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Abstract

Background: Cystic fibrosis (CF) is a chronic life-threatening disease. In patients who suffer from chronic disease, Attention Deficit Hyperactivity
Disorder (ADHD) is associated with functional impairment that can affect adherence to treatment and consequently influence prognosis.
Methods: CF patients filled in the ADHD Rating Scale (ADHD-RS) adapted to the DSM5 and were assessed on a continuous performance task
(MOXO-CPT), a standardized-computerized test designed to evaluate several domains of attention.
Results: Of the 175 patients (99 males), 18% presented ADHD symptoms, according to ADHD-RS; 16% in the younger group (b18 years), and
18.9% in the adult group. The male to female ratio was 3:1 in children and 1:1 in adults.
Conclusions: The occurrence of ADHD symptoms in patients with CF is substantially higher than in the general population and should be
recognized as a co-morbidity of CF. As ADHD can impair adherence to therapy, further research is needed to investigate the effect of ADHD
therapy on adherence.
© 2017 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Cystic fibrosis (CF) is the most common inherited disease,
with a carrier frequency of 1:25 in the Caucasian population.
Recurrent respiratory tract infection and chronic airway inflam-
mation are the hallmark of CF lung disease [1], and patients must
dedicate time and energy to manage all manifestations of their
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illness. Treatment includes daily respiratory physiotherapy, 3–6
inhalations per day, multiple oral medications, and intermittent
intravenous antibiotic therapy. During exacerbations patients
usually visit the CF center more often, require more intensive
treatment and sometimes hospitalization is necessary, which
disrupts the patient's and their families' daily life routine.

Intensive treatment is important for the prognosis of CF
patients [2]. Treating a child with CF is a great burden for
parents and family, especially during adolescence [3]. This is
extremely important since family function and intra-familial
relationships have a direct influence on treatment success [4].
Moreover, patients who suffer from chronic disease are more
ll rights reserved.
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likely to have psychiatric/behavioral comorbidities [5–6].
Much effort has been made to improve the quality of primary
care for patients with CF, but not enough is known of the
association between this chronic health condition and cognitive
performance factors such as attention deficit [6].

Attention deficit hyperactivity disorder (ADHD) is a neuro-
developmental disorder [7], with an estimated prevalence
worldwide of 5%–7% [8]. It is becoming clear that at least in
some patients, inflammatory responses in the brain as a result of
different postnatal environmental and genetics risk factors may
play a significant role in human behavior in general and in
ADHD in particular [9,10]. Thus, although the etiology of
ADHD is neurobiological, previous studies have reported
increased inflammatory markers in ADHD, suggesting a possible
association with chronic inflammatory illnesses [11].

When patients who suffer from ADHD have to deal with a
complicated and life threatening disease such as CF, it can affect
adherence to treatment and consequently prognosis [12].
Nevertheless, few studies have investigated the influence of
ADHD on treatment and prognosis in patients with CF [13]. We
hypothesized that ADHD symptoms could cause deterioration of
the root illness as a result of treatment adherence failures (e.g.,
forgetting, executive functioning deficits, difficulty organizing
and following a schedule). The goal of this study was to
determine the rate of ADHD symptoms in children and adults
with CF and test for associations with medical variables.
2. Patients and methods

