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Abstract

Background

Idiopathic normal pressure hydrocephalus (iNPH) causing gait impairment, dementia and
urinary incontinence among the elderly, is probably under-diagnosed and under-treated.
Despite being known since the 1960s, there is still a lack of prospective, population-based
studies on the prevalence of INPH. Such studies are warranted to minimize selection bias
and estimate the true prevalence of the disease.

Methods

The prevalence of INPH was determined in a randomly selected sample of residents, aged
65 years and older, in the Swedish county of Jamtland. Out of 1,000 individuals invited to par-
ticipate, 673 (67.3%) completed a questionnaire with seven questions on iINPH symptoms. A
subgroup, with and without self-reported symptoms, participated in clinical and radiological
evaluations and were diagnosed according to international guidelines. Measurement of cere-
brospinal fluid opening pressure was not performed as it was considered too invasive.

Results

Those who reported at least two symptoms in the questionnaire (n = 117) and 51 randomly
selected individuals with 0—1 symptom participated in further examinations. Out of them, 25
individuals received the diagnosis probable iNPH according to American-European guide-
lines (except for the criterion of CSF opening pressure) corresponding to a prevalence of
3.7%. The prevalence of INPH was four times higher among those aged 80 years and older
(8.9%) than among those aged 65-79 years (2.1%) (p <0.001). The difference in prevalence
between men (4.6%) and women (2.9%) was not significant (p = 0.24). When iNPH was
diagnosed according to the Japanese guidelines the prevalence was 1.5%

Conclusions

In this prospective, population-based study the prevalence of iINPH was 3.7% among indi-
viduals 65 years and older, and more common in the higher age group, 80 years and above.
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INPH should be increasingly recognized since it is a fairly common condition and an impor-
tant cause of gait impairment and dementia among the elderly that can be effectively treated
by shunt surgery.

Introduction

Globally, a growing number of elderly people live within health care facilities due to disabilities
such as dementia and/or gait disorders [1]. In a study from the United States, about 14% of
elderly people in nursing homes suffer from the progressive neurological disorder idiopathic
normal pressure hydrocephalus (iNPH) with the cardinal symptoms of gait impairment, cog-
nitive decline and urinary incontinence [2]. The disorder is sometimes mistaken for Alzhei-
mer’s or Parkinson’s disease but has characteristic imaging findings, such as ventriculomegaly
in combination with narrowing of the callosal angle [3, 4]. The condition can be effectively
treated with surgery, in fact, studies have found that up to 80% of patients improve with inser-
tion of a ventriculoperitoneal shunt [5]. However, the outcome of shunt surgery worsens with
the progression of the disease, highlighting the importance of early diagnosis [6].

Even though the disorder has been known since the 1960s [7] the prevalence in the general
population is still unclear. The publications of two different international diagnostic guidelines
in 2004 and 2005 [8, 9] were followed by an increasing number of studies, with prevalence fig-
ures ranging from 0.5% to 2.9% among those aged 65 and older [10-16]. A few studies have
reported on prevalence numbers in relation to age and sex, suggesting iNPH to be more
prevalent in the older age category [11, 13, 15], with only one study showing a predominance
among men [13]. In addition to varying definitions of iNPH, previous studies have limitations
such as the use of clinical-based materials or retrospective data from cohorts followed for
other diseases such as dementia [17].

Despite the opportunity to improve the symptoms by shunt surgery, previous prevalence
studies indicate that iINPH is under-diagnosed and under-treated. Prospective, population-
based studies are warranted to minimize selection bias and estimate the true prevalence of the
disease, as well as age and sex differences. Due to the lack of such studies we aimed to estimate
the overall prevalence of iNPH, as well as age and sex differences, among individuals aged 65
years or older from the general population.

Materials and methods
Study population

During the autumn of 2014 a prevalence study on iNPH was conducted in the county of Jamt-
land, Sweden. In 2014, Jamtland had a total population of 127,000 of which, 28,900 was 65
years and older. In this age group there was a predominance of women (52.9%) and even more
s0 (61.0%) among those aged 80 years and older [18]. Using the Swedish population register
[19], 1,000 individuals from Jdmtland, aged 65 years and older, were randomly selected and
invited to participate in the study. Before starting, the study was mentioned in the local radio
and the newspaper. The selected sample of residents received a simple questionnaire based on
an American precursor [20], assessing typical symptoms of iNPH; four regarding gait and pos-
tural stability, one on continence and two on cognition, see Fig 1. Relatives were encouraged
to assist in filling out the questionnaire when needed. A reminder was sent about two weeks
later. All individuals who reported gait or balance impairment together with one of the

other symptoms were invited for further evaluation. Exclusion criteria were severe medical
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1. My feet feel stuck to the floor when I walk. Mina fétter kinns som
klistrade vid underlaget ndr jag gar.

