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Abstract

Introduction—Patients with primary immunodeficiency (PID) often report fatigue, yet this
symptom has not been studied in PID. Fatigue affects 6-7.5% of healthy adults. The goal of this
study is to estimate the prevalence of fatigue in patients with PID and investigate its associated
factors.

Methods—We analyzed 2537 PID patients registered in USIDNET to determine responses to the
field “fatigue” in the core registry form. Demographics, immune phenotypes, and comorbid
conditions were compared between fatigued and non-fatigued patients to identify relevant
associations and potential drivers. A focused analysis was performed for patients with
predominantly antibody deficiency disorders (PADsS).

Results—Fatigue was reported in 25.9%(95% CI 23.7-28.3) of PAD patients, compared to 6.4%
(95% ClI 4.9-8.2) of non-PAD. Patients with common variable immunodeficiency (CVID) had the
highest prevalence of fatigue (v < 0.001) among all PID diagnoses. Other factors that were
associated with a higher rate of fatigue among PAD patients included female sex, higher BMI,
depression, bronchiectasis, and autoimmunity. Additionally, fatigued PAD patients had lower
absolute lymphocyte, CD3, CD4, and CD8 counts compared to non-fatigued patients.

Conclusion—Our findings suggest that fatigue is overrepresented in PAD patients. Prospective
studies to estimate prevalence, risk factors, and fatigue etiology in PID are warranted, so
therapeutic interventions can be considered.
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Introduction

Primary immunodeficiency disorders (PIDs) are rare inherited diseases of the immune
system that lead to frequent infections and increased risk of autoimmune disorders and
malignancy [1]. Based on the affected immune mechanisms, PIDs are divided into a number
of categories as defined by the International Union of Immunological Societies including
immunodeficiencies affecting cellular and humoral immunity, combined immunodeficiency
with associated or syndromic features (generally associated with T cell immunodeficiency),
predominantly antibody deficiencies, diseases of immune dysregulation, congenital defects
of phagocyte number, function, or both, defects in intrinsic and innate immunity,
autoinflammatory disorders, complement deficiencies, and phenocopies of primary
immunodeficiencies [2]. Among these categories, the predominantly antibody deficiency
group accounts for approximately half of all patients with a PID diagnosis [1].

In 2013, there were an estimated 6 million people living with PID worldwide [3], with PID
affecting 29.1-50.5 per 100,000 [4]. It is likely that prevalence of PID will continue to
increase as the extended recognition of these diagnoses grows, significantly affecting both
adults and children at the population level [3]. With this increased prevalence, there have
been major improvements in the clinical care of PID patients, mainly due to improved
awareness, earlier diagnosis, and appropriate immunoglobulin G (IgG) replacement
therapies that led to increased life expectancy of individuals with primary antibody
deficiency (PAD) [5-7]. In addition to the improvements in clinical care, morbidity, and
mortality, there has been an increased focus on the quality of life (QoL) in PID patients as a
way to improve perceived clinical and psychosocial dimensions of the diseases.
Unfortunately, despite improvements in diagnosis and life expectancy, PID patients have
impaired QoL [8].

Self-reported fatigue is the most important factor influencing overall QoL [9] and is a major
prognostic factor for survival, independent from other risk factors in diseases such as chronic
myelogenous leukemia patients [10] and terminally ill cancer patients [11]. Additionally,
fatigue was associated with worse prognosis in patients with heart failure [12], had negative
impact on health status, function, and mortality in an elderly population [13], and predicted
mortality in chronic obstructive lung disease [14]. In another study, low levels of fatigue
independently predicted longer recurrence-free and overall survival from breast cancer,
when controlling for biological factors [15]. Taken together, these data suggest that fatigue
could be a powerful indicator of overall survival for many different diseases.

Currently, there are no published studies that specifically address the prevalence of fatigue in
PID patients. The purpose of this study is to estimate the prevalence of fatigue among PID
patients using data from the US Immunodeficiency Network registry and investigate these
data for characteristics that may be associated with fatigue.
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Methods

Data Source

Data for this retrospective study were collected in October 2015 and December 2015 from
the US Immunodeficiency Network (USIDnet), a research consortium established to
advance scientific research on PIDs. This registry actively collects validated data on all PID
diagnoses, as entered by approved physicians, researchers, and other staff at enrolling
institutions [16]. The study was given Institutional Review Board (IRB) approvals from
participating institutions, and all patients provided consent to include their data in the
registry. The USIDnet uses patient registry form, which contained on page 6 a question
about presence of fatigue, as one of the constitutional symptoms. The analyses were based
on the answers to this question and others from the core registry form.

For each of the PID diagnosis, USIDnet has specific diagnostic criteria. For CVID, USIDnet
used the following criteria: marked decrease (at least 2 SD below the mean for age) in two
out of three of the major isotypes (IgG and IgA or IgM), 1gG <500 mg/dl for adults, age
above 2 years at the onset of immunodeficiency, absent isohemagglutinins and/or poor
response to vaccines, and defined causes of hypogammaglobulinemia have been excluded.

