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The 22q11.2 deletion syndrome (22q11.2DS) is a microdeletion
syndrome with high phenotypic variability, including somatic
disorders like congenital heart disease and psychiatric disorders
such as schizophrenia, anxiety disorders, and mood disorders.
Clinical observations suggest that many patients with
22q11.2DS suffer from severe fatigue. However, to the best of
our knowledge, no previous study has investigated the potential
association between 22ql11.2DS and fatigue. Twenty-nine
patients (mean age 26.8, 18-38y) with 22q11.2DS completed
the multidimensional fatigue inventory (MFI) measuring sever-
ity of fatigue. The results of the study group were compared with
published population norms. In addition, cross-sectional asso-
ciations between fatigue, depression (Beck Depression Inven-
tory—BDI), and a quality of life questionnaire (WHO) in
patients with 22q11.2 DS were examined. Subscales and total
MFI scores were significantly higher in adults with 22q11.2DS.
Approximately 80% of the study group had a total MFI score
above the mean of the norms. A significant correlation between
depressive symptoms and fatigue was found. Fatigue was also
significantly associated with quality of life scores, specifically the
general score, psychological health, and environment. This is the
first report of high levels of fatigue in adults with the 22q11.2DS.
Fatigue is a frequent complaint in this age group and should get
the necessary attention given its association with quality of life
and depression severity. Taking into account the multisystem
nature of the 22q11.2DS, we recommend a systematic clinical
examination to exclude underlying somatic or psychiatric causes
of fatigue. © 2016 Wiley Periodicals, Inc.
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INTRODUCTION

The 22q11.2 deletion syndrome (22q11.2DS) is a genetic syndrome
caused by a microdeletion on the long arm of chromosome 22. It is
the most frequent microdeletion syndromes with an estimated
prevalence of one in 4,000 Live births [Oskarsdottir et al., 2004].
The clinical phenotype is highly variable. Recurring somatic
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pathology includes a high prevalence of congenital heart disease,
velopharyngeal insufficiency, facial dysmorphism, (para)hypothy-
roidism, thrombocytopenia, anemia, autoimmune disease, immu-
nodeficiency, genitourinary, and gastrointestinal abnormalities
[Ryan et al., 1997; Bassett et al, 2005; Tang et al., 2014;
McDonald-McGinn et al., 2015]. During childhood and adoles-
cence the average IQ is around 70 [Chow et al., 2006; Butcher et al.,
2012]. Other characteristics include learning problems, a mild to
moderate intellectual disability, and a high risk of developing severe
psychiatric disorders such as ADHD, autism spectrum disorder,
anxiety disorders, mood disorders, and schizophrenia spectrum
disorders [Schneider et al., 2014].

Studies show a significant psychiatric vulnerability in individu-
als with a 22q11.2DS from adolescence on. This psychiatric vul-
nerability includes not only a high prevalence of schizophrenia
spectrum disorders, but also anxiety and mood disorders
[Schneider et al., 2014]. However, during our psychiatric inter-
views we were surprised by the high number of (young) adults
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without the presence of any current psychiatric problem that
spontaneously complained about fatigue, tiredness, and lack of
energy. Most adults and their families were concerned because of
the notable impact of these complaints on daily functioning.

To our knowledge no reports on fatigue within this population
are found in literature. Butcher et al. [2012] demonstrated that
adaptive functioning of adults with a 22q11.2DS is affected and
mostly associated to their level of cognitive functioning. In addi-
tion, to a lesser extent adaptive functioning was associated to the
presence of a schizophrenia spectrum disorder, but not signifi-
cantly to the presence of mood or anxiety disorders [Butcher et al.,
2012]. However, Butcher et al. did not look at the impact of fatigue.
Several of the somatic and psychiatric disorders that are highly
prevalent in 22q11.2DS are known to be associated with symptoms
of fatigue. Moreover, fatigue is associated with several conditions
that have an increased prevalence in adults with 22q11.2DS,
including congenital heart disease, several autoimmune diseases,
infections, hematological disorders, and endocrinological disor-
ders [Ryan et al., 1997; Gennery, 2012]. The latter include anemia,
thrombocytopenia, hypothyroidism, and hypoparathyroidism
[Cheung et al., 2014; Ryan et al., 1997]. Congenital heart disease
has an estimated prevalence of 60% in patients with 22q11.2DS
[Bassett et al., 2005]. Most of these cardiac anomalies can be
surgically corrected at an early age resulting in a normal adult
cardiac function. In a small subgroup of adults with a 22q11.DS
a complex and severe cardiopathy induces a deterioration of the
cardiac function with a decrease of the ejection fraction causing
complaints that include physical fatigue.

