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ABSTRACT

Introduction: Bacterial meningitis is a severe disease
with high morbidity. Many medical conditions are known
to be associated with meningitis including Attention
Deficit Hyperactivity Disorder (ADHD).

The goal of the present study was to examine the
frequency of ADHD in children who had had bacterial
meningitis. An additional goal was to assess the odds
ratio for ADHD in children who had had meningitis and
children who had not had it.

Methods: The sample comprised 60 children who had had
meningitis in the first year of their lives and 60 control
childrenwhohad not had the disease. ADHD was assessed
through the structural clinical interviews with parents
according to the criteria set in DSM-|V.

Results: The total frequency of ADHD in children who had
had meningitis was 62%, as compared to 5% in children
who hadnot had the disease. The odds ratio for developing
ADHD was 30.5(95% Cl=8.5t0109) in favor of children
in the meningitis group.

Conclusion: Meningitis is a significant risk factor for
developing ADHD later in childhood. Children who had
meningitis need to be monitored for timely detecting
and treating ADHD symptoms.

INTRODUCTION

Meningitis is identified by an abnormal number of white
blood cells in cerebrospinal fluid. The incidence of bacte-
rial meningitis is about 5 cases per 100,000 in developed

countries but this may be 10 times higher in less developed
countries (1). There is a different incidence rate of meningitis
in relation to the socioeconomic status of the country. Some
cultural reasons might, in addition, explain differences
in the prevalence of meningitis. As an example of this,
Gounder et al. (2) found that indigenous people in the North
American Arctic have much higher rates of meningitis
compared to non-indigenous populations. The exact rate
of meningitis in Bosnia and Herzegovina is still unknown,
as there are no studies that have examined the prevalence of
the disease. The epidemiology of bacterial meningitis has
been significantly reduced thanks to the widespread use of
conjugate vaccines (3, 4). The incidence levels drop every
year, but it is still the case that children and youngsters are
most at risk of developing the disease (5). Approximately
70% of meningitis cases occur in children younger than
five years. There are many medical conditions known to
be connected to meningitis (6). Some of the complications
following meningitis include: paralysis of cranial nerves,
hemiparesis, quadriparesis, muscular hypertonus, ataxia,
epilepsy, obstructive hydrocephalus, attention disorder,
impaired hearing and vision, and intellectual disability (7).
Neurodevelopmental functions and cognitive development
can also be affected by central nervous system infections (8).
The link between meningitis and attention deficit hyperactiv-
ity disorder (ADHD) is not clear enough and has not been
the subject of much scientific inquiry. Existing studies have
shown that ADHD is one of the most common complica-
tions of meningitis in childhood, but the strength of this
relationship remains unknown (9).

Unlike meningitis, which is relatively rare in children,
ADHD is one of the most frequent neurobehavioral
disorders in children affecting approximately 3-7% (10,
11). The 5™ edition of Diagnostic and Statistical Manual of
Mental Disorders (DSM-5) defines ADHD as a persistent
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pattern of inattention and/or hyperactivity that is more
frequent and more severe than is expected for typical
children at a similar level of development (12). There
are three types (presentations) of ADHD: predominantly
inattentive presentation, predominantly hyperactive/
impulsive presentation and combined presentation.

The exact etiology of ADHD is still unknown, although
most studies point to a biological cause of the disor-
der. ¥ Cortese (14) provides an excellent review of the
potential causes of ADHD ranging from anatomic to
genetic correlates of the disorder. Besides a number
of neuropsychological deficits present in the disorder,
ADHD is also characterized by different development
of the brain in comparison to controls (15). Viral and
bacterial infections of the central nervous system (CNS)
have been implicated as a potential causative factor in
ADHD (16). When examining the relationship between
some neurological conditions and ADHD, it is important
to note that the majority of children with ADHD do
not have a major injury of the central nervous system
(CNS) and that the majority of children with a structural
injury to the CNS do not present with the symptoms of
ADHD (17).

There are many studies that have examined the link
between ADHD and some neurological conditions. Dunn
et al. (18) found that children with epilepsy have more
attention problems than children without epilepsy and that
38% of children with epilepsy met the diagnostic criteria
for ADHD. Bloom et al. (19) examined the prevalence of
novel psychiatric diagnoses after pediatric traumatic brain
injury and found that 44% of the children met the criteria
for ADHD after the injury. Max et al. (20) found that 46%
of children who had suffered a childhood stroke developed
the symptoms of ADHD. The frequency of ADHD among
children with intellectual disability was 20.4%, while the
frequency among children with intellectual disability
caused by organic brain injury was 25.7% (21).

