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ABSTRACT

Aim: To assess a patient empowerment program (PEP) for children/adolescents with primary
immunodeficiency (PID) on IgG replacement therapy regarding quality of life (QoL) in patients and
proxy. Patients & methods: Health-related QoL was assessed using KIDSCREEN-27 and DISABKIDS-
37 before and 6 months after PID-PEP kids in 19 children/adolescents and their parents. Results: The
following three dimensions of the KIDSCREEN-27 significantly increased in children/adolescents after
PID-PEP kids as compared with baseline: Psychological Well-Being, Parents & Autonomy and School
Environment. Total DISABKIDS-37 index, as well as 5 of the 6 DISABKIDS-37 dimensions, significantly
increased, in other words, Independence, Emotion, Social Inclusion, Social Exclusion and Physical.
Evaluation of proxy instruments showed comparable results. Conclusion: PID-PEP kids significantly
improved QoL in patients with PID.
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Plain language summary:

Whatis this study about?: This study evaluated a patient empowerment program (PEP) for children
and adolescents with primary immunodeficiency (PID) on immunoglobulin replacement therapy.
The goal was to see if the program improved quality of life (QoL). Two commonly administered
questionnaires were used to measure QoL before and 6 months after participating in the program.
What were the results?: Significant improvements were found in several dimensions including
Psychological Well-Being, Parents & Autonomy and School Environment. Additionally, overall QoL
scores and dimensions such as Independence, Emotion, Social Inclusion, Social Exclusion and
Physical also improved. Assessments by the parents confirmed these findings.

What do the results mean?: The PID-PEP kids program significantly improved the QoL for these
young patients.

1. Background Various parts of the immune system can be affected
resulting in an increased susceptibility to infections in
the majority of patients [2]. B-cell development and/or
maturation defects that result in primary antibody defi-
ciency form the largest subgroup of PID [2]. Recurrent res-

Primary immunodeficiency (PID), recently termed Inborn
Errors of Immunity, comprises a rare and heterogeneous
group of more than 485 genetically defined diseases [1].
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piratory and gastrointestinal tract infections significantly
contribute to increased morbidity and mortality in these
patients [3]. Intravenous or subcutaneous immunoglob-
ulin G (IgG) replacement reduces the incidence of infec-
tions [3]. PID patients have a significantly decreased qual-
ity of life (QoL) not only compared with healthy controls
but also to patients with other chronic diseases [4,5].

QoL in children/adolescents can be evaluated in clini-
cal settings by various instruments. KIDSCREEN-27 is a 27-
item questionnaire that assesses the subjective health, as
well as the psychological, mental and social well-being of
children/adolescents between 8 and 18 years of age [6—
8]. Both healthy and ill children/adolescents can com-
plete the KIDSCREEN-27 themselves (self-assessment) [6—
8]. A corresponding parent version enables proxy assess-
ment by parents or other care givers [6-8]. In contrast to
KIDSCREEN-27, DISABKIDS-37 has been exclusively devel-
oped for children/adolescents with chronic medical con-
ditions [9,10]. It is a generic, non-disease-specific QoL
assessment tool comprising 37 items which has been
validated within a European cross-cultural multi-centre
study [9,10]. Similar to KIDSCREEN-27, DISABKIDS-37
enables self- and proxy assessment [9,10]. More recently,
cross-nationally tested condition-specific modules of the
DISABKIDS-37 were developed for asthma, juvenile idio-
pathic arthritis, atopic dermatitis, cerebral palsy, cys-
tic fibrosis, diabetes mellitus and epilepsy, but not for
PID [11].

There is broad consensus that QoL in PID patients
is significantly reduced due to recurrent infectious
episodes, other chronic health issues, social determi-
nants and stress [4,5]. Patient empowerment programs
(PEP) may improve QoL by providing patients with more
control regarding decisions and treatment options affect-
ing their health [12]. In agreement with this hypothesis,
it was recently reported that QoL and treatment satisfac-
tion significantly improved 6 months after participating
in a primary immunodeficiency-patient empowerment
program (PID-PEP) in 26 adult PID patients as com-
pared with baseline levels [13]. However, no study so
far has assessed whether PID-PEP improves QoL also
in children/adolescents. Therefore, changes in QoL
before and 6 months after participation in PID-PEP for
children/adolescents (PID-PEP kids) were evaluated
in the present study in 19 children/adolescents with
PID. We hypothesized, that PID-PEP kids would signifi-
cantly improve QoL assessed by both KIDSCREEN-27 and
DISABKIDS-37 and in both children/adolescents and their
caregivers.

2. Patients & measurements
2.1. Patients & PID-PEP kids

PID-PEP kids was established in 2007 in Germany by
members of the Task force Paediatric Immunology

Table 1. Baseline characteristics of the study population.

