleep problem, and that insomnias and restless
sleep were the two most common sleep issues. Various diagnoses such as attention-deficit
hyperactivity disorder, anxiety disorders, and oppositional defiant disorder were found to be related
to restless sleep in particular. In addition, a study by McCabe et al. (2019) (currently under peer
review) investigated parent-reported sleep problems and anxiety for 73 children with 22q11DS and
31 unaffected siblings, finding that 73% of children with 22q11DS experienced sleep problems, as
compared to 23% of unaffected siblings. Children with 22q11DS exhibited greater bedtime
resistance, sleep anxiety, night wakings, parasomnias (abnormal events, experiences, or behaviours
during sleep), sleep disordered breathing, sleep duration, and daytime sleepiness. Higher anxiety
was also related to a greater degree of sleep difficulties in this study (McCabe et al. 2019). Overall
there has been limited research into sleep problems in 22q11DS, with no studies completed within
the adult population, despite having severe negative effects on every-day functioning.
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Various biological risk factors are present in 22q11DS that contribute to poorer sleep
quality. A mouse-model study by Funato et al. (2010) investigated the effect on sleep when
removing Goosecoid-like (GSCL); a gene that is deleted in 22q11DS. This intervention was found
to reduce both the time mice spent in REM sleep and the number of REM episodes. While this is a
promising animal-model study in relation to 22q11DS, it is impossible to generalise these findings
to humans. Clearer links have been found when investigating physiological differences and sleep.
Palatal anomalies are common in 22q11DS, and this, as well as associated corrective surgery, can
lead to obstructive sleep apnoea. This was investigated by Kennedy et al. (2014) using a
retrospective analysis of hospital records, finding that 53% of children with 22q11DS experienced
obstructive sleep apnoea (ceased breathing during sleep) prior to surgery. This study has shed light
on a specific sleep problem, however does not investigate the breadth of sleep issues that are
experienced. While retrospective self-report measures are often used in sleep studies, the current
studied utilised the Experience Sampling Method (ESM). This method takes advantage of day-today self-report measurements of sleep and other relevant variables, reducing memory bias and
errors that occur following recall after longer periods of time (Shiffman et al. 2008). Further
research is required to characterise the types of sleep problems experienced by people with
22q11DS, but also to determine how these sleep problems are related to physical and mental wellbeing.
Limited research has investigated sleep problems in 22q11DS, however recent research
suggests that sleep problems are likely to occur in this population. In addition to high rates of sleep
difficulties, mood disorders and affective disturbances are especially common in 22q11DS, and the
strong link between these phenomena indicates a potential relationship in this population. This
study therefore aimed to investigate the within-person day-to-day associations between subjective
sleep and affect in adults with 22q11DS. We hypothesised that sleep quality would be associated
with next day affect, and that affect would be associated with the coming night’s sleep. We also
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aimed to characterise the types of sleep problems that were occurring in this population. We
hypothesised that adults with 22q11DS would experience more sleep difficulties than controls.
Methods
Study Design
Archival data from participants in studies at Maastricht University was analysed.
The Medical Ethical Committee of the University of Maastricht and the University of Newcastle
Human Research Ethics Committee approved the ethical protocol for this research (See Appendix
C). The relationship between daily affect and overall sleep quality in a group of individuals with
22q11DS and a control group were investigated, while considering the effect of potential covariates
such as IQ, current medications, and psychiatric diagnosis.
Daily affect and sleep quality were measured using ESM; a diary method utilising multiple
random assessments per day, prompted by an electronic device (Van Duin et al. 2019). Psychiatric
diagnosis was measured using a semi-structured interview, administered by a physician. IQ was
measured using the shortened Dutch version of the Wechsler Adult Intelligence Scale (WAIS-IIINL), including the subtests of vocabulary, block design, similarities, object assembly, and
comprehension (Canavan et al. 1986; Wechsler 1999). Demographic information was collected
during a briefing session prior to beginning the ESM procedure (See Appendix D for participant
brief).
Procedure
The data collected for this study was completed during two sessions. During the first
session, 31 individuals diagnosed with 22q11DS and 24 control participants were issued a PsyMate,
an electronic device designed for ESM measurement, and briefed on the use of this device. The
PsyMate device was used to provide auditory cues and an interface that would be used for selfreport (Myin-Germeys et al. 2011). Demographic information was also collected at this time.
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Following briefing, questions were asked every morning via the PsyMate device, regarding sleep
characteristics of the previous night’s sleep, continuing for 6 days. Daily affect was measured by
10 assessments of each affect variable daily, occurring randomly between 7:30am and 10:30pm.
Affect was rated on a 7-point Likert scale ranging from “not” to “very”, in response to questions of
