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Abstract

This study measures the incidence and prevalence of idiopathic intracranial hypertension (IIH) in children in Wales and
assesses risk factors and health care utilisation. We identified 177 children (I-15 years) with lIH diagnosed between
2003 and 2017. Incidence increased from 1.6/100 000 per year (2003) to 3.5/100 000 per year (2017). Sixty-three per-
cent of the cases were girls, and 87% were diagnosed between 7 and |5 years. Children in the most deprived quintile
were more likely to develop IIH compared to children in the least deprived quintile (odds ratio [OR] = 1.7 [95%CI =
1.1-2.9]). Obese and overweight children were more likely to develop IIH compared with non-overweight children
(ORs =21 [95%Cl=9-51] and 5.1 [95%Cl = 1.9-14]). Children with IIH had higher hospital admission rates than chil-
dren without IIH (rate ratio=3.9; 95% CI 3.6-4.3). The increasing incidence, association with BMI and deprivation, and
increased health care utilisation in children with IIH are relevant findings to health care professionals and policy makers.

Keywords

children, epidemiology, idiopathic intracranial hypertension, obesity, socio-economic deprivation

Received: January 23, 2026; accepted: March 10, 2026

Idiopathic intracranial hypertension (ITH), also known as
pseudotumor cerebri or primary intracranial hypertension,
is a condition characterised by raised intracranial pressure
of unknown cause.' People with IIH are at risk of head-
aches, visual disturbance, and visual loss.*~® Other symptoms
can include back and neck pain, nausea and vomiting, diplo-
pia, tinnitus, and dizziness.>* ITH is diagnosed in the pres-
ence of papilloedema, a raised cerebrospinal fluid (CSF)
opening pressure (generally greater than 28cmCSF when
measured in the left lateral position), normal CSF constitu-
ents, normal brain imaging, and the exclusion of potential
secondary causes of raised intracranial pressure such as
venous sinus thrombosis, thyroid disease, certain medica-
tions, stroke, and traumatic brain injury.>>’~° Rarely, ITH
can be diagnosed without papilloedema if these criteria are
present with a unilateral or bilateral abducens nerve palsy.’

ITH primarily affects obese women of childbearing age,
but can affect children.' In children, ITH can be divided
into pre-pubertal- and pubertal-onset groups.” IIH in
pubertal children mainly affects obese girls; however, in
pre-pubertal children with ITH there is a higher proportion
of males.*'""3

A large prospective study in the United Kingdom iden-
tified 185 cases of IIH in children between 2007 and 2009
with an incidence of 0.7/100 000 per year.'® The incidence
of IIH in children found in other studies include 0.5/
100 000 per year, 0.6/100 000 per year, and 0.6/100 000
per year in regions of Germany, USA, and Canada, respec-
tively.'%!*!5 There have been several recent large epide-
miologic studies of IIH in adults.”® They have shown
that in adults, the incidence of IIH is increasing signifi-
cantly in the United Kingdom; IIH is associated with
socio-economic deprivation (even when adjusted for
BMI); and health care utilisation is higher in individuals
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with ITH.> It is not known whether the same is true for
children.

We identified children with ITH in Wales over a 15-year
period (2003 to 2017). We measured trends in the inci-
dence and prevalence of IIH, measured health care out-
comes, and assessed risk factors for developing ITH.

Method

We used routinely collected Welsh health care data
within the Secure Anonymised Information Linkage
(SAIL) databank.'®'® SAIL has data from a range of
sources including primary care data (general practition-
ers [GPs]) for 80% of the Welsh population and second-
ary care data for the whole Welsh Population (total
population 3.1 million, SAIL population 0-15 years
old =400 000).

We identified children with a diagnosis of IIH in pri-
mary and/or secondary health care data using the Read
code F282 (Benign intracranial hypertension; primary
care) and International Classification of Diseases, Tenth
Revision (ICD-10) code G932. (Benign intracranial hyper-
tension; secondary care). We excluded children with pos-
sible secondary causes of raised intracranial pressure such
as hydrocephalus (including post-traumatic hydrocepha-
lus), venous sinus thromboses, stroke, tetracycline antibi-
otic treatment, Chiari malformations, and neoplasms
(Supplementary Tables e-1 and e-2).%%!"'? We also
excluded the small number of children who died within
30 days of diagnosis given the possibility of a secondary
cause of raised intracranial pressure in this group.
Children with no socio-economic deprivation or primary
care data, or who were not registered with a GP in SAIL
1 year before their diagnosis were also excluded.