Here, we address the following three study questions: (i) What is
thelevel of fatigue in (young) adults with a 22q11.2 DS compared to
population norms? (ii) Is there an association between the level of
fatigue and prevalent somatic and psychiatric disorders in 22q11.2
DS? (iii) Is there a relation between the level of fatigue and quality of
life in 22q11.2 DS?

Data were collected between January and August 2015. Thirty-four
adults with a formal diagnosis of a 22q11.2 microdeletion, based on
FISH or microarray, were recruited via the Center for Human
Genetics at the University Hospital Leuven, Belgium. Five adults
with an IQ below 60 were excluded to insure the reliability of the
answers. The final study group included 29 adults (18 women and
11 men) with a 22q11.2DS. All participants were between the ages
of 18 and 38 years (Table I). A detailed overview of the age
distribution can be found in the supplementary data (Supplemen-
tal Fig. S1). Ethical approval for this study was obtained from the
Research Medical Ethics Committee UZ KU Leuven (Belgium). All
participants provided written informed consent.

Participants completed a multidimensional fatigue inventory (MFI-
20) and Beck Depression Inventory (BDI) as part of a broader
psychiatric assessment [Smets et al., 1995; Beck et al., 1996]. The
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N Mean Standard deviation

Age

Women 18 27.17 4.76

Men 11 26.09 6.19

Total 29 26.76 5.26
MFI general fatigue 29 12.83 3.66
MFI physical fatigue 29 11.55 4.03
MFI reduced activity 29 10.17 3.51
MFI cognitive fatigue 29 10.17 3.69
MFI reduced motivation 29 10.83 3.65
Total MFI score 29 55.55 14.77
BMI 29 27.61 5.79
BDIc 1? 6.94 5.90
General score QoL 13 ’.31 1.44
Physical health QoL 13 13.89 2.87
Psychological health QoL i3 13.79 3.04
Social relationships QoL 8 16.00 3.19
Environment QoL 13 14.77 3.20

MFI-20 is a 20 item self-report questionnaire with a Likert scale
assessing fatigue in five subdomains, each containing four items.
These subdomains consist of general fatigue, physical fatigue, re-
duced activity, cognitive fatigue, and reduced motivation. The BDIis
a 21 item self-report multiple choice questionnaire to assess symp-
toms that are associated with depression. For the analysis of the BDI
an adaptation was made to exclude the items “feeling tired,” “sleep
disturbances,” and “loss of energy.” This adapted version was called
the BDIc and has already been used in a previous study on fatigue
[Kempke et al., 2011]. In our cohort the BDIc had a good internal
consistency (Cronbach’s a = 0.83). All 29 participants completed a
MFI-20, but the first 12 participants assessed did not complete a BDI
since it was not included in the initial assessment. Cardiac data were
only included if a written report from a cardiologist, including an
echocardiogram, was present. For thyroid function, anemia, and
thrombocytopenia, lab results less than 1 year old or a formal
diagnosis were used.

In an effort to measure quality of life (QoL) within adults with a
22q11.2DS, 13 participants completed a validated WHO question-
naire that scored five subdomains of QoL. These subdomains
include a general score, physical health, psychological health, social
relationships, and environment [Trompenaars et al., 2005]. Based
upon the answers a perceived QoL is measured in each of the five
subdomains. Data on QoL were collected from a subgroup of
patients as part of a study on resilience and QoL in adolescents and
adults with a 22q11.2DS running during the same time period.
Results are presented in Table III and Figure 2 C-F.

To define severity of fatigue in the sample cohort compared to
normal levels, total MFI score, as well as the five subscale scores,
were converted into Z-scores based on population norms. Z-scores
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were calculated for every participant using the mean (M""™)
and standard deviation (SD"°"™) of published normative values:

7-score = (szlrt _ Mm)rm)/SDnorm

with SP*"* = individual score of a participant; M = Mean of
the population norms; SD"*"™ = Standard deviaton of the
population norms.