All subjects (n = 19)

Age (years) 10(3)
Gender
- Male 12 (63)
- Female 7 (37)
Duration of IgG treatment (years) 3(3)
Ethnic background
- Caucasian 17 (90)
- Asian 1(5)
- Other 1(5)
IgG treatment ever and current
- Intravenous and subcutaneous 9(47)
- Intravenous 5(26)
- Subcutaneous 5(26)
IgG treatment location ever and current
- Hospital/ outpatient care unit 5(26)
- Hospital/ at home 13 (68)
- At home 1(5)
Type of immunodeficiency
-CVID 5(26)
-Cib 3(16)
- APDS 3(16)
- ARA 1(5)
- Complement deficiency 1(5)
- Specific antibody deficiency 1(5)
— XLF/Cernunnos deficiency 1(5)
- Other primary antibody deficiency 4(21)

Values for mean (SD) or total number (percentage) are shown.

APDS: Activated PI3K delta syndrome; ARA: Autosomal recessive
agammaglobulinaemia; CID: Combined immunodeficiency; CVID:
Common variable immune deficiency; XLF: XRCC4-like factor.

(Arbeitsgemeinschaft Padiatrische Immunologie, API).
The program for adults has been described in more detail
recently [13]. In brief, the program is provided in a sem-
inar venue as a weekend course by a multidisciplinary
team consisting of physicians specialized in PID, psychol-
ogists and nurses specialized for patients with PID and IgG
replacement therapy. It comprises three general modules
and three disease-specific modules. The German curricu-
lum of PID-PEP kids is available online [14].

Before and 6 months after participating in PID-PEP
kids, QoL was assessed in 19 children/adolescents with
PID receiving IgG replacement. No family with more than
one affected child/adolescent was evaluated in the cur-
rent study. PID-PEP kids is established for complete fami-
lies, in other words, the patients, as well as their non-PID-
affected siblings and parents. However, QoL question-
naires were completed exclusively by the patients and
one parent at all time points. The study was approved by
the ethics committee of Hannover Medical School (ethical
approval number: 640-2009) and all subjects gave writ-
ten informed consent before participating. Table 1 sum-
marizes baseline characteristics of the study population.

2.2. KIDSCREEN-27 & DISABKIDS-37 before & at
6 months after PID-PEP kids

KIDSCREEN-27 is a well-known, easy-to-use, generic
multi-item scale QoL instrument for children/adolescents



measuring five separate dimensions: physical well-being,
psychological well-being, parents & autonomy, social
support & peers and school environment [6-8]. These
KIDSCREEN-27 health dimensions were transformed to a
0 (=worst status) to 100 (=best status) scale [6-8]. The
KIDSCREEN-27 was completed by patients, as well as their
parents/proxy, before and 6 months after PID-PEP kids.

DISABKIDS-37 is another well-known, easy-to-use,
generic multi-item scale QoL instrument which has
been exclusively developed for children/adolescents with
chronic medical conditions [9,10]. It assesses six sepa-
rate dimensions: independence, emotion, social inclu-
sion, social exclusion, physical and medication [9,10]. Fur-
thermore, a total DISABKIDS-37 index was calculated as
a summary measure over all 37 items. The DISABKIDS-
37 dimensions and the total index were transformed to
a 0 (=worst status) to 100 (=best status) scale [9,10].
For patients younger than 8 years (n = 4), KIDSCREEN-
27 and DISABKIDS-37 were only completed by par-
ents/proxy. Two children/adolescents did not complete
these questionnaires. Proxy evaluation was available for
all 19 patients for KIDSCREEN-27 and for 18 patients for
DISABKIDS-37.

2.3. Statistical analysis

IBM SPSS software version 29 (IBM, Armonk, NY) was
used in all statistical analyses. Differences before and at
6 months after PID-PEP kids were assessed by Wilcoxon
signed-rank test. A p-value of <0.05 was considered sta-
tistically significant in all analyses.

3. Results

3.1. Several KIDSCREEN-27 dimensions significantly
improve after PID-PEP kids

In children/adolescents, mean (standard deviation (SD))
values increased significantly 6 months after PID-PEP kids
as compared with baseline in three dimensions, in other
words, Psychological Well-Being increased from 52 (13) to
56 (14) (p = 0.017), Parents & Autonomy from 53 (13) to
57 (12) (p = 0.007) and School Environment from 52 (16)
to 57 (12) (p = 0.012) (Table 2). Mean values for the other
two dimensions, in other words, Physical Well-Being and
Social Support & Peers, also numerically increased. How-
ever, these changes did not reach statistical significance
(Table 2).

