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Abstract
Although fatigue is a common symptom in adult patients with primary immunodeficiencies (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 replace-
ment therapy. Both prevalence and impact were also measured by the PedsQL-Multidimensional Fatigue Scale (MFS) in 
27 patients and 32 of their parents. This is an age-appropriate questionnaire for self-report of fatigue symptoms in patients 
aged 5–18 years and for parent proxy reports for patients aged 2–18 years. General, cognitive, and sleep-rest fatigue was 
measured, and a total fatigue score was calculated. Means, standard deviation and Z scores were calculated using age-specific 
reference values. Intraclass correlation coefficients (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 significantly lower scores on all subscales and total score of the PedsQL-MFS compared to healthy children, 
indicating greater perceived symptoms of fatigue. General fatigue was the most affected subscale in PID patients, suggest-
ing that fatigue in these patients is mainly physical. Seventy-four percent 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 the feasibility of the PedsQL-MFS survey to evaluate the prevalence and severity of fatigue in children with PID and 
underscore the importance of this issue in our patient care.
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Introduction

Primary immunodeficiency 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 world-
wide [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], espe-
cially due to improved awareness, earlier diagnosis, and appro-
priate 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. (11) 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 par-
ticipation, 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].

A large study on fatigue in patients with PID was con-
ducted by Hajjar et al. [17]. A total of 2537 PID patients 
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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 
deficiency (CVID), female sex, 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 infu-
sions [18, 19]. These feelings of exhaustion are especially 
present immediately prior to the patient's 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 subcuta-
neous 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 specifically in pediatric PID patients treated with 
immunoglobulin replacement. 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

Inclusion and Exclusion Criteria

Children with a diagnosis of hypogammaglobulinemia, 
CVID, or X-linked agammaglobulinemia (XLA) currently 
on immunoglobulin replacement therapy in our hospital 
were included in the study. Patients and parents who did not 
have sufficient Dutch language skills to read the question-
naire were excluded (Table 1).

Procedures

The first phase of our study was a chart review to repeat 
the research of Hajjar et al. in our pediatric population. 
All medical and nursing consultations between December 
1, 2015, and December 1, 2017, were reviewed. Physi-
cians 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 sex, age, and 

diagnosis was collected on the Case Record Form. Further-
more, hemoglobulin levels and thyroid-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 on the index 
date April 1, 2018. A child self-report as well as one parent’s 
proxy report was conducted.

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 4 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 

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 immunodeficiency, f-SCIG facilitated-SCIG, 
IVIG intravenous immunoglobulin, SPAD specific polysaccharide 
antibody deficiency, BMI body mass index

Chart review Survey

Eligible Responders

N = 56 N = 50 N = 32

Male (%) 36 (64%) 33 (66%) 20 (63%)
Female (%) 20 (36%) 17 (34%) 12 (37%)
Mean 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 agammaglobu-

linemia
4 (7%) 4 (8%) 2 (6%)

Other antibody deficiency 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%)
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reference values. In our population of pediatric PID patients 
using immunoglobulin, each item was reverse scored and 
linearly 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. Lower scores 
indicate greater perceived symptoms of fatigue. The total 
fatigue score (TFS) is the mean of the 3 subscale scores 
(GF, SRF, and CF) and is calculated for patients and parents 
separately. Patients as well as their parents were asked to fill 
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 Gor-
dijn 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). The 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 the McNemar test. For comparison between self and 
proxy report on the PedsQL™ MFS, intraclass correlation 
coefficients (ICC) were calculated. One-sample t-tests were 
used when comparing Z scores of patients with the refer-
ence group (test value = 0 or − 1). Independent sample T tests 
were used for group comparisons. A p value of < 0.05 was 
considered as being significant.

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

Patient Inclusion and Characteristics

After screening all patients on IgG replacement 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. For the 
postal survey, 56 patients on immunoglobulin replacement 
therapy were eligible on the index date (see Fig. 1). Forty-
six child questionnaires and 50 parent questionnaires were 
distributed by mail, of which 27 and 32 were returned, 

respectively (response rates 59 and 64%, Fig. 1). No sig-
nificant differences in patient characteristics were found 
between responders and non-responders. In total, 1062 items 
(27 children and 32 parents × 18 MFS™-items) were scored; 
4 children missed a score on one item, and one parent failed 
to fill out four items (missing item response rate: 0.8%). 
Sociodemographic characteristics are presented in Table 1. 
The mean age of the respondents was 10.7 years. Ninety-
one percent of the responders had normal values for hemo-
globulin levels. TSH was abnormal in 2 patients; however, 
in 53% of the patients TSH was not measured on consulta-
tion (data not shown). Hypogammaglobulinemia and CVID 
were the most common conditions in our population, and 
77% of the patients received IgG replacement via the sub-
cutaneous route. The 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 replacement therapy 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). 
The 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-significant 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 significantly lower in every age group 
and in the total group. General fatigue Z scores of the total 
group in both self- and proxy reports were lowest: − 1.78 
and − 2.45, respectively.

