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Abstract
Although fatigue is a common symptom in adult patients with Primary Immunode�ciencies (PID), data in
pediatric patients are limited. The goal of this study is to estimate the prevalence and impact of fatigue in
children with PID as reported by patients, parents and health-care providers.

A retrospective single center observational study was performed. Prevalence of fatigue was measured by
reviewing medical charts of 54 children in our department who are on immunoglobulin substitution
therapy. Both prevalence and impact were also measured by the PedsQL-Multidimensional Fatigue Scale
(MFS). This comprises age-appropriate questionnaire for self-report in patients aged 5-18 years and
parent proxy-reports for patients aged 2-18 years. General, cognitive, sleep-rest fatigue was measured and
a total fatigue score was calculated. Means, standard deviation and Z-scores were calculated using age-
speci�c reference values. Intraclass correlation coe�cients (ICC) were calculated for comparison of
scores provided by parents vs children’s self-reported scores.

Both chart review data and PedsQL-MFS showed fatigue rates of 65%. Pediatric PID patients of all ages
had signi�cantly lower scores on all subscales and total score of the PedsQL-MFS compared to healthy
children. General fatigue was the most affected subscale in PID patients; indicating fatigue of these
patients is mainly physical. Seventy-four % of PID patients had a Z-score lower than -1 on the General
fatigue subscale indicating severe fatigue. Child-parent concordance varied between 0.24 and 0.93. Our
results show high prevalence and severity of fatigue in children with PID, addressing the importance of
this issue in our patient care.

Introduction
Primary Immunode�ciency Disorders (PID) represent a group of over 400 rare disorders affecting the
immune system [1]. The exact prevalence of PID is not known, but in 2013, there were an estimated 6
million people living with PID worldwide [2]. Children with PID often present with recurrent or chronic
bacterial infections of the upper or lower respiratory tract (e.g. otitis media, sinusitis, pneumonia),
diarrhea and ‘failure-to-thrive’ [3]. Over the years there have been major improvements in the clinical care
of PID patients [4], especially due to improved awareness, earlier diagnosis, and appropriate
immunoglobulin (IgG) therapies that led to increased life expectancy [5-7]. Despite these improvements,
patients suffering from PID still report a poorer health-related quality of life compared to healthy controls
[8, 9]. They even report a worse quality of life compared to patients suffering from other chronic
conditions such as diabetes and juvenile idiopathic arthritis [10]. Seeborg et al. (2015) showed that over a
third of the PID patients perceived their health status as fair or poor to very poor with fatigue as an
important factor [11]. Severe fatigue contributes to impaired functional status, reduced school
participation, depression and poor health-related quality of life [12-14]. Fatigue does not only affect the
patient, but also has great impact on their family [13, 15, 16].
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A large study on fatigue in patients with PID was conducted by Hajjar et al.[17]. 2537 PID patients
registered in an American database were analyzed in order to identify associations and potential drivers
for fatigue. They found several indicators associated with higher rates of reported fatigue: a diagnosis of
Common Variable Immune De�ciency (CVID), female sexe, high body mass index, depression,
bronchiectasis and autoimmunity. A small part of the study population consisted of children: 19 children
were under the age of 8 years and 156 children between the age of 9 and 18 years. Fatigue in this study
was scored as present when it was checked (yes/no) as a constitutional symptom in the patient registry
form of the database. No differentiation in fatigue symptoms or parents' impressions were taken in
consideration. Other studies showed that in patients with PID, fatigue is more frequently reported by
patients who receive intravenous immunoglobulin treatment in comparison to patients who receive
subcutaneous infusions [18, 19]. These feelings of exhaustion are especially present immediately prior to
the patients’ next infusion [20]. This is called the ‘wear-off effect’ and is thought to be caused by low
trough levels of IgG [21, 22]. Nowadays the vast majority of our pediatric PID patients receive
subcutaneous immunoglobulin infusion, which provide steady IgG levels and might result in less fatigue.

The purpose of our study is to determine the prevalence of fatigue speci�cally in pediatric PID patients
treated with immunoglobulin substitution. Chart data were reviewed for patient characteristics and a
validated pediatric fatigue questionnaire in patients as well as their parents was used to compare severity
of fatigue to healthy peers and children with other chronic diseases.

Methods
In- and exclusion criteria

Children with a diagnosis of hypogammaglobulinemia; CVID, or X-linked Agammaglobulemia (XLA)
currently on immunoglobulin substitution therapy in our hospital were included in the study. Patients and
parents who did not have su�cient Dutch language skills to read the questionnaire were excluded (table
1).