There are few studies that have examined the direct
relationship between meningitis and ADHD. In a study by
Wait et al. (9), the authors found that all children who had
had meningitis in their study (n=21) later also developed
ADHD. Gau et al. (8) examined the frequency of ADHD
symptoms in a sample of children who had an Enterovirus
71 infection and found that 20% of them later developed
ADHD.

AIMS OF THE STUDY
Because there is a lack of studies examining the strength
of the relationship between ADHD and meningitis, we

attempted to fill the gap with this study. The goals of the

present study are:

« To examine the frequency of ADHD in a sample of
children who had had meningitis;

« To examine the odds ratio of developing ADHD
between children who had had meningitis and chil-
dren without meningitis;

 To examine the moderating effect of gender on fre-
quency of ADHD in children who had had meningitis.

METHODS

PARTICIPANTS AND PROCEDURE

This is a retrospective observational study that comprised
60 children who had been treated for meningitis in the
Cantonal Hospital Zenica, Bosnia and Herzegovina,
from January1,1999 to December 31, 2001. At the time
of treatment for meningitis the children were aged 1
year and younger. They were treated with antibiotics
and successfully cured of the disease. There were 36 boys
(60%) and 24 girls (40%) in the sample. Parents of the
children were interviewed about the presence of ADHD
when they brought their children in for a regular medical
checkup in 2007/8. At that time, the children from the
meningitis group children were attending elementary
school, grades 1 to 3 (mean age 7.6 years). We used a
structured clinical interview according to DSM-IV cri-
teria for establishing the diagnosis of ADHD and the
cut-off criteria for diagnosing ADHD was at least six
symptoms in the inattention category or six symptoms in
the hyperactivity-impulsivity category. The control group
consisted of children matched by age and gender to the
children in the meningitis group, but who did not have
any neurologic condition prior to the assessment. They
were recruited through the local school in Zenica. Parents
of these children were asked to come to the Cantonal
Hospital Zenica and provide us with information on
these children. Written consent forms from parents were
received prior to the assessment. Ethical approval for this
study was obtained from the Institutional Review Board
at University Clinical Center Tuzla.

STATISTICAL ANALYSIS

For the data analysis, the frequency of ADHD in both
groups (meningitis group and control group) was pre-
sented. The Chi-square test was used to determine if
there were statistically significant differences in the fre-
quency of ADHD in the meningitis and control groups.
Furthermore, we calculated the Phi coefficient as a mea-
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sure of the effect size and odds ratio to examine if and
to what extent meningitis at the age of infancy increases
the chances of developing ADHD later in childhood.
In addition to this we checked if there were statistically
significant differences in the frequency of ADHD in the
meningitis group in relation to the child’s gender. An
alpha level of .05 was set for all statistical tests. Statistical
analysis was performed with SPSS v13.

Table 2 shows the results of frequency of ADHD in
relation to gender in the meningitis group.

According to the results of the Chi-square test, there
were no statistically significant differences in the fre-
quency of ADHD in relation to gender (X*(1) = 0.50,
p=.48). The odds ratio was 1.7 in favor of boys (95% Cl=
0.6 t0 4.9). The Phi coefficient, as a measure of effect size,
was very small as well, 0.09.

RESULTS

The first goal was to examine the overall frequency of
ADHD in the meningitis group and in the control group.
The results are shown in Table 1.

The results of the Chi-square test indicate a large dif-
ference in the frequency of ADHD in meningitis group
and control group (X?*(1)=40.8, p<.001). The Phi coef-
ficient, as a measure of correlation between ADHD and
meningitis, was moderate to large at 0.51. The odds ratio
was 30.5 (95% CI = 8.5 to 109) in favor of children in the
meningitis group. Children in the meningitis group had
amean of 8.3 symptoms (median 8 symptoms) according
to the DSM-IV criteria and children in the control group
had a mean of 7.3 symptoms (median 7 symptoms). In
relation to the type of ADHD, all children (n=3) in the
non-meningitis group had the predominantly hyper-
active-impulsive ADHD type, while in the meningitis
group 17 children had ADHD-combined type and 20
children had the predominantly hyperactive-impulsive
ADHD type. None of the children had the predominantly
inattentive ADHD type.

Table 1. Frequency of ADHD in meningitis group and ina
control group of children

ADHD
With W/o Total
Group N % N % N %
Meningitis group 37 62 23 38 60 100
Control group 3 5 57 95 60 100

Table 2. Frequency of ADHD in children who had had
meningitis in relation to the child's gender

ADHD
With W/o Total
Group N % N % N %
Boys 24 66.5 | 12 335 36 100
Girls 13 542 1 458 24 100
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DISCUSSION

The goal of this study was to determine the frequency
of ADHD among the children who had had meningitis.
The results clearly show that meningitis can be regarded
as a significant risk factor for developing ADHD. The
frequency of ADHD in the meningitis group was 62%,
and in the control group it was 5%. Although the sample
size of the control group was fairly small to determine the
prevalence of ADHD in typically developing children, the
frequency was found to be in accordance with existing
studies. Children who had had meningitis were 30 times
more likely to have ADHD than children who had not
had meningitis. This finding is in agreement with existing
studies (9), although not all children developed ADHD
in our sample. It would be useful to know if the children
who developed ADHD and children who did not develop
ADHD differed in any systematical way.