2.1. Participants' demographics

One hundred and seventy-five patients, 99 males (56.6%)
and 76 females (43.4%), from four CF centers (3 in Israel and 1
in Spain) participated in this study. The median age of the
participants was 18 years, with an average of 20.85 (SD 12.02).
The forced expiratory volume in one second (FEV1)%
predicted for 147 patients (28 with missing data) was 77.7%
(SD 22.25) and the mean body mass index (BMI) percentile
was 48.7 (SD 28.3). Out of 170 patients (5 cases of missing
data), 83 (47.4%) were chronically infected with pseudomonas.
Patients with CF ≥ 6 years old were included in this study.
Participants were recruited at three CF centers in Israel
(Hadassah-Hebrew University Medical Center, Jerusalem,
Graub CF Center of the Schneider Children's Medical Center,
Petach-Tikva, and the Ruth Rappaport Children's Hospital,
Rambam Health Care Campus, Haifa), and one CF Center in
Spain (Hospital Universitari Vall d' Hebron, Barcelona).
Informed consent was obtained from all participants above
18 years old and from parents of participants under 18. All
protocols were approved by each hospital's Institutional
Review Board (Helsinki Committee). Patients who had
previously been diagnosed with ADHD (fulfilling ADHD-RS
criteria) were included in the positive group. None of these
patients were being treated with stimulants or any other
ADHD-related medications on a regular basis, for reasons that
are beyond the scope of this study.
Please cite this article as: Cohen-Cymberknoh M, et al, Attention deficit hyperactivity
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Each participant included in the study was evaluated as
follows:

1. ADHD symptoms were assessed using a validated ADHD
Rating Scale (ADHD-RS) [14,15] that has been translated
and used in Israel as reported in previous studies [16–18] for
children [14] and adults [15].

This 18-item ADHD Rating Scale, incorporates changes to
the Diagnostic and Statistical Manual of Mental Disorders [7],
and is comprised of two sub-scales that assess inattention (nine
items) and hyperactivity/impulsivity (nine items) symptoms.
The questionnaires were completed as a function of the age
group: for children aged 6 to 11, both parents were asked to fill
out the ADHD-RS [14]; with both parents' responses needing
to be elevated for the child to be counted as ADHD positive; for
adolescents, ≥12 to17, a parent form and an individual-patient
form was used [14,15], both questionnaires needed to be
ADHD positive; for adults ≥18 years old, an independent form
was completed [15].

2. Participants then took a continuous performance task (CPT)
in a ventilated room under special infection-control proce-
dures as required. The MOXO-CPT [16] is designed to
diagnose ADHD related symptoms. This CPT (Neuro-Tech
Solutions Ltd) is a standardized, language free, computer-
ized test, which is internationally accepted and validated. It
is made up of a combination of tasks based on an algorithm
designed to test several domains of attention. The partici-
pants are required to sustain their attention over a continuous
stream of cartoon stimuli and to respond to a pre-specified
target, but it also includes visual and auditory stimuli serving
as measurable distractors [17]. The MOXO-CPT has norms
for a large age range (children, adolescents and adults). In
previous studies the MOXO-CPT consistently distinguished
between children, adolescents and adults with ADHD and
their unaffected peers, in that ADHD patients performed less
well than controls in all study indices [16–18].

Demographic and clinical data was extracted from patient
files. We analyzed characteristics of CF that are known to be
associated with the severity of the disease including pulmonary
function testing, measured by FEV1 percent predicted,
nutritional status represented by the BMI percentile adjusted
to age and gender, and the presence of chronic Pseudomonas
aeruginosa colonization in the sputum [19], defined by Leeds
criteria: airway samples which are pseudomonas positive in
N50% of the explored months [20]. The clinical data were
analyzed and comparisons were conducted across patients.

2.2. Data analysis

Analysis of the ADHD-RS as defined in DSM 5: in order
to fulfill the diagnostic criteria for ADHD, children needed to
exhibit at least 6 symptoms compatible with an ADHD pattern
of inattention and/or hyperactivity-impulsivity. In patients
≥18 years old, five of the symptoms were considered sufficient
disorder symptoms in patients with cystic fibrosis, J Cyst Fibros (2017), https://
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to fulfill the DSM-5 criteria for diagnosis. Moderate or severe
symptoms were used to meet symptom count in this study. We
compared the MOXO-CPT results to those of the ADHD-RS
questionnaires to further confirm the results. Note that we did not
use the MOXO-CPT results to reach a final diagnosis and that the
only criterion for a positive diagnosis of ADHD characteristics
was the ADHD-RS analyzed as explained above.

2.3. Statistical analysis

To test for associations between two categorical values, the
Chi square test or the Fisher's exact test were used. All tests
applied were two-tailed and a p-value of 5% or less was
considered statistically significant.