how much the participant endorsed particular emotions (or current affect) at that time. Researchers
called participants several times during the study phase in order to support participants and ensure
study compliance. Following the data collection phase, during the second session, the PsyMate
electronic device was collected from the participant, and a debriefing ensued.
Participants
The study included 31 individuals diagnosed with 22q11DS, and 24 control participants, all
residing in the Netherlands. All 22q11DS participants were over 18 years of age, and were recruited
through the Dutch 22q11DS family network, the National Adult 22q11DS Outpatient Clinic at
Maastricht University Medical Centre (NL), the National Children 22q11DS Outpatient Clinic at
University Medical Centre Utrecht (NL) and the University Hospital (KU) Leuven (Belgium).
Control participants were incorporated from a previous study, with all participants over 18 years of
age and in general good health (Kasanova et al. 2017).
All participants involved in this study were capable of providing written informed consent,
and did so following an initial briefing session (See Appendix E).
Sleep Variables
For the 22q11DS group, sleep characteristics were measured using the variables of time of
sleep, time of transition between wakefulness and sleep (sleep onset latency), number of night
wakings, length of night wakings, morning wake time, time between waking and getting out of bed,
and subjective rated sleep quality. Time of sleep and morning wake time were measured by
participants indicating the relevant time of day and night. Sleep onset latency, length of night
wakings, and time between waking and getting out of bed were measured by participants indicating
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the relevant length of time from a list of choices. Finally, subjective sleep quality was measured on
a 7-point Likert scale with lower scores indicating poorer sleep quality. Due to sleep
characteristics being measured on an ordinal scale, the median was calculated in order to ensure
accurate representation of responses. Number of hours slept per night was also calculated by
determining the difference between time of sleep and morning wake time. Because these variables
were measured using ranges (for example a participant would choose their sleep time as 10pm to
10:30pm), number of hours slept is an estimation of sleep time and can vary up to an hour for each
data point. Due to data points of this variable representing overlapping ranges, only correlations
could be calculated without any estimates of change due to this variable.
Due to differences in variables measured in the control group, only the sleep variables of
sleep onset latency, number of night wakings, length of night wakings, and subjective rated sleep
quality were measured in this group.
Affect Variables
Affect was measured through participants rating their endorsement of a number of emotions
on a 7-point Likert scale ranging from 1 “not” to 7 “very”. These emotions included cheerful,
lonely, relaxed, satisfied, irritated, down, guilty, anxious, and suspicious. In order to better
conceptualise overall affect each day, positive affect and negative affect were calculated.
Comparable to other experience-sampling studies, positive affect was calculated through the
average of cheerful, relaxed, and satisfied, while negative affect was calculated through the average
of lonely, irritated, down, guilty, and anxious (Bower et al. 2010).
Statistical Methods
Of the total 55 participants recruited, two 22q11DS participants and three control
participants were excluded from all analyses due to missing data, leaving n=29 and n=21 in the
22q11DS and control groups, respectively. Chi-squared and Mann Whitney U tests were used to
investigate differences in demographics between the 22q11DS and control groups.
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Sleep variables were measured on ordinal scales, so Spearman’s rho correlations were
utilised, and Bayesian Kendall’s tau tests were run to better conceptualise the strength of these
correlations. The tests statistics for these tests are reported as rs and rτ, respectively. Bayes Factor
is reported in the form of BF10, meaning that it reports the likelihood of the alternative hypothesis
(relationship exists) over the null (no relationship). BF values above 3 are said to provide positive
evidence in favour of the alternative hypothesis, and values less than 1/3 support the null. BF
values between 1/3 and 3 suggest evidence is inconclusive (Jeffreys 1961). The relationship
between demographic variables and sleep characteristics in the 22q11DS group were initially
compared using Spearman’s rho and Bayesian’s tau tests. Each sleep variable was also compared to
daily measurements of affect (averaged across each day), in order to determine how sleep
characteristics influenced affect the next day, and also how affect influenced sleep characteristics
the following night. This was achieved by “shifting” the data for each day, so that the data point for
sleep characteristics of a given night was compared to affect variables of the following day, and
vice versa (lag-1 serial Spearman’s rho correlation). Sleep and affect characteristics were also
compared between the 22q11DS and control groups using Mann-Whitney U tests. To control for
multiple comparisons, the accepted significance level was adjusted using the Benjamini-Hochberg
false discovery rate of 5% (Benjamini and Hochberg 1995). Analysis was conducted using the
statistical software packages SPSS Version 23 and JASP (IBM Corp. 2015; JASP Team 2019).
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Results