Normative values for subscales were calculated from an adult
general population of 2,037 subjects in Germany [Schwarz et al.,
2003]. Values were calculated from a subgroup of 1,500 subjects
with an age below 39 years old. As there were no population norms
published on the total MFI score for this population, but only on
subscales, normative values for total MFI score were based on an
adult general population in Colombia [Hinz et al., 2013]. This
Colombian cohort is composed of 1,500 subjects that were age
18 years and older at the time of sampling [Hinz et al., 2013].

This method allowed us to use a certain age category (<39
years old) for the subscales and take into account gender for all
the scores by using a separate M"*™™ and SD"°"™ for men and
women. This approach was chosen because studies have shown
that MFI scores are age and sex dependent [Schwarz et al., 2003].
Within our cohort no significant correlation was found between
age and MFI scores. There was no significant impact of age on
fatigue within this age group of adults between 18 and 38 years
old. The means and standard deviations for MFI scores, Z-score,
and normative values are presented in Table II. MFI scores and
corresponding Z-scores were normally distributed.

To determine if the difference between population norms
and sample scores were significant, a two sample T-test for
independent samples with unequal variances was performed
using the mean and standard deviation of the normative values
adhering to the following formula:

norm

T-test = (Msample _ Mnorm)/\/(vnorm/Nnorm + Vsample/Nsample)
with M*™Pe — Mean of the sample; M"°"™™ =Mean of the

norms; V¥™P' — Variance of the sample; V"™ = Variance of
the population norms; N**™P' = Number of participants in the
sample; N"°"™ = Number of participants used in the norm

sample.

The approximate degrees of freedom d” was computed based
on the Satterthwaite’s Method (Table III).

Spearman correlations were performed to look for associa-
tions with BDIc results. A simple linear regression was per-
formed (Table III) to investigate the relationship of MFI with
BMI, BDIc, and QoL. Preliminary analyses were performed to
ensure the assumption of normality and linearity. Statistical
analysis was performed using SPSS version 22.0.

Statistical analysis was performed to assess the internal consis-
tency of the MFI scores within a group of adults with 22q11.2DS.
Cronbach’s a was calculated for total MFI score (20 items) as
well as for each subscale of four items. Results showed it to be a
reliable questionnaire for adults with 22q11.2 DS and an IQ

MFI reduced MFI reduced MFI cognitive

MFI physical

MFI general

Total MFI score

0911

fatigue
0.723

motivation
0.783

activity
0.758

fatigue
0.741

fatigue
0.816

Cronbach’s a

Pearson correlation

29

(2-tailed P-value) N
MFI general fatigue

0.691*** (0.000) 0.489** (0.007) 0.662** (0.000)

0.799*** (0.000)

.915 %

(0.000)

0

0.336 (0.075) 0.568“** (0.001)

0.592*** (0.001)

MFI physical fatigue

.83 5 %+
(0.000)

0

0.469* (0.010)

0.535*** (0.003)

MFI reduced acitivity

.819 %

(0.000)

0

0.294 (0.122)

MFI reduced motivation

.66 2
(0.000)

0

MFI cognitive fatigue

751
(0.000)

0

Pearson correlation (two-tailed): ***a < 0.001; **a < 0.01; *o < 0.05.
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above 60. Total MFI score and five subscales had a good internal
consistency with a Cronbach’s a above 0.7 (Table II). Pearson
correlation found a high correlation for the general fatigue subscale
with all four other subscales. Highest correlation between subscales
could be found between general fatigue subscale and the physical
fatigue subscale of the MFI (p = 0.799). Correlations between other
subscales were moderate to low.

Severity of Fatigue in Adults With 22q11.2DS

The histogram (Fig. 1A) and mean calculated Z-scores of total MFI
score (Table IIT) suggest an increase in mean total MFI score in adults
with 22q11.2DS. Looking at 95% confidence intervals, and based on
the two sample t-test with unequal variances, the mean total fatigue
score in adults with 22q11.2DS is significantly higher than the mean of
the normative values (o < 0.005). A two sample t-test of men and
women separately comparing the mean of the population norms with
the mean of the adults with 22q11.2DS identified a significantly higher
mean in women with 22q11.2DS, but only a trend in men (Table III).