2. T have trouble keeping my balance when walking or turning. Jag
har svart att hdlla balansen ndr jag gdr eller ndr jag vénder mig om.

3. Thave experienced sudden falls without loss of consciousness.
Jag har fallit flera gdnger utan att jag forlorat medvetandet.

4. Ihave difficulty maintaining attention for a longer period of

time. Jag har svdrt att upprdtthdlla uppmdrksamheten en ldngre tid.

I have trouble remembering things. Jag har svart att komma thdg

saker.

6. I have experienced sudden urgency in urinating or had urinary
accidents. Jag har upplevt plitsligt pGkommande urintrdngningar och
mdste fort hitta en toalett/kissat pd mig.

7. I walk progressively more slowly. Jag gdr allt [lingsammare.

O

Fig 1. Screening questionnaire (“yes” or “no” answers) in English (bold) and Swedish (italics).

https://doi.org/10.1371/journal.pone.0217705.g001

conditions sufficient to explain the symptoms, e.g. a known brain tumour or a traumatic brain
injury. A randomly selected group with less than two symptoms was included for comparison,
see Fig 2 for more details on inclusion and dropouts.

The study was approved by the Regional Ethical review board at Umea University in 2014
(Dnr 2014/180-31) and the participants gave written informed consent.

Clinical and radiological examination

All study participants underwent clinical and neuropsychological examinations as well as a
computerized tomography (CT) of the brain within six months of the examinations. Two radi-
ologists independently assessed the CT-scans and the radiological and clinical evaluations
were made blinded to one another. Radiological parameters with typical features of iINPH
were measured, for example ventriculomegaly (Evans’ index) and the callosal angle [21].

The clinical evaluation included medical history and a neurological examination. Gait and
balance were tested with Time Up and Go (TUG), and 10 m walking test as well as ordinal
rating-scales used in previous INPH research [22, 23]. The neuropsychological examination
included Rey Auditory Verbal Learning Test (RAVLT), and Mini-Mental State Examination
(MMSE) [23, 24]. Participants rated urinary symptoms such as urgency and incontinence on an
ordinal scale [23]. The degree of disability was rated using modified Ranking Scale (mRS)[25].

The American-European guidelines as well as the Japanese guidelines (2™ edition) were
used to classify the participants [9, 26] see Table 1. However, we excluded the CSF opening
pressure criterion for probable iNPH as a lumbar puncture was considered too invasive. Thus,
we will here use the term modified probable iNPH (m-probable iNPH) for the most likely cate-
gory of iNPH according to the American-European guidelines.

To enable large epidemiological studies, the Japanese guidelines include the diagnosis
“possible iNPH with MRI support” which relies more upon radiological findings and do not
require measurements on CSF opening pressure. These guidelines also contain a diagnosis
called “definite iNPH” for those who respond to shunting.

Statistical analyses

Descriptive statistics were used for the epidemiological data. The prevalence was calculated by
dividing the number of individuals diagnosed with iNPH by the total number of people who
returned completed questionnaires.
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Fig 2. Flow chart of sample selection. Note: * Gait disturbance mandatory. ® Including 49 individuals reporting two
symptoms of incontinence and cognition but no gait disturbance. © Randomly selected, including five individuals
reporting two symptoms on incontinence and cognition but no gait disturbance.

https://doi.org/10.1371/journal.pone.0217705.9002

Differences regarding age and sex between questionnaire responders and non-responders,
participants and non-participants in clinical examinations were analysed with the Mann-
Whitney U test and the chi-square test, respectively.

Differences in the prevalence of iNPH in relation to age and sex were tested with the chi-
square test, and Fischer’s exact test when appropriate.

Statistical analyses were performed using SPSS (version 24). The level of significance was
set to <0.05.

Results
Study population

Out of the 1,000 invited individuals, 673 returned completed questionnaires corresponding to
a response rate of 67.3%, see Fig 2. The median age of the responders was 72.0 years (IQR 11)
with the majority (76.5%) under the age of 80. No significant differences were found in sex dis-
tribution; 48.4% were men (median 72.0 years, IQR 11) and 51.6% women (median 72.5 years,
IQR 10).
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Table 1. Diagnostic criteria according to the two international guidelines.