Participants
Of the 50 participants whose data was used for the analysis, age and number of mental
health diagnoses differed between groups (Table 1). As medication and IQ data was not available
for the control group, these two variables were only analysed within the 22q11DS group (See
Appendix F for further demographic information).
Table 1

Group Characteristics

Group Characteristics
Characteristics

22q11DS
Control
Test
P Value
(n=29)
(n=21)
Statistic
Gender (m:f)
10:19
12:9
X2=2.5 0.111
Age
33.7(±9.8)
45.8(±11.4) t=-4.0
<0.001
Number of Mental Health Diagnosesa
0.5(±0.8)
0.1(±0.3)
t=2.3
0.03
Number of Medications
1.0(±1.6)
IQ Total
78.07(±10.31)
a
A single 22q11DS participant was excluded in the number of mental health diagnoses analysis, due
to having a significantly greater number of diagnoses compared to other 22q11DS participants
(n=10).
22q11DS Sleep Characteristics
Sleep Characteristics of the 22q11DS group are summarised in Table 2. Time of sleep was
reported to be 11pm or later during 61% of nights measured. A large proportion was between the
times of 10pm and 12:30am, with 68% of nights measured falling into this range. Sleep onset
latency was reported as 0-5 minutes 24% of nights, and 81% of sleep onset latency was measured as
between 0 and 45 minutes. 30% of nights were reported as having no waking occurring, and of
nights where waking occurred, between 1 and 3 wakings were reported 83% of the time. 37% of
night wakings were between 0 and 5 minutes in length, and 86% of wakings were less than 45
minutes in length. Morning wake times occurred between 6am and 8am during 54% of days
studied, with 8% of waking before 6am, and 38% after 8am. Total hours slept was rated as between
6.5 to 9.5 hours for 53-67% of the nights recorded, with 11-17% of nights recorded as having less

22q11DS: SLEEP AND AFFECT

16

than 6.5 hours sleep, and 22-30% of nights recorded as having greater than 9.5 hours sleep. The
length of time spent in bed before getting up was rated as between 0-5 minutes on 35% of mornings
recorded, with 92% of this time being less than 45 minutes in length. Subjective ratings of sleep
quality were rated as 5 or greater for 80% of nights recorded (with 7 indicating the best quality
sleep).
Table 2

Sleep Characteristics of 22q11DS Group

Sleep Characteristics of 22q11DS Group
Characteristics
Time of Sleep
Sleep Onset Latency
Number of Night Wakings
Length of Night Wakings
Morning Wake Time
Time Between Waking and
Getting Out of Bed
Number of Hours Slept
Subjective Sleep Quality

