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Cognitive Function in Patients With Chronic Granulomatous
Disease: A Preliminary Report
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Chronic granulomatous disease is an inherited immunodeficiency in which phagocytes fail to
generate superoxide and its metabolites, resulting in severe recurrent infections and frequent hos-
pitalizations. Chronic illness and frequent hospitalizations can affect growth and development as
well as social and educational opportunities. Since no data have been reported on cognitive
functioning in patients with this illness, the authors sought to examine cognitive function in a
group of patients with chronic granulomatous disease. A retrospective chart review of 26 patients
seen and followed at the National Institutes of Health who had received cognitive testing at the
request of parent or staff was performed. Demographic information including medical, psychiat-
ric, and developmental histories was gathered. Six patients (23%) were found to have an IQ of
70 or below, indicative of cognitive deficits, and all of those patients had defects in the mem-
brane-linked cytochrome b558. The prevalence of cognitive deficits in this selected population of
chronic granulomatous disease patients was high. The determination of the true distribution of
cognitive functioning in the general chronic granulomatous disease population is important,
since cognitive deficits have implications for educational planning and potential therapies such
as transplantation and gene therapy in children. (Psychosomatics 2004; 45:230–234)
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Chronic granulomatous disease is a genetic immuno-
deficiency in which phagocytes fail to generate an

oxidative burst because of mutations in the genes of the
reduced nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase complex. Patients with this disorder
have recurrent life-threatening infections with catalase-

positive bacteria and fungi. Exuberant tissue granuloma
formation can obstruct the bladder, kidney, esophagus, and
pylorus. Granulomatous colitis is seen in up to 30% of
chronic granulomatous disease patients.1

Chronic granulomatous disease affects about 1 in
200,000 individuals and usually appears in early child-
hood, but more adult cases are being recognized.2 In
chronic granulomatous disease, four separate and distinct
molecular genetic defects are known and characterized.
Glycoprotein (gp) 91phox (phagocyte oxidase) is located at
Xp23.1; the other three (p22phox, p47phox, and p67phox) are
autosomal recessive and found on chromosomes 16, 7, and
1, respectively. In the United States, approximately 70% of
chronic granulomatous disease cases are X-linked, about
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TABLE 1. Immunodeficiencies Associated With Cognitive Defects

Syndrome Gene Product MIMa

Chédiak Higashi syndrome LYST 2145000
Immunodeficiency-centromeric instability facial anomalies syndrome DNA methyltransferase 3B 242860
Nijmegen breakage syndrome Nibrin/p95 251260
Immunodeficiency with cleft lip/palate, cataract, hypopigmentation,

and absent corpus callosum
Unknown 242840

Ataxia telangiectasia Ataxia telangiectasia, mutated 208900
Griscelli syndrome Myosin VA 214450
Dyskeratosis congenital (including Hoyerall-Hreidarsson syndrome) DKC1 305000
Cowden disease CD Phosphatase, tensin homolog 158350
Glucose-6-phosphate dehydrogenase deficiency G6PD 305900
Leukocyte adhesion deficiency type II [congenital disorder of

glycosylation (CDG) IIc]
GDP fucose transporter-1 266265

Velocardiofacial syndrome DGCR 192430
Adenosine deaminase deficiency ADA 102700

aThe MIM number refers to the assignment for that disease in the Mendelian Inheritance in Man database, found at www.ncbi.nlm.nih.gov/
omim/.

25% are due to homozygous mutations in p47phox, and the
remainder are split between p22phox and p67phox.2

In the past, children with chronic granulomatous dis-
ease suffered severe and often fatal infections of the lung,
liver, lymph nodes, bone, or skin, with death in the second
or third decade being common. However, antibacterial, an-
tifungal, and cytokine treatments for chronic granuloma-
tous disease have improved dramatically over the last de-
cade, and substantial numbers of patients now live into
adulthood. Therefore, issues involving the social, aca-
demic, and cognitive function of these patients have taken
on increased importance. Cognitive and behavioral abnor-
malities have been identified in a variety of immunodefi-
ciencies, including Chédiak-Higashi syndrome,3 Griscelli
syndrome,4 leukocyte adhesion deficiency type II,5 glu-
cose-6-phosphate dehydrogenase deficiency,6 and adeno-
sine deaminase deficient severe combined immunodefi-
ciency7 (Table 1). However, cognitive functioning has not
been investigated in patients with chronic granulomatous
disease. Chronic illness can negatively impact a child’s
normal physical and psychosocial development as well as
limit social and educational opportunities. Cognitive defi-
cits may further complicate chronic illness. When these
deficits are as severe as mental retardation, treatment in
many realms—medical, educational, and social—is af-
fected.

An observation made by one of us (M.P.) that an un-
usually large number of chronic granulomatous disease pa-
tients referred for evaluation had IQ scores that were �70
prompted a careful retrospective chart review to determine
the frequency of cognitive deficits in this previously un-
studied group.