Inclusion/Exclusion Criteria

Two queries were made to the USIDnet registry: a general prevalence analysis (October
2015) and a PAD-focused analysis (December 2015). All PID patients who were reported to
have fatigue in the core registry form were included for the general prevalence analysis. Data
from patients with PID, who were reported not to have fatigue in the USIDnet, were used as
the control group. There was a large difference in prevalence of fatigue between PAD and
non-PAD patients in our general prevalence analysis; however, USIDnet policies minimize
the clinical data released to answer discrete research questions. Thus, we focused on patients
with PAD and submitted a second query to the USIDnet to compare the demographics,
immune phenotypes, comorbidities, and associated conditions of fatigued vs. non-fatigued
PAD patients. At the time of the PAD-focused query, additional patients had been added to
the USIDnet dataset. Thus, we included the additional patients in the PAD-focused analysis,
but not in the general prevalence analysis. We excluded eight individuals that had a body
mass index (BMI) over 100 from the body mass-related analyses as they were considered to
be extreme outliers. Patients with transient hypogammaglobulinemia and patients with
hypogammaglobulinemia secondary to malignancy were not included in the PAD diagnosis.

Finally, when assessing the prevalence of fatigue in PAD patients based on 1gG replacement
status, we have excluded patients who were reported not to be on 1gG replacement, or when
the data about 1gG replacement therapy was not available.

Statistical Analysis

The prevalence of fatigue and 95% exact confidence interval were reported for all patients
by disease and age. Summary statistics are presented for demographics, lymphocyte
phenotype, non-infectious complications, and immunoglobulin therapy as mean + standard
deviation, median with 25th and 75th percentiles, and frequency reported as a percentage. T-
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test, chi-square, Fisher’s exact, and Wilcoxon rank sum tests were used for comparisons
between fatigued and non-fatigued patients.

Results

Specific Diagnoses of PID Patients in the USIDnet Registry

First, we conducted a general prevalence analysis investigating the prevalence of fatigue
among patients diagnosed with PIDs. At the time of this analysis, there were 2537 patients
registered in the USIDnet, which included a diverse list of all the diagnoses registered (Fig.
1) 2366 of those patients had clinical visits indicating fatigue status. The most common PID
diagnosis was common variable immunodeficiency (CVID) with 987 (41.7%) patients,
followed by DiGeorge syndrome (DGS) with 393 patients (16.6%). Other diagnoses
included miscellaneous antibody deficiency (MAD) (N = 202 (8.5%)), agammaglobulinemia
(AGAMMA) (V=200 (8.5%), chronic granulomatous disease (CGD) (N =116 (4.9%)), and
severe combined immunodeficiency disorder (SCIDs) (N = 168 (7.1%)). USIDnet combines
several rare diagnoses within the core registry, as they did not have a “sub-registry.” We
therefore refer to these non-sub-registry diagnoses as “CORE” and include autoimmune
lymphoproliferative syndrome (ALPS), autoimmune polyendocrinopathy with candidiasis
and ectodermal dystrophy (APECED), ataxia telangiectasia, autoinflammatory syndrome,
CD16 deficiency, chronic mucocutaneous candidiasis, Comel-Netherton syndrome,
dyskeratosus congenita, GATA2 deficiency, hyper IgE syndrome, IFN-y receptor-1
deficiency, 1L-10 deficiency, immune dysregulation with autoimmunity due to uncertain or
unlisted cause, immunodeficiency of unknown cause, immune dysregulation,
polyendocrinopathy, enteropathy X-linked (IPEX) IRAK-4 deficiency, hyper IgD syndrome,
neutropenia due to uncertain or unlisted cause, other defects in innate immunity, STAT1
deficiency, STAT1 gain-of-function mutations, and UNC13D/Munc 13-4 deficiency. The
total number of patients with CORE disorders was 159.

Prevalence of Fatigue by Disease Category

We examined the data from all 2537 PID patients for the prevalence of fatigue. Of those
patients, 2366 had clinical visits indicating their fatigue status. Four hundred thirty patients
out of the 2366 registered PIDs with available fatigue data were reported to have fatigue
(18%) while the reported prevalence of fatigue in general population varies from 6 to 7.5%
[17, 18]. CVID had the highest prevalence of fatigue among patients PID with 295/987
(29.9%). MAD had the second highest prevalence of fatigue with 44/202 patients reported to
have fatigue (21.8%). Conversely, DiGeorge syndrome had very low prevalence (1.5%), and
there were no recorded cases of fatigue among patients with leukocyte adhesion deficiency
(LAD). Figure 1 summarizes the fatigue prevalence for each PID diagnosis, including the
CORE subcategory defined above which contained 20 patients with fatigue (12.9%).

Prevalence of Fatigue by Age

Patients were categorized into the following age groups: <8, 9-18, 19-24, 25-34, 35-44,
45-54, 55-64, 6575, and >75 years). In the general fatigue analysis, PID patients above the
age of 8 years had the higher prevalence of fatigue compared to the general population. We
observed a trend toward a higher prevalence in patients 44 years old and above (p < 0.001:
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Cochran-Armitage trend test) (Figs. 2 and 3 summarizes the fatigue prevalence for PID
patients by age)

Demographics of Fatigued PID Patients

Next, we focused our analysis on PID patients who were reported to have fatigue (430
patients). Table 1 includes the demographics of all PID patients in the USIDnet reported to
have fatigue. Of the 430 patients with fatigue, 200 (47%) were males and the average (xSD)
age was 39.1 years (+£20.4). Over two thirds of fatigued patients (69%) had CVID. Race and
ethnicity information were available for 343 of the fatigued patients. Of these, 94% of
fatigued patients were Caucasian/white, 4% were African American, 0.9% were Asian, and
0.3% American Indian/Native American. Finally, BMI data were available for 346 fatigued
patients, and the mean BMI was 24.4 (£7.2). These data suggest that PID patients with
fatigue are primarily white with a CVID diagnosis.