Median
11-11:30pm
15-30 minutes
2 wakings
0-5 minutes
7:30-8am
0-5 minutes

Minimum
<9pm
0-5 minutes
0 wakings
0-5 minutes
<5am
0-5 minutes

Maximum
>3am
2 hours
>5 wakings
1-2 hours
>11am
1-2 hours

7.5 – 8.5 hours
5/7

2.5 – 3.5 hours
1/7

>13.5 hours
7/7

Comparing 22q11DS Demographics and Sleep Characteristics
A significant correlation was found between gender and time of sleep (rs=-0.33, adjusted
p=0.01, rτ=-0.28, BF10=7982), with a median of 11:30-12am for men, and 10:30-11pm for women.
A significant correlation was found between the number of mental health diagnoses and sleep onset
latency (rs=0.29, adjusted p=0.01, rτ=0.25, BF10=619), with more diagnoses related to longer sleep
onset latency. A higher number of medications was also correlated with longer sleep onset latency
(rs=0.32, adjusted p=0.01, rτ=0.27, BF10=3054). Age and morning wake time were found to be
significantly negatively correlated (rs=-0.46, adjusted p=0.01, rτ=-0.33, BF10=183043), with greater
age related to earlier waking time. Greater age was also related to less hours slept (rs=-0.46,
adjusted p=0.01, rτ=-0.33, BF10=260527).
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Group Differences between Affect and Sleep Variables
22q11DS participants rated themselves as feeling less cheerful and less relaxed during the
day, compared to controls. 22q11DS participants also rated themselves as feeling more lonely,
irritated, down, guilty, anxious, and suspicious. Overall positive affect was significantly lower, and
negative affect was significantly higher in the 22q11DS group (Table 3).
Due to limitations in available data, several sleep characteristics could not be compared
between the control and 22q11DS groups. A Mann-Whitney U test showed that 22q11DS
participants rated themselves as taking longer to fall asleep (increased sleep onset latency) and
waking up for longer periods of time during the night. While 22q11DS participants rated their
subjective sleep quality slightly lower than control participants, the difference was not statistically
significant (Table 3). It was found that the significance of these results did not differ when
corrected for age.
Table 3

Comparison of Affect and Sleep Variables between Groups

Comparison of Affect and Sleep Variables between Groups
Sleep and Affect Variables
W
P Value
BF10a
Cheerful
7172
<0.001
127.128
Lonely
11903.5
0.005
1.652
Relaxed
7377
<0.001
172.985
Satisfied
9179.5
0.193
0.359
Irritated
15016.5
<0.001
51972
Down
12845.5
<0.001
103.708
Guilty
13603
<0.001
11109.28
Anxious
12353
<0.001
101.1012
Suspicious
12487.5
<0.001
182.949
Positive Affect
7387
<0.001
37.918
Negative Affect
14225
<0.001
1775.303
Sleep Onset Latency
8502
<0.001
39.087
Number of Night Wakings
7357
0.078
0.648
Length of Night Waking
5329.5
0.026
1.995
Subjective Sleep Quality
5988.5
0.395
0.256
a
The Bayes Factor (BF10) can be interpreted as an indication of the strength of evidence either in
favour of the null or alternative hypothesis. As BF10 increases, this indicates more evidence for the
alternate hypothesis.
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A Bayesian Mann-Whitney U Test showed strong evidence for a group difference in ratings
of positive and negative affect, cheerful, relaxed, irritated, down, guilty, anxious, suspicious, and
sleep onset latency. Inconclusive evidence was found for a group difference in ratings of lonely,
satisfied, number of night wakings and length of night wakings. Weak to moderate evidence was
found for no group difference in ratings of subjective sleep quality (Table 3).
Temporal Relationship between Sleep and Affect in 22q11DS Group
Number of night wakings, morning wake time, and subjective sleep quality were each found
to be correlated with numerous next day affect variables. Of 117 correlations, 10 significant
relationships were found, 7 of which included negative affect variables, and 3 included positive
affect variables. Seven of these relationships included subjective sleep quality. Positive affect
variables were only related to subjective sleep quality, while negative affect variables were related
to both subjective sleep quality and other sleep characteristics. Table 4 outlines the correlations
between sleep and next day affect (lag-1 serial correlations) that were found to be significant in the
22q11DS group.
Table 4