Based on the two sample t-tests, as well as the 95% confidence
intervals, the subscale score on all five subscales are significantly
higher than the population norms (Table III). The largest
increase compared to the general population was found in
the subscales general fatigue and physical fatigue. For these
subscales the difference was comparable in both men and

women. For the subscale general fatigue the histogram showed
that almost all adults with 22q11.2DS scored above the mean of
the population norms (Fig. 1B). The general fatigue score in
22q11.2DS was almost twice as high as the norms, even
when looking at men and women separately. The increase
in the mean physical fatigue score in 22q11.2DS was also
significant in both women and men (Table III). The histogram
showed that more than 90% scored above the mean of the
population norms (Fig. 1D).

For the reduced activity and cognitive fatigue subscales of the MFI
and for the total MFI score, a more pronounced effect was observed
in women. Figure 1C shows that 86% of the participants had a
cognitive fatigue score above the mean of the normative values. The
difference with the population norms is larger in women
(mean Z-score = 1.67) than in men (mean Z-score = 0.76). About
83% of the adults with 22q11.2DS had a reduced activity score above
the mean of the normative values (Fig. 1E). Comparable to what was
seen in the subscale cognitive fatigue, the increase in the reduced
activity subscale was more pronounced in women with 22q11.2DS.

For the reduced motivation subscale of the MFI the mean
increase is higher in men than in women (Table III). About
83% of the group had a reduced motivation score above the
mean of the population norm (Fig. 1F). 95% confidence intervals
and two sample t-tests found the increase to be significant in both
men and women.
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FIG. 1. (A-F) Histograms showing the Z-scores for MFl subscales. The blue line represents the 95% border in the norm group which means
that in the general population 95% of the people will have a score that is lower than the score represented by this line. [Color figure can be

viewed at wileyonlinelibrary.com].
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When using the Z-scores to define the extent of the increase
compared to the general population, the reduced motivation
subscale is the only subscale showing a larger increase in men
than women with 22q11.2DS. Total MFI score and other subscales
have an increase that is as large or larger in women with 22q11.2DS.

Somatic Factors Associated With 22q11.2DS
Involved in the Development of Fatigue

Data included recent and extensive cardiac histories for 26 out of 29
(90%) participants. Only two subjects had a significant deterioration
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of the cardiac function with an ejection fraction below 60%. Recent
measurements of thyroid function (<1 year) were present for 13
participants, of which three were being treated for hypothyroidism.
Recent blood control showed a stable thyroid function in two of
these three participants. Adults with 22q11.2DS also have a higher
risk of developing anemia and thrombocytopenia, mostly caused by
an autoimmune reaction. Data included recent measurements of
these blood cell typesin 15 of the participants with four having a mild
form of anemia and eight having a mild form of thrombocytopenia.

Since adults with 22q11.2DS are known to have a higher risk of
developing obesity, a linear regression was performed to examine
the relation between MFI subscales and BMI. A significant associa-
tion was found between BMI and subscales general fatigue, physical
fatigue, and total MFI score (Table IV). A higher BMI was
associated with higher levels of general and physical fatigue and
a higher total MFI score (Fig. 2A and B).

Seven out of 17 participants demonstrated significant depressive
symptoms determined by the BDI. Five participants showed
mild symptoms, one had moderate depressive symptoms, and
one reported severe depressive symptoms. An adapted BDI
(BDIc) was used to look at the association between depressive
symptoms and MFI scores. Spearman correlation between BDIc
and MFI scores showed a significant and strong correlation with the
subscale general fatigue and total MFI score. A moderate correla-
tion was found between BDIc and the subscales cognitive fatigue,
physical fatigue, and reduced activity (Table IV). Surprisingly, no
significant correlation was found between BDIc score and the
reduced motivation subscale of the MFI. A linear regression
equation that predicted total MFI score based upon the Ln of
the BDIc score (F(1,27) = 18.8, P=10.001) showed an R* of 0.56
(Fig. 2G).