3. Results

3.1. Results of the ADHD Rating Scale (ADHD-RS)

Thirty- one participants (17.7%) were found to be positive
on the ADHD-RS. When the population was split into two age
groups of below and above age 18, the results remained similar:
in the adult group, 18 out of 95 (18.9%) of the participants
manifested ADHD related symptoms, whereas in the below age
18 group, 16% presented with ADHD related symptoms.
Analysis according to gender and age indicated that the male:
female ratio was 3:1 in children and 1:1 in adults (b18 and≥18
respectively).

3.2. Results of the MOXO continuous performance task
analysis (MOXO-CPT)

One hundred and forty seven participants completed the
MOXO-CPT. Of these, 27 (15.4%) were found to be positive
(≥3 categories that were b1.5 standard deviations from the
normal population) [17]. Twenty two percent of the males and
6.6%of the females who participated were found to be positive
for this CPT. This difference in gender was statistically
significant (p = 0.005). Moreover, impairments in attention,
timing, and impulsivity were found more frequently in males
than in females (32% vs. 14%, p = 0.013; 49% vs 30%, p =
0.024 and 47% vs 19%, p b 0.001, respectively).

We then tested for correlations between clinical parameters
of CF severity at the time of the CPT and the total CPT results
(as explained above) and each MOXO-CPT sub-group
individually.

3.2.1. Analysis of CF severity
The participants were divided into two groups: positive or

negative, according to their results on both the questionnaires and
the MOXO-CPT results. As mentioned above, the MOXO-CPT
results were not used to determine the final diagnosis, thus the
only criterion for a positive diagnosis of ADHD symptoms was
the result of the ADHD-RS analyzed as explained above and as
required by the DSM-5. To further confirm the results, we
compared the results of the positiveMOXO and the questionnaire
Please cite this article as: Cohen-Cymberknoh M, et al, Attention deficit hyperactivity
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for each patient, and analyzed the clinical data in patients who
were positive for both.

In the analysis of the group who were positive on both the
MOXO-CPT and ADHD-RS vs. those who were not positive
on both measures, the negative group had a lower mean BMI
%tile than the positive group (44.61 vs. 55.7 respectively; p =
0.031). In the other sub-group analyses, no differences were
found between the groups in terms of the average FEV1%
predicted, BMI %tiles or chronic pseudomonas infection.

4. Discussion

The results indicate a substantially higher rate of ADHD
symptoms among patients with CF compared to the rate in the
general population as appeared in the literature (5–7.2% among
children) [7,8], and 2.5% among adults [7]. Even when divided
into two age groups, b18 and ≥18 years old, the results
remained substantially different for each age group [7,8].
Patients who suffer from co-morbid ADHD symptomatology in
addition to chronic diseases may experience greater difficulty in
controlling their primary disease. Therefore, it is important to
identify and diagnose patients with CF and ADHD. To the best
of our knowledge, this is the first multicenter study analyzing
the rate and the symptoms of ADHD in children and adults
suffering from CF. The therapy in patients with CF is constant,
time-consuming and burdensome. Adherence to therapy in CF
is therefore challenging, the importance of which is emphasized
by the association with prognosis [12].

Attention deficit hyperactivity disorder (ADHD) is associ-
ated with functional impairment in multiple settings including
self-care. Studies have shown increased rates of ADHD among
patients suffering from chronic diseases such as atopy, asthma
and allergic rhinitis [21]. Increased inflammatory markers in
ADHD suggest a probable association with chronic inflamma-
tory illnesses [9,10]. The neuroimmune hypothesis suggests
that pro-inflammatory cytokines cross the blood-brain barrier
and activate neuro-immune mechanisms that are involved in
behavioral and emotional brain circuits [22]. Often, the nervous
system is not considered an affected organ in CF. [23]
However, chronic inflammation characterizes CF lung disease
and may trigger ADHD symptoms in susceptible patients.