22q11DS Supported Relationships between Sleep and Next Day Affect

22q11DS Supported Relationships between Sleep and Next Day Affect
Sleep Variable

Affect Variable

Number of Night Wakings

Lonely

Spearman’s Corrected Kendell’s BF10
Rho
P
Tau
0.24
0.05
0.19
11

Morning Wake Time

Suspicious
Down

-0.31
-0.30

0.01
0.01

-0.25
-0.22

310
59

Subjective Sleep Quality

Positive Affect
Relaxed
Satisfied
Down
Negative Affect
Guilty
Lonely

0.39
0.39
0.38
-0.31
-0.29
-0.26
-0.25

0.01
0.01
0.01
0.01
0.01
0.02
0.04

0.31
0.30
0.31
-0.23
-0.22
-0.20
-0.19

29582
15676
21041
125
53
22
15
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Time of sleep, sleep onset latency, morning wake time, and subjective sleep quality were
each found to be related to numerous previous day affect variables. Of 104 completed correlations,
13 supported relationships were found between sleep and previous day affect variables, and of these
13, 10 included negative affect and 3 included positive affect. Subjective sleep quality was
included in 8 of these supported relationships, and positive affect variables were only related to
subjective sleep quality, with no supported relationships found between positive affect variables and
other sleep characteristics. Table 5 outlines the correlations between affect and the coming night
sleep that were found to be significant in the 22q11DS group.
Table 5

22q11DS Supported Relationships between Affect and Coming Night’s Sleep

22q11DS Supported Relationships between Affect and Coming Night’s Sleep
Sleep Variable

Affect Variable

Corrected P

Suspicious
Anxious

Spearman’s
Rho
-0.29
-0.22

0.02
0.05

Kendell’s BF10
Tau
-0.23
39
-0.19
7

Time of Sleep
Sleep Onset Latency

Suspicious
Lonely

0.29
0.28

0.02
0.02

0.24
0.22

53
18

Morning Wake Time

Down

-0.30

0.02

-0.23

28

Subjective Sleep Quality

Down
Negative Affect
Anxious
Satisfied
Relaxed
Positive Affect
Guilty
Irritated

-0.42
-0.35
-0.33
0.35
0.33
0.32
-0.29
-0.27

0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.04

-0.32
-0.26
-0.28
0.27
0.26
0.25
-0.22
-0.21

3586
119
303
228
99
68
19
10

A Fischer’s R to Z transformation was used to compare the correlation coefficients of sleep
variables predicting affect the following day, and affect variables predicting sleep the coming night.
This was completed in order to assess if the temporal relationship between affect and sleep was of
greater strength in either direction. There were no significant differences found between the
coefficients of sleep predicting affect and vice versa.
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22q11DS and Control Group Sleep and Affect Relationship Comparisons
In order to investigate if the relationship between any two sleep and affect variables was
different between the 22q11DS and control groups, a Fischer’s R to Z transformation was applied.
As outlined in Table 6, within the sleep predicting next day affect variables, a significant difference
was found in the relationship between number of night wakings and feelings of irritation, and
overall negative affect. The relationship between sleep quality and next day overall positive affect
was significantly stronger in the 22q11DS than the control group.
Within the affect predicting coming night’s sleep variables, several differences were found,
including the relationship between sleep onset latency and feelings of suspicion; number of night
wakings, feelings of lonely, and irritation; and length of night wakings and feeling down (Table 6).
Table 6