Immune Phenotypes of Fatigued PID Patients

We examined the immune phenotype for all PID patients with fatigue as there are
substantive data fields within the USIDNET Registry to allow for the input of laboratory
findings. The number of patients for whom laboratory data were entered varied for each
immune characteristic, but all data were included when available. As expected, the average
lymphocyte counts varied based on the underlying immune defect. However, overall, the
median absolute lymphocyte count (ALC) CD3, CD4, CD19, and CD56CD16 NK cells
were generally within normal ranges for the average age of the fatigued PID patients. Table
2 summarizes the immune phenotypes of PID patients with fatigue.

Non-Infectious Comorbidities and Complications of Fatigued PID Patients

Next, we analyzed the frequency of select comorbidities and complications reported for PID
patients with fatigue. Table 3 summarizes the non-infectious complication in all fatigued
patients. The most common non-infectious comorbidities and complications among all
fatigued patients were depression, reported in 23% of fatigued PID patients (compared to
4.2-12.7 in the general population [19], followed by bronchiectasis (16%) and arthritis
(16%).

Prevalence of Fatigue in Patients with Primary Antibody Deficiency Disorders

Within the set of PIDs included in this analysis, several disorders may be classified as
primary antibody disorders (PADs), including CVID, MAD, HIGM, and AGAMMA.

The prevalence of fatigue among PADs was 25.9% (95% CI 23.67-28.29), while among
individuals with non-PADs, the proportion of fatigue is significantly lower 6.3% (95% ClI
4.91, 8918.15). The prevalence of fatigue in non-PAD patients resembles that in the general
population [17, 18].

Demographics of Fatigued PAD Patients

Due to this large difference in prevalence of fatigue between PAD and non-PAD patients, we
decided to focus further analyses on PAD patients. To advance a PAD-focused analysis, we
submitted a second query to the USIDnet requesting further information about patients with
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PAD reported to have fatigue. We compared the demographics, immune phenotypes, and
comorbid conditions of fatigued vs. non-fatigued. The characteristics of fatigued patients
with PAD were notable in light of our prior analyses of PAD overall (Table 4). In this second
analysis, we found that fatigued patients with PADs were more likely to be white; 57% of
fatigued PAD patients were females compared to 43% of non-fatigued patients (P < 0.001).
Additionally, PAD patients with fatigue had a significantly larger average BMI (25 vs. 22.7
kg/m2, P<0.001). We also found that the odds of fatigue increases by 4% for every unit
increase in BMI (OR = 1.04; 95% CI = 1.02, 1.07). Finally, PAD patients on IVIG had
similar prevalence of fatigue compared to those on SCIG (36.6 vs. 35.6%, p=0.77)

From these data, we conclude that unlike in PIDs as a whole, fatigue in PAD patients
appears to be more common in females and overweight patients.

Lymphocyte Phenotype Fatigue Patients with PAD

Next, we analyzed the lymphocytic phenotypes in the PAD-focused subset of fatigued
patients with specific comparison to the non-fatigued PAD patients (Table 5). Overall,
fatigued PAD patients had a lower median ALC than did non-fatigued PAD patients (P=
0.0015). Fatigued PAD patients also had lower CD3 (£=0.0014), CD4 (P=0.015), and
CD8 (P=0.001) counts than non-fatigued PAD patients. Fatigued PAD patients had
statistically significant higher memory T cell counts (£ = 0.003). Thus, these data suggest
that lymphocytic phenotype differences exist between fatigued and non-fatigued patients
with PADs.

Non-Infectious Comorbidities and Complications in Fatigued PAD Patients

Next, we analyzed the occurrence of comorbidities and complications in PAD patients. In
the fatigued PAD group, the most common non-infectious complication was depression
(24%; see Table 6). This comorbidity was not observed in non-fatigued PAD patients, and
the difference between these two groups was statistically significant (< 0.001). After
depression, the second most common comorbidities were arthritis (16 vs. 0% in non-
fatigued, £< 0.001) and bronchiectasis (16 vs. 0% in non-fatigued, £ < 0.001). Other non-
infectious comorbidities and complications that were statistically significantly different
between fatigued and non-fatigued PAD patients were leukopenia, granuloma, colitis,
adrenal insufficiency, IBD, interstitial lung disease, hepatomegaly, eosinophilic esophagitis,
and Celiac disease. Thus, selected comorbidities occur more frequently in fatigued PAD
patients, which suggests that they either speak to a particular severity of PAD or may be
particular drivers of fatigue within this category of the deficiency.

Prevalence of Fatigue in Patients with Common Variable Immunodeficiency

Since we observed that patients with CVID had the highest prevalence of fatigue among all
PID patients, we performed focused analysis on CVID patients.