The prevalence of ADHD in the healthy population changes
with age. Studies suggest a prevalence rate of 2–6% in the
healthy adult population [24], whereas ADHD related symp-
toms tend to decline with age. Importantly, in our CF patients,
there was a higher rate of symptoms associated with ADHD
compared to the prevalence reported in the general population
in all age groups, especially in adults, specifically in males
(similar to the childhood data). One possible explanation might
be the prolonged exposure to inflammatory processes among
adult CF patients. We believe that the high rate in our adult
population may be related to the continuous and progressive
course of disease in CF. Unexpectedly, we found no clinical
factors that were associated with ADHD symptoms such as
pulmonary function, nutritional status and chronic pseudomo-
nas infection. Similar to our results, a recently published study
[25], which analyzed the prevalence of ADHD in 53 adults,
disorder symptoms in patients with cystic fibrosis, J Cyst Fibros (2017), https://
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found no differences between patients with or without elevated
ADHD scores in terms of BMI and/or FEV1% predicted.
ADHD is believed to have a genetic background [26], and it is
likely that patients with a genetic predisposition to ADHD, who
are exposed to the disease burden, inflammation, stress and
other factors are at higher risk of developing ADHD symptoms.

When assessing the ability of an ADHD patient to cope with
routine daily tasks, a number of impairments can be identified.
For example, behaviors thought to be associated with inattention
are poor school performance and difficulty in completing tasks,
while those associated with hyperactivity and impulsivity can
manifest as behavioral problems such as delinquency, excessive
talking and hasty decision-making. These manifestations associ-
ated with ADHD constitute a great burden on the CF patient in
addition to the other daily therapeutic obligations related to their
primary disease. Therefore, early diagnosis of ADHD symptoms
in patients with CF might be crucial in helping them deal with
their daily regimen.

“Although the nervous system is not traditionally viewed as
an organ affected in CF, limited evidence suggests that it is
impacted and might contribute to CF pathogenesis. It is well
accepted that chloride transport greatly modifies neuronal
activity. Thus it is predicted that the presence or absence of
CFTR within the nervous system might influence neuronal
function”, as concluded by Reznikov [23]. If so, the adult CF
brain which functions under these abnormal conditions, may be
more affected than that of children with CF. However, further
studies are needed to demonstrate clearly whether and how CF
pathophysiology is associated with ADHD characteristics, with
or without gender differences, through neuronal pathways.

To date, most ADHD patients respond to stimulants in
combination with behavioral therapy [27]. At the same time, it
is known that some treatments for the management of ADHD
differ both clinically and in terms of their statistical success.
Anti-inflammatory agents are not currently considered appro-
priate. The current results highlight the urgent need for
high-quality randomized trials of the multiple treatments of
ADHD in children and adolescents who suffer from chronic
disorders.

This is the first multicenter study including a large cohort of
children and adults with CF and symptoms of ADHD.
Nevertheless, this study has some limitations. The diagnosis of
ADHD is limited since as previously described, [17,18] the full
diagnostic procedure of ADHD involves multistep procedure:
1. completion of questionnaires separately by the patient or child
and parent (before the interview and not as part of the interview),
2. a semi-structured interview, which in most clinics is accepted
as the “gold standard”, 3. a neurological examination and 4.
further tests (CPT, psychological evaluation etc. as needed). Here
only 2 steps were completed. Therefore, we could only describe
ADHD symptoms and could not make a full ADHD diagnosis.
Moreover, as the MOXO-CPT results are not sufficient in
themselves to establish a diagnosis, we used these results solely
to further confirm the positive ADHD-RS results and as a factor
to consider in the context of a full clinical evaluation. In addition,
we have no data on adherence to CF therapy, or evaluations of
whether standard ADHD therapy is effective in these patients.
Please cite this article as: Cohen-Cymberknoh M, et al, Attention deficit hyperactivity
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We hope that the current study will thus trigger further
investigations in this field of chronic diseases, CF in particular,
and ADHD.
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