The study period was January 1, 2003, to December 12,
2017. We defined children as being less than 16 years old
given that children transition to adult services at the age of
16 years in the United Kingdom. Only children diagnosed
with IIH within the study period were included in inci-
dence calculations, but children diagnosed with ITH before
January 1, 2003, were included in prevalence calculations
for the time that they remained less than 16 years old
within the study period.

Diagnosis age was defined as the age at first diagnosis
of ITH. When a child with ITH turned 16 years they were no
longer counted in the prevalent IIH cohort for that year
onward. Shunts and visual outcomes were still reported
after the age of 16 years, whereas unscheduled hospital
admission rates and prescriptions were only reported for
children.

To validate the accuracy of our case ascertainment
algorithm, we used a registry of confirmed paediatric ITH
cases from a paediatric neuroscience centre (Morriston
Hospital, Swansea). We anonymously linked 40 con-
firmed cases of paediatric ITH into the SAIL databank

using the established split-file procedure.'®!” These cases
had been diagnosed by a paediatric neurologist. We used
these cases to calculate the sensitivity of our case ascer-
tainment algorithm.

Incidence and Prevalence

We calculated the incidence and prevalence of ITH for each
year in the study. We calculated prevalence by dividing the
number of children with ITH on 30th June of each year, by
the mid-year population for that year. We calculated inci-
dence by dividing the number of children with a new IIH
diagnosis (no previous IIH diagnosis) in that year by the
mid-year population of children for that year. The mid-
year population was defined as the number of children
on 30th June registered with a GP contributing data to
SAIL for at least 1 year.

Demographics

We recorded socio-economic deprivation using the Welsh
Index of Multiple Deprivation (WIMD).?® WIMD scores
are calculated from different domains for small geograph-
ical areas with populations of around 1600 people. These
areas are then ranked and divided into quintiles, quintile
1 being most deprived and quintile 5 being the least
deprived areas.

Body mass index (BMI), defined as body mass in kilo-
grams divided by the square of height in metres, was cal-
culated from routinely recorded height and weight
measurements in primary care taken within 1 year of diag-
nosis (+6 months from diagnosis date) for the IIH cohort.
The most recent measurements taken before the age of 16
were used for the population without ITH. BMI was only
calculated for children that had height and weight measured
on the same day and was only available for a subset of the
ITH cohort (29%) and population (21%). Aged-based BMI
z-scores and BMI categories were calculated in R using
the zscorer package and the World Health Organisation
(WHO) classification of nutritional status.>' =

Health Care Outcomes

We recorded children who had CSF diversion
surgery (Supplementary Table e-3), at least moderate
visual impairment (Supplementary Table e-4), and pre-
scriptions for acetazolamide, topiramate, or furosemide
using prescription and diagnosis codes (Supplementary
Table e-5). We created a control cohort with 3:1 matching
on age (week of birth), sex, and WIMD quintile. Controls
were given a study entry date corresponding to the IIH
diagnosis date of the case to which they were matched.
We calculated rate ratios for unscheduled hospital admis-
sions in children with ITH without CSF shunts compared
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Table I. Characteristics of the Paediatric Idiopathic Intracranial
Hypertension (IIH) Cohort.

Characteristics All Female Male
Mean incidence (/100 000/y) 3.0 39 22
Incidence (/100 000/y) 2015-2017 3.9 59 2.1
Prevalence (/100 000) in 2017 17.5 234 12.9

No. of cases, n (%) 177 (100) 111 (63) 66 (37)

Age in years at diagnosis, n (%)

1-6 22(12)  9(8) 13 (20)
7-11 50 (28) 32(29) 18(27)
12-15 105 (59) 70(63) 35 (53)
Age, mean (SD) 1.7 3.3) 12.2(29) 10.9(3.8)

WIMD deprivation quintile, n (%)
| (most deprived) 52 (29 - -2
2 44 (25 - =
3 32(18) - =
4 26 (15) - =
5 (least deprived) 23 (13) - =
Mean WIMD quintile (SD) 26 (1.4) 2714 23(1.3)

No. with BMI, n (%) 52 (29 - =
Non-overweight (z-score < |) 6 (12) -2 =
Overweight (| <z-score < 2) @y - -2
Obese (z-score >2) 35(67) - =
Mean BMI z-score (SD) 22(12) 22(1.2) 23(14)

Medications and outcomes, n (%)

Prescribed acetazolamide 77 (44) 44 (40) 33 (50)
Prescribed topiramate 19 (1) 14 (13) 5(8)
Prescribed furosemide 9 (5 - =

CSF shunts 12 (7) -2 =

At least moderate visual 6(3) -2 =
impairment

Abbreviations: BMI, body mass index (body mass in kilograms divided by
the square of height in metres); WIMD, Welsh Index of Multiple
Deprivation.