First, we analyzed the prevalence of fatigue among CVID patients based on age. The mean
age of fatigued CVID patients was higher than non-fatigued (43.7 vs. 38.8, £=0.001).
Across all age groups, fatigue prevalence was higher than the general population. Figure 4
summarized the prevalence of fatigue in CVID patients by age.
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Next, we examined the demographics of fatigued and non-fatigued CVID patients. Similar
to what we observed in PAD patients, fatigued CVID patients had higher BMI compared to
non-fatigued patients (25.4 vs 23.4, P=0.0004). There was no difference of fatigue
prevalence in CVID based on sex or ethnicity. Table 7 summarizes the characteristics of
CVID patients based on their fatigue status.

Finally, we were interested to know if fatigue prevalence differed between CVID patients
receiving IVIG versus SCIG. For this analysis, we excluded CVID patients not reported to
be on IgG replacement therapy or if the route of administration was not included. We found
that prevalence of fatigue was not statistically significantly different between CVID patients
receiving IVIG versus SCIG (39.63 vs 37.5%, P=0.59).

Discussion

Our analysis of fatigue prevalence in PID patients revealed several interesting findings. The
prevalence of fatigue among patients with PID in the USIDnet registry was 18%. In
comparison, population-based surveys in Britain and the USA report fatigue prevalence at
6.0-7.5% [17, 20]. When we divided the PID population into the PAD vs. non-PAD subset,
we found that non-PAD patients had similar fatigue prevalence compared to general
population (6.4%), while PAD patients had a higher prevalence of fatigue at 25.9%.
Particularly, CVID patients who had the highest prevalence of fatigue (29.9%). Thus, PAD
patients have an above-average frequency of fatigue and are distinguished not only from the
general population but among the PID population as well.

When we analyzed the prevalence of fatigue based on age, we found that in PID in general,
patients above the age of 8 years have a higher prevalence of fatigue compared to the general
population, and there was a trend toward increase fatigue by age. We observed the same
pattern among CVID patients. In those patients, even children below the age of 8 years old
had a higher prevalence of fatigue compared to the general population. This high prevalence
was an interesting finding and is consistent with fatigue data available in children with other
chronic diseases. Fatigue is a common symptom in children [21]. The National Longitudinal
Study of Adolescent Health (Add Heath) indicated that 21% of US children aged 7-12 years
[22] and 15-30% of adolescents aged 11-21 years reported frequent fatigue [23]. Fatigue
prevalence is particularly high in children with special healthcare needs such as cancer,
diabetes, and rheumatologic disorders [24-26]. Therefore, it was not surprising to find that
fatigue was observed and reported by providers who cared for children with primary
immunodeficiency disorders. Prospective studies on children with PID using validated tools
would be critical to measure the prevalence and burden of fatigue in this unique patient
population.

Through our analysis, we identified several factors that were associated with increased
prevalence of fatigue among PID patients, including having PAD and receiving IgG
replacement therapy to treat it. We did observe that 27% of PAD patients in the USIDnet
registry were not receiving 1gG replacement. IgG replacement is the most accepted treatment
for CVID, HIGM, and agammaglobulinemia. Patients with miscellaneous antibody
deficiency (MAD) included a variety of diagnosis, including selective antibody deficiency,
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and here, the indications for IgG replacement are more variable and at times controversial
[6]. It could be that more symptomatic PAD patients were placed on IgG replacement, while
those who had less clinical difficulties were not. The alternative explanation, which must be
raised in light of the observation, is that there is the perception of fatigue associated with the
receipt of immunoglobulin therapy.

When we compared PAD patients receiving SCIG to IVIG and excluded PAD patient not
receiving 1gG replacement, the prevalence of fatigue appeared to be similar between the two
groups. Similarly, CVID patients receiving IVIG had similar fatigue prevalence to patients
receiving SCIG

Published observations suggested temporal dynamics between fatigue and 1gG replacement
route. For example, patients with CVID reported statistically significant improvement in
fatigue symptoms 10 days post-infusion compared to the day of infusion. [27]. This
improvement in fatigue is sometimes followed by an exacerbation in the third to fourth
week, just prior to the next infusion. This phenomenon is often referred to as the “wear-off
effect” [28]. Many patients who receive IVIG infusions every 21 to 28 days report general
malaise, fatigue, arthralgia, myalgia, and increased susceptibility to infections during the last
7 to 10 days of each dosing interval [29]. The first national survey of the Immune Deficiency
Foundation (IDF) for Treatment Experiences and Preferences of Patients with Primary
Immune Deficiency Diseases revealed that 42% of patients with PID receiving IVIG
reported that they could feel the wear-off effect. [30] The point at which the patient feels the
wear-off effect was closely related to the frequency of infusion. For example, those who
infused every 4 weeks felt the effects wearing off at 21 days post-infusion [30]. In contrast
to patients receiving IVIG therapy, those receiving SCIG therapy less frequently report
feeling the wear-off effect [31]. This difference is thought to be due to the lower variability
in and more consistently physiological level of serum IgG concentration when Ig is
administered via the subcutaneous route [32]. A recent study however showed that the
probability of fatigue was greatest in the first week of both the 3- and 4-week dosing cycles
and was significantly lower in the subsequent weeks of the treatment cycle, suggesting that
fatigue may actually be a result of 1VVIG administration itself [33]. Further, more specific and
prospective studies are needed to identify the relationship between fatigue and 1gG
replacement therapy.