In line with the findings in children/adolescents, mean
(SD) dimensions for Psychological Well-Being and Parents
& Autonomy also significantly increased from 46 (11) to
50 (12) (p = 0.033) and from 54 (6) to 58 (9) (p = 0.033),
respectively, in the proxy assessments (Table 2). Mean
(SD) value for Social Support & Peers also significantly

IMMUNOTHERAPY 3

Table 2. KIDSCREEN-27 dimensions in children/adolescents
and parents/proxy before and 6 months after PID-PEP kids.

Before After p-value
Children/adolescents (n = 13)
Physical Well-Being 48 (15) 50(11) 0.110
Psychological Well-Being 52(13) 56 (14) 0.017
Parents & Autonomy 53(13) 57 (12) 0.007
Social Support & Peers 49 (15) 53(10) 0.168
School Environment 52 (16) 57 (12) 0.012
Parents/proxy (n = 19)
Physical Well-Being 43 (14) 45 (10) 0313
Psychological Well-Being 46 (11) 50(12) 0.033
Parents & Autonomy 54 (6) 58 (9) 0.033
Social Support & Peers 46 (12) 53(10) 0.011
School Environment 50(10) 53(10) 0.116

Values for mean (SD) and number of subjects being evaluated (n) are
shown. Statistical significance was tested by Wilcoxon signed-rank test
and bold values indicate p < 0.05.

increased from 46 (12) to 53 (10) (p = 0.011, Table 2). In
contrast, mean values for Physical Well-Being and School
Environment numerically increased but did not reach sta-
tistical significance (Table 2).

3.2. Total & several DISABKIDS-37 dimensions
significantly improve after PID-PEP kids

In children/adolescents, the mean (SD) total DISABKIDS-
37 index significantly increased from 70 (20) at base-
line to 78 (17) 6 months after PID-PEP kids (p = 0.006,
Table 3). Mean (SD) values for five of the six DISABKIDS-
37 dimensions significantly increased after PID-PEP kids in
children/adolescents, in other words, Independence (70
(21) to 77 (17), p = 0.032), Emotion (71 (26) to 79 (17),
p = 0.036), Social Inclusion (68 (20) to 78 (14), p = 0.002),
Social Exclusion (78 (26) to 84 (21), p = 0.007) and Phys-
ical (69 (27) to 79 (21), p = 0.012) (Table 3). Medication
increased numerically but not significantly after PID-PEP
kids in children/adolescents (Table 3).

In line with the findings in children/adolescents,
the mean (SD) total DISABKIDS-37 index significantly
increased from 69 (17) at baseline to 74 (18) 6 months
after PID-PEP kids in the proxy assessment (p = 0.020,
Table 3). Furthermore, mean (SD) values for Emotion and
Medication significantly increased from 67 (22) to 76 (17)
(p =0.022) and 57 (24) to 69 (21) (p = 0.003), respectively
(Table 3). All other dimensions in the proxy assessment
except Independence numerically increased after PID-
PEP kids. However, statistical significance was not reached
(Table 3).

4. Discussion

To the best of our knowledge, this is the first study
to assess changes in QoL in children/adolescents with
PID after participating in a PEP (PID-PEP kids). In our
study, various dimensions of the KIDSCREEN-27 and the



4 M. FASSHAUER ET AL.

® Physical Well-Being

90
80
70
60

School Environment 50

Social Support & Peers

—e— Before PID-PEP kids

Psychological Well-Being

Parents & Autonomy

—e— After PID-PEP kids

Physical Well-Being

90
80
70
60

School Environment 50

Psychological Well-Being

Social Support & Peers

—e— Before PID-PEP kids

Parents & Autonomy

—e— After PID-PEP kids

Figure 1. Mean KIDSCREEN-27 dimensions in a German population-representative study, as well as in (A) children/adolescents with PID
(n = 13) and (B) their parents/proxy (n = 19) before and 6 months after PID-PEP kids.

Data taken from [19].

DISABKIDS-37 significantly improved after PID-PEP kids
as compared with baseline prior to the program. Since
almost all dimensions displayed higher mean values after
the program, statistical significance may have not been
reached due to the relatively small group size. The con-
cordant results between self and proxy reports suggest
a relatively homogeneous process that affected patients
and parents alike.

In the present study, both QoL assessment tools show
significant improvement in children/adolescents, as well
as in parents/proxy, for various dimensions. Of note, the
total DISABKIDS-37 index significantly increases in both
groups. In contrast to our current findings, other stud-

ies present more heterogeneous results between chil-
dren/adolescents and their caregivers [15-17]. Differ-
ences in diseases, type of intervention and observational
periods might well explain these different findings.

Our study supports recent evidence that 6 weeks after
participation in a PEP, health-related QoL is improved in
children with chronic asthma and their families [18]. Fur-
thermore, beneficial effects 6 weeks after participation in
PEP have also been reported for rare chronic conditions
including cystic fibrosis, phenylketonuria and chronic
inflammatory bowel disease [15]. Our study extends the
observed improvement of health related QoL to a sub-
stantially longer period of time after the PEP, suggest-



Table 3. DISABKIDS-37 dimensions in children/adolescents
and parents/proxy before and 6 months after PID-PEP kids.