Mental retardation is defined as “significant subaver-
age general intellectual functioning existing concurrently
with deficits in adaptive behavior and manifested during
the developmental period,” with an IQ two standard devi-
ations below the mean (i.e., 70 or below; mean IQ�100).8

In addition to low IQ, the diagnosis of mental retardation
requires significant limitations in adaptive functioning in
at least two of the following areas: self care, communica-
tion, home living, social skills, community use, self direc-
tion, health and safety, functional academics, leisure, and
work, as typically assessed with the Vineland Adaptive Be-
havior Scales. The “developmental period” refers to the
first 18 years of life.9

While the prevalence of mild mental retardation is be-
tween 1%–3% of the population, its etiologies are myriad.8

Chromosomal abnormalities, inborn errors of metabolism,
and genetic syndromes are seen in almost 20% of cases of
mild mental retardation and almost 50% of cases of severe
mental retardation.10

The early identification of cognitive deficits facilitates
appropriate guidance of children, adolescents, and their
families to a variety of specialized resources, including en-
hanced school settings, speech and language therapies, and
planning for socialization, home living, functional inde-
pendence, and employment.

METHOD

A retrospective chart review was conducted of 26 chronic
granulomatous disease patients followed at the National
Institutes of Health who underwent neuropsychological
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FIGURE 1. Distribution of IQ Determinations in 26 Patients With
Chronic Granulomatous Diseasea
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aThe standard IQ curve around the average of 100 is shown. Dark
filled circles indicate one patient each, light filled circles (at 75 and 88)
indicate two patients each. Note the preponderance of data points on
the left side of the curve.

testing for educational or behavioral issues at the request
of family or staff. Patients ranged in age from 5 to 27 years
and spoke English.

For each patient we collected demographic, medical,
and genotypic data as well as documented available de-
velopmental, medical, radiologic, family, and psychiatric
histories. Medical histories included previous or ongoing
receipt of interferon gamma, a cytokine used to prevent
infection in chronic granulomatous disease, and informa-
tion from brain imaging with CT or MRI scanning, which
were performed as medically indicated.

A licensed clinical psychologist (E.A.W.) adminis-
tered one of three versions of the Wechsler intelligence
tests, depending on the age of the patient.11–13 Some pa-
tients were also given one or more of the following: Vine-
land Adaptive Behavior Scales: Interview Edition, Wide
Range Achievement Test-Third Edition (WRAT-III), Mc-
Carthy Scales of Children’s Abilities, and Woodcock-
Johnson Psycho-Educational Battery. One patient was ex-
amined elsewhere.

The distribution of IQ in the chronic granulomatous
disease patients was compared with the normal distribution
as reported by Batshaw.10 A one-tailed exact binomial test
was performed to determine the true value of low IQ in
our chronic granulomatous disease patient group. Differ-
ences in IQ by genotype were analyzed by a two-tailed
t test.

RESULTS

Twenty-six chronic granulomatous disease cases were re-
viewed, 88% (N�23) of whom were male. The mean age
at time of cognitive testing was 12.9 years, the median age
was 10 years. Sixty-nine percent (N�18) were Caucasian,
19% (N�5) were African American, and 12% (N�3)
were Hispanic. Seventy-seven percent (N�20) had the
gp91phox (X-linked) chronic granulomatous disease geno-
type, while the p47phox, p22phox, and p67phox genotypes
were seen in 15% (N�4), 4% (N�1), and 4% (N�1),
respectively. This distribution is typical for the disorder:
70% of cases are due to the X-linked form of the disease,
and are therefore male; the remaining 30% of cases are
autosomal recessive and have an equal sex ratio. Therefore,
approximately 85% of all cases are male. The numbers of
African American and Hispanic subjects in our patient
group are approximately the same as in the general United
States population.

Thirteen patients had brain imaging data. Findings in-
cluded a brain abscess (N�1, IQ�70), calcifications

(N�1, IQ�87), hydrocephalus (N�1, IQ�44), leuko-
malacia (N�1, IQ�86), and cortical atrophy (N�1,
IQ�75). Eight patients had normal CT or MRI results (IQs
of 88 [N�2], 100, 104, 105, 113, 124, and 126). Twenty-
four patients (92%) had been receiving interferon gamma
at some point in their lives, but only 16 patients (62%)
were receiving interferon gamma at the time of IQ testing.

The mean IQ among the tested chronic granulomatous
disease patients was 89 (Figure 1). A 1-tailed exact bino-
mial test shows that the rate of low IQ was higher in this
selected chronic granulomatous disease patient group than
in the general population (p�0.0001). Out of the 26 eval-
uated patients, six (23%) had an IQ �70. All of the patients
with IQ �70 had defects associated with the membrane-
linked cytochrome b558 (gp91phox or p22phox). Of these six,
five were male with the X-linked chronic granulomatous
disease genotype, and one was female with the p22phox ge-
notype. There was no statistical difference between IQ lev-
els by genotype (gp91phox and p22phox: IQ range�44–124;
p47phox or p67phox: IQ range�75–126) (p�0.36), but the
number of patients with cytosolic factor defects was small.