Our analysis also showed that fatigued PAD patients have higher rates of select
comorbidities and complications, with depression having the most prevalence at 23%. The
2014 National Survey on Drug Use and Health estimated that 4.3% of US adults had at least
one episode of major depression [34]. There are no available data on the criteria used to
diagnose depression in those patients. One explanation for this high prevalence of depression
could be due to overlap between fatigue and depression diagnosis. This overlap depends
significantly on how each of those diseases is defined [35]. While some suggested that
fatigue is merely a form of depression, research in chronic fatigue suggests that those two
conditions are distinct from each other. For example, central symptoms of depression such
as guilt and self-esteem issues are not typically features of chronic fatigue syndrome (CFS)
[18]. Additionally, biological differences have been observed between fatigue and
depression such as the regulation of the hypothalamic-pituitary-adrenal axis which is
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downregulated in CFS and upregulated in depression [36]. Studies of twins demonstrated
that genetic and environmental risk factors for fatigue are independent from psychiatric
symptoms [37] by showing that in twins, 44% of the genetic contribution to fatigue was not
shared with the other common psychological forms of distress, and that environmental
factors which determined the psychological forms of distress were almost totally
independent of the environmental determinant of fatigue [37]. And finally, cohort studies
identified that different and specific risk factors exist between fatigue and psychiatric
comorbidity (e.g., family history of psychiatric disorder) and fatigue without psychiatric
comorbidity (e.g., having excessive energy as a child) [35, 38]. Together these support the
notion of separating fatigue and depression and any further study of fatigue in PID should
focus directly upon discerning this dichotomy.

We found that fatigued PAD patients had a higher rate of autoimmunity, lung disease, and
gastrointestinal disease and lower numbers of certain lymphocytes (though the lymphocyte
counts in both groups were within normal ranges). Fatigue has been increasingly recognized
as a comorbidity of chronic diseases, such as multiple sclerosis [39], systemic lupus
erythematosus [40], chronic liver diseases [41], and rheumatoid arthritis (RA) [42], and in
patients infected with HIV [43]. Patients with these chronic conditions consistently identify
fatigue as one of the most problematic and challenging aspects of their disease [44].We
hypothesize here that the chronic inflammation associated with several of the non-infectious
complications in fatigued PID patients is interfering with lymphocyte homeostasis and thus
explaining the observed mild immunophenotypical differences.

Prior studies of fatigue prevalence in the general population showed clear sex differences,
with a female odds ratio (OR 1.9) [45] and females reporting fatigue 1.2 to 2.3 times more
frequently than do males [46]. In our study, a similarly directed sex difference emerged in
the PAD-focused analysis, but it was not a significant factor in the general prevalence of
fatigue among all PID patients or in the focused CVID analysis. The reasons for this sex
difference remain elusive and warrant further study with regard to the interplay of known sex
differences [47], drivers of fatigue, and immunity.

Most of the patients in the registry were white. The prevalence of fatigue was not
significantly different between different ethnic groups. This could be due to
underrepresentation of other ethnic groups in this dataset. Population-based studies showed
that a higher risk of chronic fatigue may be specific to certain ethnic groups, such as Native
Americans and African Americans in the USA [48], and that Hispanics report higher levels
of fatigue compared to Anglos [49, 50].

Along with sex and ethnic differences, obesity has been associated with chronic fatigue [51].
BMI of 25 kg/m? and above is considered overweight, and BMI >30 kg/m? is considered
obese. A longitudinal study investigated weight trends over time in a community-based
sample of individuals with chronic fatigue syndrome (CFS) and healthy controls [52]. Over
10-year follow up, the authors found that the overweight/obese CFS group had significantly
more fatigue when compared to overweight controls. In one study, fatigue correlated
strongly with being obese (BMI >30 kg/m?; OR = 4.1), and this characteristic was
associated with eating less healthy diet (less fruits, vegetables, and cereal in meals), as well
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as being less physically active [45]. Excessive body fat is associated with increased levels of
circulating inflammatory cytokines [53]. For example, in sleep apneic patients with fatigue
and sleepiness symptoms, levels of tumor necrosis factor a (TNF-a)) and interleukin 6
(IL-6) were elevated. Interestingly, in sleep apneic patients, the primary determinant for IL-6
levels was the body mass index [54]. Indeed, we observed a significant increase in fatigue
among PID patients who were also clinically obese with mean BMI of (25 + 7.4), and that as
BMI increases, the odds of fatigue increases.

Obesity can contribute to fatigue due to increased sleep problems, comorbid medical
illnesses, psychiatric disorders, and unexplored metabolic processes, in addition to increased
inflammatory status [55, 56]. At a minimum, this finding validates known general
associations between obesity and fatigue within a PID population and suggests that
measures to control obesity in PID patients should be considered for many reasons including
the association with fatigue.