Procedures

The �rst phase of our study was a chart review to repeat the research of Hajjar et al. in our paediatric
population. All medical and nursing consultations between 1 December 2015 and 1 December 2017 were
reviewed. Physicians and nurses have not been instructed to ask actively for fatigue in that period. Binary
scores (yes/no) of fatigue were assigned when chart reviews revealed complaints of fatigue and
additional information such as sexe, age and diagnosis was collected on the Case Record Form.
Furthermore ,hemoglobulin levels and Thyreoid Stimulating Hormone (TSH) when available in the review
period were scored and determined normal or abnormal according to age-matched reference values.

The second phase consisted of a postal survey using the PedsQL™ MFS in children aged 2-18 years in
order to quantify the presence and extent of fatigue among children with PID who use immunoglobulin
treatment. A child self-report as well as one parent’s proxy report was conducted.
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Measures

The PedsQL™ MFS is a generic questionnaire composed of 18 items comprising three subscales: General
Fatigue (GF), Sleep-Rest Fatigue (SRF) and Cognitive Fatigue (CF). Patients rated their problems over the
past four weeks, using a 5-point Likert scale from 0 (never) to 4 (almost always). For the child report for
young children (age 5 to 7 years) there is a 3-point scale: 0 (not at all), 2 (sometimes) and 4 (a lot). The
Dutch translation of the PedsQL™ MFS was previously validated in healthy children aged 2 to 18 years
old [23]. The scores obtained in these healthy children were used as reference values. In our population of
pediatric PID patients using immunoglobulin each item was reverse scored and lineary transformed to a
0-100 scale as follows: 0=100, 1=75, 2=50, 3=25, 4=0. The scale score is the sum of the items over the
number of items answered. Higher scores indicate fewer symptoms of fatigue. The total fatigue score
(TFS) is the mean of the 3 subscale scores (GF, SRF and CF). Patients as well as their parents were asked
to �ll in a questionnaire. Scores were converted into standardized Z-scores for comparison to reference
values using means and standard deviation for each age group provided by Gordijn et al [23]. A Z-score
on any scale or on the TFS lower than -1 was considered abnormal (more fatigued compared to healthy
peers).

Statistical analysis

Analyses were performed using SPSS 25.0 (IBM, Chicago, IL, USA). Kolmogorov-Smirnov test was used to
test whether data were normally distributed. Results of the binary score on fatigue symptoms based on
the chart review were compared with a Z-score equal to or less than -1 on the General Fatigue scale and
the TFS of the PedsQL™ MFS as provided by parents (proxy report) and patients (self-report) using
McNemar test. For comparison between self and proxy report on the PedsQL™ MFS intraclass correlation
coe�cients (ICC) were calculated. One-sample t-tests were used when comparing Z-scores (test value
=0). Independent sample T-tests were used for group comparisons. A p value of < 0.05 was considered as
being signi�cant.

Ethical considerations

The study protocol was approved by the Institutional Review Board of Erasmus MC, the Netherlands
(MEC-2018-1161). All patients and/or parents provided written informed consent.

Results
Patients inclusion and characteristics

After screening all patients on IgG substitution therapy (n=56) 2 patients were excluded from our study
because of using IgG therapy for a neurological diagnosis. All 54 eligible patients were included in the
chart review.

In total 46 child questionnaires and 50 parent questionnaires were distributed by mail (see �gure 1), of
which 27 and 32 were returned, respectively (response rates 59 and 64%, �gure 1). No signi�cant
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differences in patient characteristics were found between responders and non-responders. In total 1062
items (27 children and 32 parents x 18 MFSTM-items) were scored; 4 children missed a score on one item,
one parent failed to �ll out four items (missing item response rate: 0,8%). Sociodemographic
characteristics are presented in table 1. The average age of the respondents was 11 years. 91% of the
responders had normal values for hemoglobulin levels. TSH was abnormal in 2 patients; however in 53%
of the patients TSH was not measured on consultation (data not shown). Hypogammaglobulinemia and
CVID were the most common conditions in our population and 77% of the patients received Ig suppletion
via the subcutaneous route. Duration of immunoglobulin treatment was ≤2 years in 39% of the patients
whereas 43% of the patients have been treated with Ig therapy ≥ 5 years.