DISCUSSION

The current study was based on a selected group of referred
patients with an inborn error affecting the generation of
superoxide, a molecule critical to innate and acquired im-
munity. We cannot distinguish whether the cognitive defi-
cits seen here are distinctly related to chronic granuloma-
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tous disease or to other variables, such as occult or overt
central nervous system infection, severity of illness, mul-
tiple and prolonged hospitalizations, high rates of school
absenteeism, or decline in family socioeconomic status.
However, studies in other similar chronic illnesses have not
shown cognitive deficits. For instance, patients with cystic
fibrosis are also susceptible to serious and frequent infec-
tions, have multiple long-term hospitalizations, receive
multiple courses of similar intravenous antibiotics, and
have multiple episodes of fever and respiratory compro-
mise. However, previous studies have shown average to
above average IQ in cystic fibrosis patients, suggesting that
chronic illness is not per se a cause of cognitive impair-
ment.14,15

The lack of superoxide production in chronic granu-
lomatous disease could lead to a variety of effects that
could critically influence the development of the brain and
cognition, either directly or through failed interaction with
other pathways leading to abnormal development of neu-
rons, microglia, or oligodendrocytes. In addition to their
critical roles in host defense, reactive oxidants are crucial
signaling molecules 1) in the activation of nuclear factor
kappa B (NFkB);16 2) in the processing of antigens for
surface display by adherent cells, which may influence the
course of CNS immune responses;17 3) in T cell responses
to antigen, through a nitric oxide mediated pathway;18 and
4) in the promotion of cellular apoptosis, which may affect
neurons, glia, or infiltrating inflammatory cells.19

NADPH oxidase activity is present in mouse microglia
and neurons.20,21 Absence of NADPH-dependent super-
oxide production as found in the chronic granulomatous
disease mouse model leads to attenuated brain ischemic
damage due to both hematopoietic and brain parenchymal
contributions.22 Excess scavenging of superoxide by over-
expressed superoxide dismutase genes in transgenic mice
leads to impaired long-term potentiation, a crucial step in
the generation of memory.23 Since lack of superoxide is the
fundamental defect in patients with chronic granulomatous
disease, and this is the effect that would be reproduced in
the presence of an overabundance of superoxide dismutase,
impaired generation of memory should be investigated in
these patients. Therefore, the generation and presence of
superoxide may have effects well beyond those of bacterial
killing alone.

A 23% prevalence rate of cognitive deficits in this se-
lected chronic granulomatous disease population is signifi-
cantly higher than the 1%–3% low IQ prevalence in the
general population. Cognitive and behavioral abnormali-
ties have been recognized in adenosine deaminase deficient

severe combined immunodeficiency by Rogers et al.7 The
direct relationship they showed between plasma adenosine
deaminase levels and IQ suggests that the severity of the
immunodeficiency is linked to cognitive ability. This might
be due to excess adenosine or mediated through the im-
mune defect. Of special interest in view of future therapies
for chronic granulomatous disease is that successful bone
marrow transplantation did not alter behavioral problems
in adenosine deaminase deficient severe combined immu-
nodeficiency, suggesting that there may be early irrevers-
ible brain damage. A significant number of immunodefi-
ciencies affecting both the innate and acquired immune
systems have been associated with cognitive defects, as
shown in Table 1.

Out of the 156 patients with chronic granulomatous
disease we have seen at NIH, we examined only the charts
of 26 patients who received cognitive testing, and those
that were examined had been referred for testing for cause,
undoubtedly biasing our sample. Despite this admitted
bias, the data presented here are compelling. Recently,
Winkelstein et al.2 reported 368 patients with chronic gran-
ulomatous disease compiled through a national registry.
The six cases of IQ �70 reported here would be the num-
ber expected in the total nationally identified patient popu-
lation with chronic granulomatous disease, if the rate of IQ
�70 were at the normal level of 1%–3%. These low rates
of cognitive function as measured by IQ may actually re-
flect a more discrete defect or set of defects, such as those
that might affect learning or memory.

The rate of cognitive deficits was surprisingly high in
this selected chronic granulomatous disease population. At
this point, it is not clear whether this reflects sequelae of
recurrent infections or of the defect in superoxide genera-
tion. Regardless of the etiology of these problems, their
rate in this cohort was high. As treatments improve and
substantial numbers of patients with chronic granuloma-
tous disease live into adulthood, it is critical to know
whether there are chronic granulomatous disease-specific
cognitive and behavioral phenotypes. Early identification
of cognitive deficits and behavioral difficulties allows chil-
dren, adolescents, and their families to seek a variety of
specialized resources. These unanticipated findings in
chronic granulomatous disease patients deserve further
prospective study in humans as well as in available mouse
models.
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