Finally, we need to note that fatigue is a multidimensional concept; it manifests in multiple
independent dimensions, including physical, cognitive, motivational, and reduced activities
[57]. Various diseases showed that fatigue has a major impact on QoL [8-10, 58, 59], and in
a large cross-sectional study of over 11,000 cancer patients, fatigue was identified as a root
factor in driving global health and overall QoL, independent of tumor stage [59].
Additionally, fatigue was found to affect perceived health (PH), in a way that higher
presence of fatigue in daily activities correlated negatively with perceived health [60]. A
recent study identified several factors that were associated with poor perceived health among
patients with PID registered in the Immunodeficiency Foundation IDF [61]. Of those factors,
female sex, CVID diagnosis, comorbid conditions, and limited physical activity pointed to
similar demographics that we found to be associated with increased prevalence of fatigue
among PIDs. Although perceived health status is a reasonable indicator of global quality of
life, disagreement between patients’ reported health status and their perceptions of their
global quality of life is common [62]. This suggest that fatigue is a stronger indicator of QoL
than perceived health is. Thus, it is important to identify and isolate fatigue as a component
of PH and QoL as it may be treatable and has the potential to improve both.

This study has several limitations that should be acknowledged. First, our analysis was
limited to the data available in the USIDnet. Given that this is a healthcare-reported
database, fatigue definition probably varied based on each provider’s understanding, and the
severity and temporality of the fatigue could not be quantified. As a result, fatigue
prevalence could be underestimated, especially when one considers previous research
showing that physicians often underestimate their patients’ health symptoms, particularly
fatigue [63]. We also do not know if the physicians have utilized specific assessments for
fatigue or if the registry simply contains their best assessment or perspective. In our analysis,
we found that none of the patients with DiGeorge syndrome were reported to have fatigue
and noted a low prevalence of fatigue among patients with SCID. This could be explained by
underreporting fatigue in children as discussed above, and in the case of DiGeorge, an
additional limitation would be the difficulty in measuring symptoms in those with learning
disability without using specific tools. Another thought would be that patients who survived
life-threatening diseases such as SCID and complete DiGeorge might be more tolerant to
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subjective adversities. For example, cancer survivors sometimes report “life-transforming”
changes [64], mainly due to positive psychological, social, or spiritual experiences that
occurred during their illness. Those lessons learned from suffering/or healing allow them to
develop coping methods such as resilience [65] and subjective well-being [66].

As we have discussed above, the use of a validated fatigue instrument is of the essence. This
would represent an appropriate next step given the signal discerned through our analyses of
registry reported data. Despite the possible limitations, however, the apparent difference in
fatigue prevalence between PAD and non-PAD patients suggests that our findings likely
reflect a bonafide increase in the prevalence of fatigue among those suffering from PAD. A
further limitation is that the immune phenotyping, BMI data, 1gG replacement therapy, and
non-infectious complication data were not consistently available for all patients analyzed,
and thus, our current conclusions may suffer from underreporting bias. Finally, the data
about the frequency of infections and 1gG trough levels, in correlation with fatigue, were not
available; hence, we were unable to correlate 1gG trough levels and infection rates with
fatigue in our analysis. Prior studies suggest that fatigue increased toward the end of IVIG
infusion [28] when IgG levels trend down, and patients had a higher susceptibility to
infections. Despite these limitations, our findings provide rationale for a prospective
research design and patient-reported symptoms.

In conclusion, our results suggest an increased prevalence in fatigue among PID patients,
particularly in the PAD population, specifically in CVID patients. Prospective studies using
validated instruments to estimate prevalence, risk factors, and fatigue etiology in PID are
warranted, so therapeutic interventions can be conceived and implemented to improve the
QoL for patients coping with this challenging disease
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Fig. 1.

Prgvalance of fatigue overall and by disease. Horizontal black line represents the prevalence
of fatigue in the general population. Abbreviations: AGAMMA agammaglobulinemia, CGD
chronic granulomatous disease, COMPDEF complement deficiency; CORE diagnosis
included autoimmune lymphoproliferative syndrome (ALPS), autoimmune
polyendocrinopathy with candidiasis and ectodermal dystrophy (APECED), ataxia
telangiectasia, autoinflammatory syndrome, CD16 deficiency, chronic mucocutaneous
candidiasis, Comel-Netherton syndrome, dyskeratosus congenita, GATA2 deficiency, hyper
IgE syndrome, IFN-y receptor-1 deficiency, IL-10 deficiency, immune dysregulation with
autoimmunity due to uncertain or unlisted cause, immunodeficiency of unknown cause,
immune dysregulation, polyendocrinopathy, enteropathy X-linked (IPEX) IRAK-4
deficiency, hyper IgD syndrome, neutropenia due to uncertain or unlisted cause, other
defects in innate immunity, STAT1 deficiency, STAT1 gain-of-function mutations, and
UNC13D/Munc13-4 deficiency; CV/D common variable immunodeficiency, DGS
DiGeorge syndrome, H/IGM hyper-IgM syndrome, LAD leukocyte adhesion deficiency,
MAD miscellaneous antibody deficiency, NEMO nuclear factor-kappa B essential
modulator, SC/D severe combined immunodeficiency, WAS Wiskott Aldrich syndrome
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Fig. 2.

Fatigue prevalence by age; all PID diagnosis in USIDnet combined. Horizontal black line
represents the prevalence of fatigue in the general population. Except for children below the
age of 8, prevalance of fatigue is increased is all other age groups
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Fig. 3.
Fatigue proportion in patients with common variable immunodeficiency by age. Horizontal

black line represents the prevalence of fatigue in the general population. In CVID, the
prevalance of fatigue is increased in patients above the age of 8 years
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Fig. 4.