The chart review revealed that 64% of all children with PID on IgG substitution reported symptoms of
fatigue in one of the consultations during the study period of 2 years. These binary scores (fatigue
yes/no) were compared to the self-reported scores of patients on the subscale of General Fatigue (GF)
and to the Total Fatigue Score (TFS). Chart review binary score corresponded well with a Z-score <-1 on
the GF scale as scored by patients as well as their parents (McNemar test non-signi�cant p-values) but
not with a self-reported Z-score< -1 on the Total Fatigue score (McNemar p=0.021).

PedsQL ™ Multidimensional Fatigue Scale

All scores of the PedsQL™ Multidimensional Fatigue Scale (MFS) in the various age groups are
summarized in table 2 and compared with reference values. PID patients had overall lower scores on all
scales when compared to the healthy reference group; especially on the general fatigue scale. In general,
the scores of children and parents were in concordance, although children suffering from PID scored
themselves slightly higher (less fatigue) than their parents (table 2). Z-scores were calculated to correct
for standard deviation and age as is shown in table 3. General fatigue and TFS Z-scores were
signi�cantly lower in every age group and in the total group. General fatigue score differed most when
compared to healthy control scores.

There were no differences in Z-scores between male and female patients or between the different age
groups (data not shown). 20/27 (74%) patients had a Z-score <-1 on the GF-scale, indicating signi�cantly
more fatigue than their healthy peers. 13/27(48%) had a Z-score of < -1 on the TFS.

In young children self-reported vs proxy scores were profoundly different (intraclass correlation coe�cient
(ICC) of 0.24 in the toddler group) whereas scores of teenagers and their parents were fairly similar (ICC
0.93, table 4)

Discussion
Our study measures not only the prevalence, but also highlights the severity of fatigue in children with
PID. The chart-review based prevalence of fatigue in our pediatric PID population on IgG substitution
therapy was 64%, corresponding well with Z-scores less than -1 on the general fatigue score of the
PedsQL™ as scored by self-assessment and proxy-report by parents. This is a signi�cantly higher
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prevalence than reported in the American database study of Hajjar et al. who showed a prevalence of
26% of fatigue in U.S. patients with primary antibody de�ciencies [17] and comparable with adult CVID
patient reports (76.9%) [21]. Our patients generally score worse on fatigue than pediatric patients with
other severe chronic diseases such as multiple sclerosis and childhood cancer; emphasizing the high
burden of fatigue symptoms in these patients [24, 25].

Children with PID have lower scores on nearly all subscales compared to the reference group, meaning
they are more fatigued than their healthy peers. This is especially obvious concerning General Fatigue
(GF): a mean Z-score of -1.78. As children with PID have the lowest scores on the GF subscale and the
highest scores on CF it seems their type of fatigue is mainly physical. Studies performed in children with
other chronic conditions such as sickle cell disease and Multiple Sclerosis do not report such a difference
[24, 26].

In general, literature on CVID patients report fatigue as a result of declining trough levels of IgG in patients
who are on intravenous IgG substitution [21]. However, the vast majority of patients in our study receive
SCIG; which provides a fairly stable IgG level during treatment. Fatigue symptoms in our patients
therefore cannot be explained by low trough levels or other therapeutic factors.

According to other studies a diagnosis of CVID, higher age, female gender, having ahigh BMI, depression,
bronchiectasis, auto-immunity and receiving IVIG treatment are factors associated with fatigue [17-19].
These risk factors and their prevalence in our study population were evenly distributed amongst the chart
review and the eligible population of the survey as well as between responders and non-responders to the
survey. However, the sample size of our study was still too small to analyze sign�cant factors
contributing to fatigue.

The external validity of the postal survey study was warranted by a reasonably high response rate and by
using reference values of a large cohort of healthy Dutch peers.

A small number of patients scored extremely high or extremely low. The minimum self-reported Total
Fatigue Score (TFS) was 29, whereas the maximum was 94. These so-called ‘�oor and ceiling’ effects
make response bias unlikely and indicate a strong reliability.

Our observations on the child-parent concordance differ from the �ndings in literature. In health-related
quality of life measurements there usually is a low child-parent concordance with lower scores reported
by the children, whereas our results showed higher scores on all subscales in children compared to the
proxy report [23, 27]. In our study the concordance between teenagers and parents was relatively high
(0,90-0,93). In the 5-7 years age group it was much lower (0,24-0,74). These results indicate that patients
in this age group �lled out the questionnaires independent from their parents. It may also indicate that the
questionnaire is complex for younger children. Furthermore, it may represent parents’ concerns about
their child well-being; scoring them far more fatigue than they do themselves.
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Future research should focus on sociodemographic variables such as social economic status, but also on
disease related factors such as diagnosis, infection burden, type of treatment and IgG trough levels in i.v.-
treated PID patients.