A Spearman correlation found a significant negative correlation
between total MFI score and the general QoL score, psychological
health score, and environment score (Table IV). A simple linear
regression was performed for each of these correlations
(Fig. 2C and Table IV). The regression equation for psychological
health (F(1,12) = 6.34, P=0.03) showed an R* of 0.37 (Fig. 2C).
Based on Cook’s distance we identified one outlier that had an
important impact on the regression equation. When excluding this
outlier our regression equation for psychological health predicted
from total MFI score (F(1,11) =11.53, P=0.007) increased to an
R” 0f 0.54. These results identify a significant relation between total
MFI score and QoL. Higher scores on the MFI, indicating a higher
level of fatigue, were associated with a lower psychological health,
lower perceived quality of the environment (R*=0.36), and a
lower general score for QoL (R?=0.36).

When focusing on the MFI subscales a significant negative
Spearman correlation and a negative linear regression equation
was found between the general fatigue subscale and the general QoL
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score as well as the psychological health score (Table IV). Simple
linear regression (Fig. 2D) predicted a decrease of general QoL
score (R>=0.43) and psychological health score (R?=0.50) when
the MFI general fatigue subscale score is increased.

Furthermore, we found two other significant negative Spear-
man correlations. First, we found a significant negative correla-
tion between the MFI reduced activity subscale and the perceived
quality of social relationships. Secondly, we found a significant
negative correlation between the MFI reduced motivation sub-
scale and the perceived quality of the environment (Table IV). A
simple linear regression predicted a lower quality of social
relationships in the case of higher reduced activity subscale scores
(R* of 0.61). A similar relation was found with a higher MFI
reduced motivation score predicting lower perceived quality of
the environment (R of 0.42).

This exploratory study is the first in objectifying the frequent
complaint of fatigue in (young) adults with 22q11.2DS. The
presence of higher levels of fatigue was confirmed based on MFI
scores. The symptoms of fatigue include both physical and mental
aspects. In addition, the level of fatigue has a major impact on daily
activity and motivation. Although subscale scores of the MFI are
not as high as typically seen in adults with chronic fatigue syndro
me (CFS), about 10-20% of the adults with 22q11.2 DS show
subscale scores as high or higher than mean MFI subscale scores in
adults with CFS [Lin et al., 2009].

Similar to the general population, women with 22q11.2DS have
higher scores on the MFI than men. The one exception in this study
were men with 22q11.2DS scoring higher on the reduced motiva-
tion subscale of the MFI. A possible explanation for this exception
could be found in characteristics that are more prevalent in men
with 22q11.2DS than women. For example, a high prevalence of
ADHD in boys with 22q11.2DS has been described as a failure to
give close attention to detail, failure to follow instructions, and a
reluctance to engage in tasks that require sustained mental effort
[Antshel et al., 2007; Schneider et al., 2014]. The fatigue might
increase the existing difficulties with sustained mental effort. As
obstacles seem to increase over time, men with 22q11.2DS (already
experiencing more difficulties with sustaining their attention than
women with 22q11.2DS) might be more affected by the fatigue in
performing complex cognitive tasks. Therefore, they might expe-
rience less motivation to overcome those obstacles.

An important question was to what extent somatic disorders
play a role in the development of fatigue in adults with 22q11.2DS.
Since only a limited amount of data with a low prevalence was
available for the study group, no extensive analysis could be
performed. To answer this question in future studies a standardized
somatic evaluation in every study participant, including (para)
thyroid function and blood cell counts, should be performed at the
same time point as the fatigue measurement. A significant positive
relation was found for BMI with the physical fatigue subscale as well
as the general fatigue subscale. Obesity and higher levels of fatigue
seem to be associated. The direction of this association can have an
important impact on treatment. If being obese causes fatigue, a
combination of dietary interventions together with physical



VERGAELEN ET AL.

rehabilitation might not only reduce the health risks that accom-
pany being obese, but also reduce the fatigue in adults with
22q11.2DS. On the other hand, if the fatigue is causing the obesity,
etiology and treatment of fatigue could become an important part
of handling the weight problems in adults with 22q11.2DS.