Proportion of fatigued CVID patients on SCIG and IVIG. Prevalance of fatigue was not
different between CVID patients receiving IVIG versus SCIG. Abbreviations: SC/G
subcutaneous immunoglobulin, /V/G intravenous immunoglobulin
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Demogr aphic N(%)
Total PID patients with fatigue 430
Disease
AGAMMA 25 (6)
CGD 15 (3)
COMPDEF 3(1)
CORE 20 (5)
CVID 295(69)
DGS 6(1)
HIGM 7(2)
LAD 0(0)
MAD 44 (10)
NEMO 2(1)
SCID 11(3)
WAS 2(1)
Male 200(47)
Race/ethnicity(/NV=343)
African American/Black 15 (4)
American Indian/Native American  1(0.3)
Asian or Pacific Islander 3(0.9)
Caucasian/White 324(94)
Initial BMI, mean (SD) N = 346 24.4(7.2)
Age, in years mean (SD) 39.1(20.4)
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Demographics of all PID patients in the USIDnet registry reported to have experienced fatigue
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Table 2

Summary of immune phenotypes of all PID patients with fatigue

Characteristic

Median (25th, 75th)

Absolute lymphocyte count (A= 179)
CD3% (M= 210)

CD3(ul) (A= 215)

CD4% (M= 229)

CDA(ul) (M= 206)

CD8% (A= 197)

CD8(ul) (A= 195)

CD19%(A= 191)

CD19 (ul) (N= 186)

CD20%( A= 56)

CD20 (ul) (M= 49)

CD56CD16 NK cells (%)(A= 158)
CD56CD16 NK cells (ul) (A= 152)
CDACDA45RA naive T(%) (A= 46)
CDACD45RA naive T(ul), (A= 36)
CD4CD45R0 memory T(%) (A= 44)
CD4CD45R0O memory T(ul), (A= 33)

1800(1200, 2390)
75(68, 82.5)
1249(769, 1700)
45(36.2, 54.4)
704 (462, 1072)
25(18, 32.2)
440(265, 621)
13 (6.3, 19)
227.5 (55, 404)
11.1 (3.4, 19.1)
246(46, 404)
8(5, 13)
121(69.5, 224.5)
27.4(9.6, 37)
320.5 (131.5, 655)
39.45 (23.05, 78.1)
290(181, 380)
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Table 3

Page 22

Summary of non-infectious comorbidities and complications observed in PID patients with fatigue (N = 430)

Complication N(%)
Hemolytic anemia 10 (2%)
Idiopathic thrombocytopenia (ITP) 6(1%)
Thrombocytopenia 64 (15%)
Thrombotic thrombocytopenia 8(2%)
Leukopenia 16 (4%)
Splenomegaly 60 (14%)
Cancer (any type) 47 (11%)
Granuloma 37 (9%)
Colitis 32 (7%)
Lymphoma (any type) 10 (2%)
Melanoma 3(1%)
Adrenal Insufficiency 9(2%)
IBD, not otherwise specified 20 (5%)
Interstitial lung disease 23 (5%)
Pulmonary fibrosis 5(1%)
Bronchiectasis 68 (16%)
Arthritis (rheumatoid-juvenile) 69 (16%)
Bronchitis olbitrans 4(1%)
Bronchiolitis—follicular 1(0.2%)
Internal lung parenchyma 1(0.2%)
Hashimoto’s thyroiditis 8(2%)
Pulmonary lymphoproliferative 1(0.2%)
Bronchiolitis obliterans organizing pneumonia (BOOP) 6(1%)
Chronic inflammatory demyelinating polyneuropathy 1(0.2%)
Vasculitis 4(1%)
Hepatomegaly 23 (5%)
Lymphadenopathy 65 (15%)
Raynaud’s 8 (2%)
Sjogren’s disease 8(2%)
Eosinophilic esophagitis, Celiac disease 18 (4%)
Depression 101(23%)
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Comparison of patient characteristics by fatigue status among patients with primary antibody deficiency

disorders—second query

Table 4

No fatigue Fatigue p Valued

Total patients with PAD, N (%) 855(69%) 385(31%)
Specific disease, M%) <0.001

AGAMMA 173(20%) 25 (6%)

CVID 564(66%) 307(80%)

HIGM 27 (3%) 7(2%)

MAD 91 (11%) 46 (12%)
Female, NV (%) 369(43%) 220(57%) <0.001
Caucasian, N (%) 602/652 (92%)  290/302 (96%) 0.034
Initial BMI, mean (SD) /=568, 305  22.7 (6.8) 25.0(7.4) <0.001

aSignificant pvalues are provided

Page 23

PAD primary antibody deficiency, AGAMMA agammaglobulinemia, CV/D common variable immunodeficiency, H/GM hyper-IgM syndrome,
MAD miscellaneous antibody deficiencies, BM/body mass index
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Comparison of lymphocyte phenotype based on of fatigue status among patients with primary antibody
deficiency disorders—second query