The present study has several strengths. To our knowledge it is the �rst study using PedsQL MFS surveys
in children with PID, it represents a broad age-range of participants and was valid and reliable.
Limitations include the small sample size. The prevalence of known risk factors of fatigue in PID patients
was too low to analyze. Fatigue as a symptom was not routinely noted on consultations; which leads to a
reporting bias in the chart review scores. We measured fatigue scores at only one timepoint. To rule out
possible seasonal in�uences, a future study would need to have at least one timepoint in spring and one
in fall. By using different measurement tools simultaneously, e.g. the Hospital Anxiety and Depression
Scale, psychological causes for fatigue can be excluded. Using PedsQL MFS survey routinely during
follow-up at the out-patient clinic would help to see if any therapeutic interventions; medical as well as
psychological, in�uence fatigue symptoms in PID patients.

In conclusion, the results of our study show the presence of severe fatigue in a majority of pediatric PID
patients on immunoglobulin substitution therapy. The PedsQL MFS survey is a feasible tool to screen
and identify severely fatigued PID patients and their caretakers’ impression. Studies on effective
interventions on fatigue are warranted and should be investigated in this patient group to further improve
quality of life and well-being.
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Table 1: Characteristics of the eligible population of children with PID using immunoglobulin treatment.
The data obtained from the chart review were compared to the respondents of the postal survey.

CVID = Common Variable Immunode�ciency; f-SCIG = facilitated-SCIG; IVIG= Intravenous
immunoglobulin; SPAD = speci�c polysaccharide antibody de�ciency, BMI= body mass index
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  chart review survey

   

N=56

eligible

N=50

responders

N=32

Male (%) 36 (64%) 33 (66%) 20 (63%)

Female (%) 20 (36%) 17 (34%) 12 (37%)

Average age in years (range) 11.5 (1-18) 11.2 (2-17) 10.7 (4-17)

IVIG 13 (23%) 11 (32%) 4 (13%)

f-SCIG 17 (31%) 16 (32%) 10 (31%)

SCIG 26 (46%) 23 (46%) 18 (56%)

CVID 15 (27%) 11 (22%) 4 (13%)

Hypogammaglobulinemia 26 (47%) 25 (50%) 19 (59%)

SPAD 5 (9%) 5 (10%) 4 (13%)

X-linked agammaglobulinemia 4 (7%) 4 (8%) 2 (6%)

Various 6 (11%) 5 (10%) 3 (9%)

BMI > +2 SD 11 (20%) 9 (18%) 6 (19%)

Bronchiectasis on CT 17 (30%) 15 (30%) 7 (22%)

Psychological support 20 (36%) 18 (36%) 14 (44%)

Autoimmune symptoms 15 (27%) 15 (30%) 8 (25%)

Table 2: PedsQL™ Multidimensional Fatigue Scale (MFS) scores on the Total Fatigue Scale (TFS) and the
separate subscales: General Fatigue (GF), Sleep-Rest Fatigue (SRF) and Cognitive Fatigue (CF). REF =
Reference group, healthy peers from the study of Gordijn et al. [23].
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  2-4 years 5-7 years 8-12 years 13-18 years

Self-report

 

Study

Mean
(SD)

REF

 

Study

N=6

Mean
(SD)

REF

N=68

Mean
(SD)

study

N=11

Mean
(SD)

REF

N=143

Mean
(SD)

study

N=10

Mean
(SD)

REF

N=155

Mean
(SD)

Total
fatigue
score

NA NA 56,48
(10,92)

76,59
(14,19)

58,75
(20,57)

78,70
(12,50)

61,53
(18,89)

75,24
(11,95)

General
fatigue

NA NA 58,33
18,26)

83,46
(15,89)

56,06
(22,00)

82,66
(12,92)

53,75
(24,33)

76,72
(14,31)

Sleep-rest
fatigue

NA NA 59,72
(16,17)

74,00
(18,68)

62,08
(18,05)

77,55
(15,04)

57,50
(21,94)

71,88
(14,17)

Cognitive
fatigue

NA NA 51,39
(16,17)