Before After p-value
Children/adolescents (n = 13)
Total 70 (20) 78 (17) 0.006
Independence 70(21) 77 (17) 0.032
Emotion 71(26) 79 (17) 0.036
Social Inclusion 68 (20) 78 (14) 0.002
Social Exclusion 78 (26) 84 (21) 0.007
Physical 69 (27) 79 (21) 0.012
Medication 65 (27) 72 (22) 0.091
Parents/proxy (n = 18)
Total 69 (17) 74 (18) 0.020
Independence 77 (15) 76 (17) 0.849
Emotion 67 (22) 76 (17) 0.022
Social Inclusion 66 (17) 68 (23) 0.392
Social Exclusion 78 (18) 81(21) 0.074
Physical 67 (20) 73 (19) 0.050
Medication 57 (24) 69 (21) 0.003

Values for mean (SD) are shown. Statistical significance was tested by
Wilcoxon signed-rank test and bold values indicate p < 0.05.

ing that this healthcare intervention may have a relatively
long-lasting effect on everyday life of the patients and
their families. To our knowledge, there is no other study
in rare chronic conditions that has assessed the effect of
a PEP for a period of 6 months or beyond.

In recent years, patient-centered clinical medicine has
increased its focus on well-being of patients [12]. QoL is
an important complement to more traditional end points
such as mortality and morbidity. It is important to note
in this context that QoL assessed by the KIDSCREEN-
27 is markedly lower in all five dimensions for self, as
well as proxy, assessment in children/adolescents with
PID as compared with an age-related normal German
population-representative control group (Figure 1) [19].
The current findings of a beneficial effect by PEP supports
the integration of PEP into the services offered by health-
care providers. It is important to note that PID-PEP for
all age groups is now partly covered by German public
health insurance following a thorough validation of ben-
eficial effects that included the present and a recent [13]
study. The cost-effectiveness of PID-PEP kids should be
elucidated in future cost-benefit analyses.

A strength of the current study is a longer follow-up
period of 6 months which indicates that PID-PEP kids
might have sustainable effects on QoL. However, there
are limitations as to the lack of a control group, e.g., PID
patients only receiving written advice or being on a wait-
ing list and a rather small number of patients which is
due to the low prevalence of PID. QoL benefits of PID-
PEP kids can, therefore, not be proven by the current
results. However, over time QoL dimensions decrease
in patients with well-defined antibody deficiency syn-
dromes, in other words, Common Variable Immune Defi-
ciencies [4]. Future multi-center studies evaluating larger
patient cohorts with an adequate control group over a
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longer period of time will provide even more definitive
conclusions. Furthermore, DISABKIDS-37 is not validated
for patients with Inborn Errors of Immunity and this could
mislead the QoL results of these patients.

5. Conclusion

We show for the first time that QoL in chil-
dren/adolescents with PID significantly improves after
PID-PEP kids. Larger studies with an adequate control
group are necessary to confirm these findings. Future
studies need to address whether the positive effects of
PID-PEP kids are maintained over an even longer period
of time and whether QoL can be further increased by
repeated participation in PID-PEP kids.

Article highlights

« No study so far has assessed whether a patient empowerment
program (PEP) for children and adolescents with primary
immunodeficiency (PID) on IgG replacement therapy improves
quality of life (QoL).

Patients & PID-PEP kids

« Changes in QoL before and 6 months after participation in PID-PEP
for children/adolescents (PID-PEP kids) were evaluated in the
present study in 19 children/adolescents with PID and their
parents.

KIDSCREEN-27 & DISABKIDS-37 before & at 6 months after

PID-PEP kids

- Health-related QoL was measured using KIDSCREEN-27 and
DISABKIDS-37 questionnaires.

Several KIDSCREEN-27 dimensions significantly improve after

PID-PEP kids

« In KIDSCREEN-27, significant improvements were found in
Psychological Well-Being, Parents & Autonomy and School
Environment.

« Parents’assessments showed comparable results as in
children/adolescents.

Total & several DISABKIDS-37 dimensions significantly

improve after PID-PEP kids

« In DISABKIDS-37, the overall QoL index and specific dimensions
such as Independence, Emotion, Social Inclusion, Social Exclusion
and Physical showed significant improvements.

- Parents’assessments showed comparable results as in
children/adolescents.

Discussion

- This is the first study to assess changes in QoL in
children/adolescents with PID after participating in a PEP.

Conclusion

« The PID-PEP kids program significantly improved QoL in
children/adolescents with PID.

« Larger studies with an adequate control group are necessary to
confirm these findings.
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