*Numbers are masked to prevent possible reidentification of individuals
through the disclosure of small numbers (SAIL regulations).

with controls, and children with IIH and CSF shunts com-
pared to children with ITH without CSF shunts.

Statistical Analysis

We used a logistic regression model to calculate odds
ratios for developing IIH for 2 groups: the entire cohort
(177 children), and the cohort with BMI measurements
(52 children). The features analysed were sex (female to
male), socio-economic deprivation (most deprived quin-
tile to other deprivation quintiles separately), and BMI
category (for BMI cohort only). A diagnosis of 1IH
was the binary outcome variable. Socio-economic depri-
vation was regressed using the WIMD quintiles as a
categorical feature for combined male and female and
for each sex separately. BMI category was regressed
as a categorical variable. In the regression model the
population at risk were all children (all children with a
BMI measurement for the BMI group) registered with
a GP in Wales within the study period. We used R
version 4.0.4.

Results

We analysed 10.3 million patient years of data, identifying
177 children with IIH between 2003 and 2017 (average
incidence  3.0/100 000per year) (Supplementary
Figure el and Table 1). Our case ascertainment method
identified confirmed ITH cases with 90% sensitivity (36/
40 cases identified). The incidence and prevalence of IIH
in children in Wales in 2017 was 3.5/100 000per year
and 17.5/100 000 respectively. This represents a signifi-
cant increase when compared to the corresponding figures
in 2003 (1.6/100 000per year and 6.5/100 000per year,
P=.001 and P<.001) (Figure 1).

We found associations with ITH, female sex, depriva-
tion, and BMI (Table 2, Figures 2 and 3). Three percent
of the cohort (6 children) were recorded as having at least
moderate visual impairment, a mean of 1013 days (33
months) after diagnosis (Table 1). Seven percent of the
cohort (12 children) underwent CSF diversion procedures
a mean of 404 days (13 months) after diagnosis. No chil-
dren underwent bariatric surgery.

Children with ITH had increased rates of hospital admis-
sions (Supplementary Table e-6). The average number of
admissions per year for controls, children with ITH without
CSF shunts, and children with IIH with CSF shunts were
0.1, 0.4, and 0.8, respectively. Children with IIH without
CSF shunts had 4 times the rate of unscheduled hospital
admissions compared with controls (rate ratio: 3.9, 95%
CI 3.6-4.3). Children with IIH with CSF shunts had twice
the rate of hospital admissions compared to children with
IIH without CSF shunts (rate ratio: 2.0, 95% CI 1.7-2.4).

Discussion

The average incidence of 3.0/100 000per year in our study
is higher than most previous studies. Studies from the
United Kingdom, United States, and Germany between
2007 and 2013 found the incidence of IIH in children to
be 0.5-0.7/100 000per year.'“'>'* A 2005-2007
population-based study of hospital data in Israel found
an average incidence of 1.8/100 000, which is similar to
our average incidence for those years (1.6 and 2.6/100
000per year for 2003-2005 and 2006-2008).2* One reason
for this higher incidence may be that we have used
population-level routinely collected data and may there-
fore have included more cases. Our data are also more
recent and may reflect a true increase in the incidence of
ITH in children, a trend that has been recently described
in adults.™® The trend for increasing incidence of ITH
may be due to an increase in obesity rates in children in
Wales, an increase in routine funduscopy in opticians,
and an increased awareness of IIH in general.?®

The sex and age distributions of our cohort (Table 1 and
Figure 3) are in keeping with previous paediatric cohort
studies.'>!*?¢  Sixty-three percent of our cases were
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Figure I. (A) The average annual incidence (per 100 000) of IIH in children in Wales across 3-year periods from 2003 to 2017 for
male, female, and combined. The incidence was aggregated by 3 years to prevent possible reidentification of individuals through the
disclosure of small numbers. (B) The annual prevalence (per 100 000) of IIH in children in Wales from 2003 to 2017. IIH, idiopathic

intracranial hypertension.