There were no differences in Z scores between male and 
female patients or between the different age groups (data not 
shown). Twenty out of twenty-seven (74%) patients had a Z 
score <  − 1 on the GF scale, indicating significantly more 
fatigue than their healthy peers. Thirteen out of twenty-seven 
(48%) had a Z score of <  − 1 on the TFS.

In young children, self-reported vs proxy scores were pro-
foundly different: intraclass correlation coefficient (ICC) of 
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0.24 in the 5–7-year group, whereas scores of 8–12 years 
and 13–18-year-olds and their parents were fairly similar 
(both groups ICC 0.93; Table 4).

Discussion

Our study measures the prevalence and severity of fatigue 
in children with PID as reported by themselves as well 
as by their parents/caregivers during medical consulta-
tions and PedsQL-MFS questionnaires. 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 con-
cerning General Fatigue (GF): a mean Z score of − 1.78. 
The chart review–based prevalence of fatigue in our pedi-
atric PID population on IgG replacement therapy was 64%. 
This is a significantly higher prevalence than reported in 
the American database study of Hajjar et al. who showed 
a prevalence of 26% of fatigue in US patients with pri-
mary antibody deficiencies [17] and comparable with adult 
CVID patient reports (76.9%) [21].

The chart review–based prevalence of fatigue corre-
sponded well with Z scores less than − 1 on the general 

Fig. 1  Flowchart of screening 
and inclusion
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fatigue score of the PedsQL™ as scored by self-assess-
ment as well as by proxy report by parents. Remarkably, 

our patients generally score worse on fatigue than pedi-
atric patients with other severe chronic diseases such as 

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]

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 (18.55) 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 significant difference as tested by one-sample t-test (test-value = 0); ** indicates a significant 
difference as tested by one-sample t-test (test value =  − 1)

PedsQL Multidi-
mensional 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 
Coefficient (ICC) for PedsQL™ 
Multidimensional Fatigue Scale 
(MFS) on the total MFS™ score 
and on the separate subscales: 
General Fatigue (GF), Sleep-
Rest Fatigue (SRF) and 
Cognitive Fatigue (CF)

TFS total fatigue score, ICC intraclass correlation coefficient (ICC), ICC REF intraclass correlation coef-
ficient (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
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multiple sclerosis and childhood cancer, emphasizing 
the high burden of fatigue symptoms in our patients [24, 
25]. A possible explanation for this could be the chronic 
inflammation which is associated with CVID, or other 
PID-associated comorbidities such as bronchiectasis, pul-
monary granuloma, or autoimmune diseases.

Literature on CVID patients also report fatigue as a 
result of declining trough levels of IgG in patients who are 
on intravenous IgG replacement therapy [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 a high BMI, depression, bron-
chiectasis, autoimmunity, and receiving IVIG treatment 
are factors associated with fatigue [17–19]. These risk 
factors and their prevalence in our study population were 
evenly distributed among 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 assess whether these are 
significant factors contributing to fatigue.

Fatigue is a multidimensional concept, in which not 
only medical but also psychological and social factors play 
a role. We found no obvious medical explanation such as 
anemia or hypothyroidism for fatigue, but have no infor-
mation on psychiatric comorbidity. Depression can cause 
significant fatigue symptoms and can be difficult to diag-
nose in young children. Use of other age-specific pediat-
ric measurement tools simultaneously may be helpful to 
evaluate psychological causes of fatigue in PID patients. 
Emotional distress of having a chronic disease and socio-
economic factors may also contribute to fatigue symptoms. 
Children with PID have the lowest scores on the GF sub-
scale and the highest scores on CF, indicating 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]. A potential clinical implication of this finding might 
be the development of exercise treatment programs for 
children with PID, to improve their condition in general 
and a feeling of well-being despite having a chronic dis-
ease. This is not yet standard of care for children with 
PID and warrants further research. Using PedsQL MFS 
survey routinely during follow-up at the outpatient clinic 
would help to see if any therapeutic interventions, medi-
cal as well as psychological, influence fatigue symptoms 
in PID patients.

Our observations on the child-parent concordance differ 
from the findings 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-year-age group, it 
was much lower (0.24–0.74). These results indicate that 
patients in this age group filled out the questionnaires 
independent from their parents. It may also indicate that 
the questionnaire is complex for younger children. Fur-
thermore, it may represent parents’ concerns about their 
child wellbeing, scoring them far more fatigue than they 
do themselves. 

The present study has several strengths. To our knowl-
edge it is the first study using PedsQL MFS surveys in 
children with PID; it represents a broad age range of par-
ticipants and was valid and reliable. 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 floor and ceiling effects 
make response bias unlikely and indicate a strong reliability.

Limitations include the small sample size. The preva-
lence of known risk factors of fatigue in PID patients was 
too low to analyze. Fatigue as a symptom was not routinely 
asked for 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 influ-
ences, a future study would need to have at least one time-
point in spring and one in fall.

In conclusion, the results of our study show the pres-
ence of severe fatigue in a majority of pediatric PID 
patients on immunoglobulin replacement therapy. The 
PedsQL MFS survey is a feasible tool to screen and iden-
tify 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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