Regarding the frequency of ADHD in relation to gen-
der, the results of this study are not in line with existing
studies. Most of the existing studies examining gender and
ADHD have found a strong moderating effect of gender,
with boys having a much higher chance of developing
ADHD. The ratio reported in studies varies from 3:1-5.1,
although there are studies reporting the ratio to be 9:1
in favor of boys (22). However, it might also be the case
that girls are less likely to be referred for the assessment
of ADHD due to their less frequent externalizing behav-
iors (23). This study did not find any gender effect on
the frequency of ADHD. There are a couple of possible
explanations for this finding. First of all, it might be the
case that a gender effect does not exist. There are some
studies examining ADHD in special populations, and
these studies failed to find any gender effect. Buckley et
al. (24) and Memisevic and Sinanovic (21)) did not find
any gender effect on the ADHD in children with intel-
lectual disability. The latter, for example, found an ADHD
ratio of 1.5:1 in favor of boys in a sample of children with
intellectual disability (21). Similarly, Turygin et al. (25)
found an odds ratio of 1.03:1 in favor of boys in a large



sample of children at risk for developmental delay. The
lack of gender effect on ADHD is also evident in children
with epilepsy (18). These studies clearly show that the
gender effect on ADHD is much smaller in the specific
populations (children with intellectual disability, epilepsy,
or who had had meningitis) than in the general popula-
tion. The second and less likely explanation may be that
the gender effect does, in fact, exist but was not found
due to a small sample size (possibility of type 2 error).

These results can be seen as preliminary as there are
no other studies examining gender effect in ADHD in
children who had had meningitis. Additional studies are
needed to determine the exact influence of gender on
ADHD in children who had had meningitis. Another
finding of this study that warrants further exploration is
that not all children who had had meningitis have devel-
oped ADHD. One of the questions that the present study
raised is whether the children who have ADHD due to
meningitis are in some systematic way different from the
children who do not have ADHD but had had meningitis.
It could be the case that children with ADHD had more
severe meningitis symptoms than children without it. Or it
may be that a particular causative factor is responsible for
subsequent ADHD. Another potential difference might
lie in the differences in Intelligence Quotient between
the meningitis groups with and without ADHD.

In light of the present findings it is important to create
programs aimed at preventing the ADHD and reducing
the symptoms in children who develop meningitis. The
most common treatments for ADHD are pharmacologi-
cal and behavioral. The first line of medications used in
pharmacological treatment of ADHD are stimulants. They
have a long-term positive effect on ADHD and are well
tolerated (26). It is important to note that due to its high
comorbidity with other psychiatric disorders patients
with ADHD need to be followed as adults to secure best
possible treatment options (27). Besides pharmacological
treatments, there are many behavioral programs known
to prevent and reduce ADHD symptoms in children.
One such program, Fast Track, has demonstrated a sta-
tistically significant and clinically meaningful positive
effect on reducing the risk of ADHD. The reduction rate
was considerable at 53% (28). Similar positive effects
were observed with the Summer Treatment Program
for adolescents (29). These kinds of programs need to be
systematically provided to children at risk of developing
ADHD, such as children who had had meningitis. We
believe that teachers and other school staff working with
children (psychologists, speech therapists) need to be

familiar with these programs and to incorporate them
into their regular practice. Educational programs and
behavioral training for parents have also shown a positive
effect in reducing the symptoms of ADHD and they too
should be part of the services offered in schools (30).
Finally, let us mention some of the limitations of this
study. First of all, we did not collect some of the demo-
graphic data that might have an impact on ADHD. For
example, it may be the case that the ADHD group of
children had a more severe form of the meningitis than
the group without it. Also, the duration of the disease as
well as the exact cause of bacterial meningitis might have
an impact. This was not set as a goal in this study, but
these data would certainly be useful in further elucidat-
ing the link between ADHD and meningitis. Another
limitation is that we did not collect information on the
ADHD symptoms from the teachers, and these data would
certainly increase the reliability of the present findings.

CONCLUSIONS

ADHD is a frequent disorder among children who have
had meningitis. There were no differences in the fre-
quency of ADHD between girls and boys. Knowing the
risks involved, there should be specific programs aimed
at preventing and reducing ADHD symptoms in children
who have had meningitis.
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