female, and 87% were diagnosed at >8 years. Girls had a
higher risk of developing IIH than boys (OR =1.8, 95%
CI 1.3-2.4) although there seems to be a higher proportion
of IIH in male children when compared to adults.>®'*2

There appear to be 2 distinct groups of paediatric ITH
based on age. The younger group accounts for a minor-
ity of the cases (12% diagnosed <7 years old), has a
higher proportion of boys, and the children are less
likely to be overweight. The older group is mostly
female and has a higher proportion of overweight and
obese children.'%"?

A similar proportion of our cohort underwent
CSF shunt surgery (7%) (Table 1) when compared
with studies of adults (9%), and adults and children
(6%-8%).>%?" It may be, however, that the number of
shunt procedures performed is decreasing.?’ In addition,
3.3% of our cohort were diagnosed with at least moder-
ate visual impairment, which is higher than in other
cohorts studied (1.5%-1.9%).%:%7

Forty-four percent of cases had at least 1 prescription of
acetazolamide. The proportion prescribed acetazolamide
seems low given that this medication has been shown to
show modest benefits in a randomised controlled trial—
the idiopathic intracranial hypertension treatment trial
(ITHTT).?® However, the IIHTT was carried out in adults,
and guidelines recommend its use in adults with ITH.*
Eleven percent of the children with IIH were prescribed
topiramate and 5% furosemide. We did not have access
to secondary care prescription data.

Obesity is an established risk factor for IIH in chil-
dren.'*'?%® In our subgroup analysis of children with a
BMI measurement in primary care (21% of the GP popu-
lation), the odds ratio for developing ITH was 21 (95% CI
9-51, P<.001) in obese children and 5.1 (95% CI 1.9-14,
P=.001) in overweight children. These ORs are higher
than previous studies (ORs for obese children of 6.5-16,
and 3.6 for overweight children)."” Our results for obesity
need to be interpreted with caution given that only a
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Table 2. Odds Ratios and 95% Cls for Developing Idiopathic
Intracranial Hypertension as a Child by Sex and Deprivation
Using a Logistic Regression Model.

Model OR [95% Cl] P value
Whole cohort (n=177)
Sex
Male | [reference]
Female 1.75[1.29-2.38] <.001
Deprivation quintile
| (most deprived) | [reference]
0.96 [0.64-1.43] .834
3 0.74 [0.48-1.15] .185
4 0.69 [0.43-1.11] 124
5 (least deprived) 0.58 [0.35-0.95] .029

Children with BMI measurements (n=52)

Sex
Male | [reference]
Female 2.13 [1.19-3.79] 011

Deprivation quintile

| (most deprived) | [reference]

0.97 [0.47-2.03] 943
3 1.19 [0.58-2.44] .634
4 0.86 [0.37-2.01] 722
5 (least deprived) -2 -
BMI category
Non-overweight (z-score < |) | [reference]
Overweight (z-score > & <2) 5.1 [1.9-13.7] .001
Obese (z-score >2) 21.4 [9.0-50.9] <.001

Abbreviations: BMI, body mass index (body mass in kilograms divided by
the square of height in metres); OR, odds ratio.

*Not reported because of small numbers of children in deprivation
quintile 5 with BMI readings. Cannot report total because of SAIL
regulations.

minority of children had their BMI recorded in primary
care. There is a possibility of selection bias—children
with weight issues are more likely to have their BMI
recorded.

We found an association between socio-economic
deprivation and ITH (OR=0.58; 95% CI 0.35-0.95, P=
.029 for least compared with most deprived children,
Figure 3). Children in the most-deprived areas are 1.7
times more likely to develop IIH than children in the least
deprived areas. Fifty-four percent of our cases came from
the 2 most deprived quintiles, similar to adult studies.>®
The association between IIH and socio-economic depriva-
tion is well documented in adults; there is also some evi-
dence of an association in children.®'* Obesity in
children is linked with socio-economic deprivation in
Wales.>> After adjusting for BMI, in the minority of chil-
dren with BMI measurements (Table 2), there is no signif-
icant association between IIH and socio-economic
deprivation. This would seem to suggest that the associa-
tion between socio-economic deprivation and obesity
could explain the association between IIH and socio-
economic deprivation. However, the numbers are small
in this subgroup, and this association is worthy of further

analysis since there may be other factors with socio-
economic deprivation that explain the link.