72,24
(21,69)

65,53
(30,28)

75,76
(19,13)

73,33
(22,84)

77,15
(15,30)

proxy -
report

N=2

Mean
(SD)

REF

N=104

Mean
(SD)

N=6

Mean
(SD)

REF

N= 83

Mean
(SD)

N=13

Mean
(SD)

REF

N= 149

Mean
(SD)

N=11

Mean
(SD)

REF

N=161

Mean
(SD)

Total
fatigue
score

68,06
(1,96)

82,87
(10,76)

48,84
(11,63)

83,01
(11,35)

54,75 81,25
(12,73)

52,92
(22,84)

79,17
(13,99)

General
fatigue

70,83
(0,00)

82,80
(11,84)

48,61
(13,09)

84,46
(12,35)

43,27
(12,56)

82,27
(13,95)

46,97
(25,62)

77,71
(15,93)

Sleep-rest
fatigue

54,17
(29,46)

82,92
(13,17)

55,56
(16,60)

87,77
(12,19)

57,69
(18,23)

85,49
(13,21)

51,67
(21,35)

80,87
(15,06)

Cognitive
fatigue

79,17
(23,57)

82,77
(15,09)

42,36
(24,07)

76,71
(17,18)

62,15
(32,25)

75,98
(19,61)

65,53
(27,83)

78,93
(17,99)

Table 3. Z-scores of all participants on every PedsQL MFS as reported by patients themselves. A negative
z-score indicates more fatigue symptoms than the reference group. * indicates a signi�cant difference as
tested by one-sample t-test (test-value =0), ** indicates a signi�cant difference as tested by one-sample t-
tst (test value = -1).
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PedsQL

Multidimensional Fatigue
Scale

5-7 years

N=6

8-12 years

N=11

13-18 years

N=10

Total group

N= 27

Self-report Mean Z-score
(SD)

Mean Z-score
(SD)

Mean Z-score
(SD)

Mean Z-score
(SD)

General fatigue -1.58 (1.15)* -2.06 (1.70)* -1.61 (1.70)* -1.78 (1.56) **

Cognitive fatigue -0.96 (0.75)* -0.53 (1.58) -0.25 (1.49) -0.52 (1.38)*

Sleep-rest fatigue -0.76 (0.87) -1.03 (1.20)* -1.01 (1.55) -0.96 (1.24)*

Total fatigue -1.42 (0.77)* -1.60 (1.65)* -1.15 (1.58)* -1.38 (1.43)*

Proxy-report N=6 N=12 N=10 N=28

General fatigue -2.90 (-2.06)** -2.79 (0.94)** -2.05 (1.64)** -2.45 (1.28)**

Cognitive fatigue -2.00 (1.40)* -0.71 (1.64) -0.94 (1.49) -1.01 (1.56)*

Sleep-rest fatigue -2.64 (1.36)** -2.03(1.41)** -1.94(1.42)** -2.13 (1.39)**

Total fatigue -3.01(1.03)** -2.08 (1.46)** -1.88 (1.63)* -2.15 (1.43)**

Table 4: Child parent concordance measured by Intraclass Correlation Coe�cient (ICC) for PedsQL™
Multidimensional Fatigue Scale (MFS) on the total MFSTM-score and on the separate subscales: General
Fatigue (GF), Sleep-Rest Fatigue (SRF) and Cognitive Fatigue (CF). TFS= total fatigue score.  ICC  =
Intraclass Correlation Coe�cient (ICC); ICC REF = Intraclass Correlation Coe�cient (ICC) for the reference
group, healthy peers form the study of Gordijn et al.[23].

  2-4 years 5-7 years 8-12 years 13-18 years Total group

ICC

 

N=NA

ICC

REF

N=NA

ICC

 

N=6

ICC

REF

N=68

ICC

 

N=11

ICC

REF

N=140

ICC

 

N=10

ICC

REF

N=153

ICC

 

N=32

REF

ICC

N=361

TFS NA NA 0,24 0,25 0,93 0,68 0,93 0,52 0,85 0,53

GF NA NA 0,31 0,22 0,43 0,48 0,90 0,50 0,61 0,44

SRF NA NA 0,51 0,10 0,90 0,46 0,91 0,41 0,83 0,36

CF NA NA 0,74 0,22 0,87 0,66 0,91 0,45 0,87 0,49

Figures
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Figure 1

Flowchart of screening and inclusion