Differences of Correlation Strength between Groups

Differences of Correlation Strength between Groups
Sleep Variable

Affect Variable

22q Group
Spearman’s
Rho

Control Group
Spearman’s
Rho

Z

P

2.4
2.3

0.019
0.022

2.0

0.045

Sleep Predicting Next Day Affect
Number of Night Wakings
Sleep Quality

Irritated
Negative Affect

0.16
0.14

-0.16
-0.16

Positive Affect
0.39
0.13
Affect Predicting Coming Night’s Sleep

Sleep Onset Latency

Suspicious

0.29

-0.14

2.9

0.004

Number of Night Wakings

Lonely
Irritated

0.20
0.20

-0.13
-0.09

2.2
2.0

0.030
0.048

Length of Night Wakings

Down

0.05

0.40

-2.2

0.025
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Discussion

In the current study we used ESM to investigate sleep characteristics and the relationship
between daily affect and sleep in a population of adults with 22q11DS. Despite anecdotal evidence
of sleep difficulties and a high rate of affective disturbances in this population, little research has
investigated this relationship, making the current study an important, first-of-a-kind investigation.
It was found that males tended to go to sleep approximately 1 hour later than females in the
22q11DS group. This is consistent with trends evident in the wider population, and is likely due to
a wide range of societal and cultural factors (Burgard and Ailshire 2013). It was also found that
participants of older age tended to sleep less hours per night and wake up earlier, and again these
findings have been evident in a multitude of research investigating changes in sleep due to normal
aging (Li et al. 2018). Participants who reported longer sleep onset latency tended to have a higher
number of mental health diagnoses and prescribed medications. Psychiatric diagnoses have been
consistently linked with sleep problems, and this relationship would be expected in any population
(Krystal et al. 2008). The relationship between medication and longer sleep onset latency may be
due to those with more medications being more likely diagnosed with mental health disorders, or
potentially due to the sleep-altering side-effects of certain medications. The relationships between
demographic variables and sleep quality in the 22q11DS group were consistent with those found in
the wider population. Sleep variables measured in the 22q11DS group were quite heterogeneous,
with large ranges noted for each (see Table 2).
Individuals with 22q11DS reported themselves as experiencing a lower degree of positive
affect and a higher degree of negative affect than the control group. This is consistent with current
research that shows a high degree of emotional problems and mood disorders in this population
(Tang et al. 2015). Individuals with 22q11DS had a longer sleep onset latency and spent more time
awake during the night compared to controls. This supports the findings of Moulding et al. (2019)
where insomnias (difficulty falling asleep, waking during the night, and waking early) and restless
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sleep were prevalent for young people with 22q11DS. This may indicate that the types of sleep
problems in 22q11DS are consistent across time, providing evidence for biological underpinnings to
the types of sleep dysregulation present in this population. Of note, however, is that the study
completed by McCabe et al. (2019) identified that the only sleep characteristic similar between
children with 22q11DS and unaffected siblings was that of sleep onset delay. An increased delay in
sleep-onset latency would be expected as part of the normal aging process, but this would not
explain the difference between control and 22q11DS groups increasing with age (Edwards et al.
2010). While this difference may represent measurement error due to the relatively poor accuracy
of parent-reported sleep, further research is required to determine if this is a true difference in sleep
patterns between children and adults with 22q11DS (McDowall et al. 2017).
There were significant differences in several sleep characteristics between the 22q11DS and
control groups in the current study, but subjective sleep quality was equivalent between groups.
This may indicate that statistically significant differences between sleep characteristics were not
reflective of a clinically significant difference that would cause a shift in reports of sleep quality.
Another explanation is that this difference is due to the effect of current mood on perceived quality
of sleep; where the 22q11DS group were more likely to report a higher quality of sleep while
experiencing positive emotions. This is supported by the finding that there was a significantly
stronger relationship between previous night subjective sleep quality and next day positive affect in
the 22q11DS group than the control group. Considering the study design, previous night sleep
quality was measured during the morning, and if a participant were experiencing positive emotions,
this elevated mood may have contributed to the perception of their sleep quality. Without objective
measures such as polysomnography used in parallel with subjective report, it is difficult to