Children in the most-deprived areas are more likely to
be overweight or obese, and obese children in the most-
deprived areas have higher BMI z-scores than obese chil-
dren in less deprived quintiles. This appears to be true for
both the child population of Wales, and the IIH cohort
(Supplementary Table e-7). Analysis of socio-economic
deprivation in a paediatric ITH cohort with more complete
BMI data is required to support this.

Children with ITH in our study had 4 times the rate of
unscheduled hospital admissions compared with controls.
Children with CSF shunts had even higher rates of hospital
admissions. A recent large population study of adults and
children with ITH showed an increasing number of hospital
admissions because of IIH in England, but to our knowledge
there have been no studies specifically looking at hospital
admissions in children with ITH.?” It is likely that a significant
proportion of excess hospital admissions are due to the need
for urgent inpatient investigation of papilloedema but are also
explained by admissions for headache and concemns about
vision loss. The 30-day readmission after primary CSF shunt
placement may be as high as 41%, which can explain the
higher hospital admission rate in the group of children with
IH and shunts.*” Children with ITH and shunts have double
the rate of unscheduled hospital admissions compared to chil-
dren with IIH without shunts.

Strengths

We used population-level data over a 15-year period giv-
ing a relatively large number of paediatric IIH cases. Our
method of identifying paediatric ITH cases in routinely col-
lected data had a sensitivity of 90% when identifying 40
confirmed ITH cases from a paediatric neuroscience centre.
We used detailed area-based socio-economic deprivation
measures and identified a large, matched cohort when
measuring hospital admission rates.

Limitations

We could not accurately measure the specificity of our
case ascertainment algorithm. Our incidence and preva-
lence figures may be underestimates of true figures given
that our case ascertainment algorithm was 90% sensitive.
We also used routinely collected data, not research specific
data and cases without an appropriate diagnosis code in
their health data would not have been included.

The WIMD is an area-based not an individual-based
measure of socio-economic deprivation. Although the
areas used in WIMD are small, it is still possible that chil-
dren living in the same WIMD area have quite different
individual levels of socio-economic deprivation. BMI
measurements were only recorded in primary care for
30% of children with IIH, raising the possibility of
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Figure 2. Average IIH prevalence and incidence (per 100 000) in children from 2003 to 2017 by WIMD deprivation quintile
(I =most deprived, 5 =least deprived) and BMI category. BMI, body mass index; IIH, idiopathic intracranial hypertension.
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ascertainment bias, which needs to be considered when
interpreting results associated with BMI. We have also
used BMI measurements +6 months from diagnosis
date. BMI measurements can change with time in children,
and it is possible that the BMI measurements that we have
used are significantly different from those at the time of
diagnosis. We have used age cut-offs to group IIH cases
rather than pubertal status using Tanner staging as in other
studies.'? Data to determine puberty status other than age
are not available.

We did not specifically exclude demyelinating or infec-
tious disorders when ascertaining cases of IIH or prescrip-
tions of growth hormone in our primary analysis. A post
hoc analysis of the data identified a total of 5 cases through-
out the study period who had a diagnosis of a demyelinating
disease, CNS infection, or prescription of growth hormone
(see Supplementary Tables e8 and ¢9 for codes) a year
before or a year after the diagnosis of ITH. These cases of
possible secondary IIH represent 2.8% of the total cohort.
This also needs to be balanced against the small number
of true positive cases that we will have missed with our
case ascertainment algorithm that was 90% sensitive.

Using routinely collected, anonymised data meant that
we were able to look at relatively large numbers of
patients; however, we could not assess the clinical features
of individual patients, whether they were symptomatic or
asymptomatic or what were the criteria used when decid-
ing to perform CSF shunting.

Conclusions

In this large, population based, study we have found a
higher incidence of IIH in children than previously
reported. The incidence of IIH in girls has more than dou-
bled from 2003 to 2017. Children who are obese or over-
weight as well as those in more deprived areas are more
likely to develop IIH. Children with IIH have almost 4
times more unscheduled hospital admissions per year
when compared with children without ITH. The increasing
incidence of IIH, increased health care utilisation of chil-
dren with ITH, and links with obesity and socio-economic
deprivation are relevant findings to health care profession-
als and policy makers.
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