Although only a subgroup of participants (7/17) reported rele-
vant depressive symptoms, the high correlations between BDIc and
MEFI scores do suggest a relation between fatigue and depression in
adults with 22q11.2DS. Based on our findings, assumptions about
the nature and direction of this relation cannot yet be made. Results
suggest that either depressive symptoms play a role in the devel-
opment of fatigue within this population or that the presence of
fatigue makes adults with 22q11.2DS more vulnerable to develop a
depression.

Although the four items on the reduced motivation subscale
(having plans; feeling like doing all sorts of nice things; dreading
having to do things; not feeling like doing anything) intuitively
seem to be the closest related to depressive symptoms, this
subscale is surprisingly not significantly correlated with the
BDIc. The reason for this might be a lack of power, but it is
also possible that the reduced motivation subscale is identifying
another cognitive/emotional process that seems to be impaired in
association with the fatigue. These results emphasize that besides
mood and anxiety disorders other cognitive and emotional
factors can play a role in fatigue. Also, reduced motivation in
this population should not be too easily interpreted as a symptom
of depression.

Taking into account the known psychiatric vulnerability in
adults with 22q11.2DS, the results of this preliminary study do
imply that it is important to determine if the fatigue is contributing
to the psychiatric vulnerability or rather caused by it. Recent
research investigating fatigue and psychiatric disorders such as
major depressive disorder is focusing on the role of endocrinologi-
cal as well as immunological factors in their development. Several
psychiatric disorders including depression and schizophrenia have
been associated with changes in the stress system and a pro-
inflammatory state of the immune system [Gibney and Drexhage,
2013; Gold et al., 2015]. Also, a variety of abnormalities of the
immune system have already been found in patients with CFS
[Lorusso et al., 2009]. In addition, not only thyroid disorders, but
also pituitary and adrenal disorders are associated with fatigue
[Kaltsas et al., 2010]. A different approach focusing on the combi-
nation of physical measurements and psychological symptoms
could contribute to understanding the development of fatigue
and the interaction with the psychiatric vulnerability in adults
with 22q11.2DS. In addition it could help understand the role of
endocrine and immune systems in the development of fatigue.

Fatigue has an important association with QoL, even in this
relatively small sample size. The impact of fatigue seems to be
higher on psychological and environmental factors, but not on
physical quality of life. Another important observation is the
relation between reduced activity and lower quality of social
relationships. As adults with 22q11.2DS already have difficulties
with socialization and developing social skills, fatigue causing
reduced activity might aggravate the impact of this deficit.
Although not measured in this study, several participants reported
that the fatigue severely impacts their level of daily functioning

with an increased amount of sleep, problems concentrating at the
end of a workday, and the need to limit the amount of activities in
a day. The impact on QoL does seem to support this and is in
accordance with the questions and concerns reported by patients
and their families.

This study was performed with a small sample size and did not
include a healthy age-matched control population. Confirming
these results in a larger group of adults with 22q11.2DS is war-
ranted. The question regarding the role of somatic pathology in
fatigue in 22q11.2 DS could not be answered because the prevalence
of cardiac, hematological, and endocrinological pathology was too
low in the available data. Medication and quality of sleep, both
factors known to cause fatigue, were not included in our report.
QoL data were only available in a subgroup of our patients so data
should be interpreted with caution.

In summary, our results show a high prevalence of fatigue in
(young) adults with 22q11.2DS and an association of fatigue
with BMI, depressive symptoms, and quality of life. These results
confirm the clinical observations and support the reported impact
of this fatigue on daily life functioning. The evaluation of fatigue
should be an important part of the multidisciplinary follow-up in
adults with 22q11.2DS already from the age of 18 years on.
Clinicians need to be aware of this symptom. They should perform
a good clinical examination combined with the necessary inves-
tigations (weight, blood cell counts, immune function, (para)
thyroid function, and cardiac function) to diagnose and treat
known somatic causes for which 22q11.2DS adults have a higher
risk. Furthermore it is important to pay attention to the presence of
psychiatric diseases such as a major depressive disorders. Further
research into the role of specific causes of fatigue in 22q11.2DS is
necessary to help develop preventive strategies. Investigating the
role of several somatic and psychiatric disorders that have a high
prevalence within this population might help elucidate the etiology
of the fatigue.
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