determine if positive affect contributes to a difference in subjective and objective sleep quality in
the 22q11DS group.
Individuals with 22q11DS who rated higher negative affect during the day were more likely
to experience earlier sleep time, longer sleep onset latency, earlier waking time, and lower
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subjective sleep quality. A temporally reverse relationship was also observed, with individuals who
experienced more night wakings, earlier wake time, and decreased subjective sleep quality rating
negative affect as higher the following day. Participants who rated higher subjective sleep quality
experienced greater positive affect both the following and previous day, however no relationship
was found between positive affect and other sleep measures. Contrary to findings by Triantafillou
et al. (2019), a significant difference between the strength of the relationship between mood and
sleep the of the coming night, as opposed to the relationship between sleep and the next day’s mood
was not found. This may be reflective of differences in measurement, as the current study
investigated positive and negative affect separately, while the study completed by Triantafillou et
al. (2019) investigated mood as a single measure. Further research should continue to investigate
the bi-directionality of this relationship.
These findings suggest that there is a relationship between sleep difficulties and affect in
both directions, in particular negative affect variables are related to sleep difficulties the previous
night, and the following night. However, the relationship between perception of sleep quality and
affect is of greater strength than other sleep measures, where negative affect was more strongly
correlated with subjective sleep quality than any other sleep measures, and positive affect was only
related to subjective sleep quality. As little research has investigated sleep in 22q11DS, especially
within adults, the findings we report here are completely novel in the literature, and to the best of
our knowledge, no study has found a difference in the relationship between affect, subjective sleep
quality and other sleep measures in a comparable population. These findings support the hypothesis
that individuals with 22q11DS suffer from a higher rate of sleep problems than the average
population, and that affect is intrinsically linked with sleep problems in this population.
A limitation of the current study was difficulty comparing sleep characteristics between the
22q11DS group and control group, due to differences in data collection procedures. Several
domains of sleep could not be compared between groups, including time of sleep, morning wake
time, and total hours slept. Future research should focus on ensuring a broad range of sleep
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characteristics are comparable to controls. Objective sleep measures utilising polysomnography or
actigraphy can provide stronger evidence for true sleep differences. However, retrospective report
measures are typically used in sleep studies, and the utilisation of ESM in the current study
introduced a unique approach within this population. Future research should also focus on subgroup analysis to investigate differences in the severity of sleep problems between individuals with
different symptoms characteristic of 22q11DS.
Emerging findings are supportive of the previous evidence that individuals with 22q11DS
experience sleep difficulties at a greater rate than the average population. The current study, as well
as recent studies by Moulding et al. (2019) and McCabe et al. (2019), support the growing evidence
that sleep difficulties are an important area of focus in the 22q11DS population. As sleep problems
contribute to a wide range of physical and mental health issues, clinicians need to be aware of the
high prevalence of sleep difficulties, and how this may be related to affective disturbances.
Interventions targeting sleep issues may therefore be of greater priority than when working within
the general population. Further study of sleep in this population utilising objective measures such
as polysomnography could potentially shed more light on this important issue.
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Appendix F: Medications and Diagnoses
Prescribed Medication Classes (22q11DS)
Proton Pump Inhibitor
Vitamin Replacement
Contraceptive
ACE Inhibitor
SSRI
Antipsychotic
Benzodiazepine
Thyroid drugs
Diabetes drugs
Antimanic agent
Angiotensin II receptor antagonist
Stimulant
NSAID
Steroid
Anticonvulsant
Total:

Diagnoses (22q11DS)
Neurodevelopmental Disorders
Anxiety Disorders
Psychotic Disorders
Depressive Disorders
Substance Use Disorders
Personality Disorders
Mood Disorder NOS
Bipolar & Related Disorders
Impulse Control Disorders
Other
Total:

1
3
3
1
3
3
3
3
1
1
1
2
1
1
1
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6
3
2
5
3
1
1
1
1
2
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Diagnoses (Control)
Obsessive-Compulsive Disorders
Psychotic Disorders

1
1

Total:

2