Table 5

Total patientswith anti body deficiency No fatigue Fatigue p Value
855(69%) 385(31%)
Median (25th, 75th)  Median (25th, 75th)
Absolute lymphocyte count (A=253, A= 158) 2100 (1360, 3185) 1775 (1200, 2291) 0.0015
CD3% (M=375, \= 188) 76 (68, 85) 76 (70, 83) 0.8667
CD3(ul) (V=348, N= 186) 1404 (928, 2134) 1239 (762, 1692) 0.0014
CD4% (N=377, M= 198) 44 (36, 53) 46.9 (38, 57) 0.0499
CDA4(ul) (NV=341, N=179) 802(506, 1295) 701(462, 1050) 0.0158
CD8% (N=347, M= 173) 25.9 (19, 33) 25 (19.3, 33) 0.7142
CD8(ul) (M=328, \= 168) 501 (312, 854) 416 (249, 610) 0.0010
CD19%(N=335, A= 171) 13 (6, 20) 12.2 (6, 18.9) 0.7747
CD19 (ul) (A=318, A= 162) 221(75, 482) 209.5(52, 344) 0.1561
CD20%, (N= 116, A= 48) 9.85 (3, 17.5) 10.5 (2.85, 16.7) 0.9755
CD20 (ul) (N=100, A= 45) 237(83.5, 438) 223.8(46, 363) 0.6973
CD56CD16 NK cells %(A=281, A= 141) 7.8(5, 11.6) 8(5, 13) 0.3414
CD56CD16 NK cells (ul) (M=256, A= 134)  137(82.5, 248.5) 120.9(66, 216) 0.0881
CDACD45RA naive T %(N=69, N=41) 33(13,48) 29.9 (14.8, 36.9) 0.2244
CD4CD45RA naive T (ul) (A=51, A= 32) 437(102, 992) 359(143.5, 698) 0.4892
CD4CD45RO memory T %(A=59, A= 38) 17 (9.1, 42.4) 39.5 (22, 80.2) 0.0030
CDACD45RO memory T(l) (N=49, A=29)  268(163, 408) 294(194, 384) 0.6679

Significant p values are indicated in bold
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Comparison of non-infectious complications according to fatigue status among patients with primary antibody

deficiency disorders—second query

No fatigue Fatigue p Value
All antibody-deficient patients (A= 1240) 855(69%) 385(31%)
Non-infectious complications N(%) N(%)
Hemolytic anemia 16/380(4%) 7(2%) 0.059
Idiopathic thrombocytopenia (ITP) 25/380(7%) 3(1%) <0.001
Thrombocytopenia 57/380(15%) 49 (13%) 0.363
Thrombotic thrombocytopenia 3/380(1%) 7(2%) 0.341
Leukopenia 4/380(1%) 13 (3%) 0.047
Splenomegaly 43/380(11%) 51 (13%) 0.416
Cancer (any type) 47/380(12%) 47 (12%) 0.946
Granuloma 12/380(3%) 28 (7%) 0.014
Colitis 0 25 (6%) <0.001
Lymphoma (any type) 13/380(3%) 11(3%) 0.684
Melanoma 0 3(1%) 0.249
Adrenal Insufficiency 0 7(2%) 0.015
IBD, not otherwise specified 0 18 (5%) <0.001
Interstitial lung disease 0 22 (6%) <0.001
Pulmonary fibrosis 0 3(1%) 0.249
Bronchiectasis 0 60 (16%) <0.001
Arthritis (juvenile rheumatoid) 0 62 (16%) <0.001
Bronchitis olbitrans 0 2(0.5%) 0.499
Bronchiolitis-follicular 0 1(0.3%) 0.999
Internal lung parenchyma 0 1(0.3%) 0.999
Hashimoto’s thyroiditis 1/380(0.3%)  7(2%) 0.069
Pulmonary lymphoproliferative 0 1(0.3%) 0.999
Bronchiolitis obliterans organizing pneumonia (BOOP) 0 5(1%) 0.062
Chronic inflammatory demyelinating polyneuropathy 0 1(0.3%) 0.999
Vasculitis 4/380(1%) 3(1%) 0.724
Hepatomegaly 2/380(1%) 17 (5%) 0.001
Lymphadenopathy 49/380(13%) 52 (14%) 0.831
Raynoud’s 2/380(1%) 8(2%) 0.107
Sjogren’s disease 3/380(1%) 7(2%) 0.341
Eosinophilic esophagitis Celiac disease 0 16 (4%) <0.001
Depression 0 91 (24%) <0.001

Significant p values are indicated in bold
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Table 7

Comparison of patient characteristics by fatigue status among patients with common variable
immunodeficiency—second query

CVID patients Non-fatigue Fatigue p Value
Age (years), mean (SD) A//=540, 307 38.8 (21.3) 43.7 (19.8) 0.001
Age, M%) 0.001

<8 16 (3%) 3(1%)

8-18 121(21%) 35 (11%)

19-24 61 (11%) 40 (13%)

25-34 57 (10%) 33 (11%)

35-44 61 (11%) 34 (11%)

45-54 71 (13%) 55 (18%)

55-64 74 (13%) 54 (18%)

65-74 65 (12%) 42 (14%)

>75 38 (7%) 11(4%)
Initial BMI, mean (SD) V=386, 242 23.4 (6.7) 25.4 (7.5) 0.0004
Caucasian/white, M%) 419/440 (95%)  240/246 (98%)  0.155
Female, M%) 313/564 (55%) 1807/307(61%) 0.132

Significant p values are indicated in bold
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