A. American-European guidelines [9]

Probable® Possible
Clinical Gait/balance disturbance and at least one of the Symptoms of either:
features: following:
a) Cognitive impairment a) Incontinence and/or cognitive impairment in the
absence of gait/balance disturbance
b) Urinary incontinence/urgency b) Gait disturbance alone
Brain Ventriculomegaly (EI >0.3) and at least one of the Ventriculomegaly (EI >0.3)
imaging following:

a) Narrow callosal angle
b) Enlargement of the temporal horns

c) Periventricular signal changes not attributable to
ischemic changes or demyelination

B. Japanese guidelines (2nd edition) [26]

Possible with MRI support Possible
Clinical At least two of the clinical triad: Gait disturbance, At least two of the clinical triad: Gait disturbance,
features cognitive impairment and urinary incontinence cognitive impairment and urinary incontinence
Brain Ventriculomegaly Ventriculomegaly
imaging (EI >0.3) and the following: (EI >0.3)

a) Narrowing of the sulci over the high convexity/
DESH [4]

* Not including the criteria CSF opening pressure < 25 cm H,0
EI = Evans Index, DESH = Disproportionately enlarged subarachnoid space hydrocephalus.

https://doi.org/10.1371/journal.pone.0217705.t001

Unlikely

No component in the clinical triad or
symptoms explained by other causes

No evidence of ventriculomegaly

Unlikely
None of this

No evidence of ventriculomegaly

The non-responders (n = 327) were older (median 75.0, IQR 12, p<0.001) and significantly
more often women (58.4%, p<0.05) than the responders. Those who declined further partici-
pation (n = 173) were also significantly older (median 75.5, IQR 14) than those who accepted
(n =500) (median 72.0, IQR 10, p<0.001) but there was no significant difference in sex.

Age and sex did not differ significantly between those with two or more symptoms who

participated in further examinations (n = 117) and drop-outs (n = 49). Similarly, those with

less than two symptoms that were randomized for further examinations (n = 51) did not differ
in age and sex from those who were not examined (n = 283).
In total 168 individuals, 117 with symptoms and 51 randomly selected controls were taken

in for further examination at the neurology and radiology department of Ostersund’s hospital
from August 2014 to October 2015. The characteristics of the investigated sample are pre-

sented in Tables 2 and 3.

Prevalence

A total of 25 individuals fulfilled the American-European guidelines for m-probable iNPH, 24
for possible iNPH and the remaining 119 were classified as unlikely iNPH, see Table 2. Out of
the population of 673 individuals who responded to the questionnaire, this corresponds to a
prevalence of m-probable iNPH of 3.7%. According to the Japanese guidelines the number
with possible iINPH with MRI support or definite iNPH was 10 corresponding to a prevalence
of 1.5%. Among those who reported less than two symptoms in the questionnaire, one fulfilled

the criteria for m-probable iNPH according to American-European guidelines and none for

possible iNPH with MRI support or definite iNPH according to the Japanese guidelines.
One of the participants in the study was already treated with a VP-shunt for iNPH, and

one received a shunt during the study period with improvement of symptoms. Three of the
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Table 2. The age and sex distribution of the study sample (n = 168), broken down into diagnosis (American-Euro-
pean guidelines).

Unlikely iNPH Possible iNPH m-Probable iNPH
(n=119) (n=24) (n=25)
n (%) n (%) n (%)

< 80 yrs 102 (85.7) 19 (79.2) 11 (44.0)

>80 yrs 17 (14.3) 5(20.8) 14 (56.0)

Males 45 (37.8) 16 (66.7) 15 (60.0)

Females 74 (62.2) 8 (33.3) 10 (40.0)

https://doi.org/10.1371/journal.pone.0217705.t1002

Table 3. Characteristics of the study sample (n = 168), broken down into diagnosis (American-European
guidelines).

Unlikely iNPH Possible iNPH m-Probable iNPH
(n=119) (n=24) (n=25)
median (IQR) median (IQR) median (IQR)
Age 72.0 (7.0) 73.5 (11.0) 82.0 (11.0)
MMSE 28.0 (2.0) 27.0 (7.0) 27.0 (4.0)
RAVLT (total word count) 33.0 (11.0) 25.0 (11.0) 24.0. (13.0)
mRS 2.0 (2.0) 2.0 (1.0) 3.0 (2.0)
TUG, time (s) / steps 9.9 (3.9)/14.0 (4.5) 11.6 (3.1)/14.5 (4.0) 14.2 (5.3)/18.0 (4.3)
10 m, time (s)/ steps 9.0 (2.4)/16.0 (4.0) 9.4 (2.5)/16.0 (4.0) 11.5(3.5)/18.5 (4.1)
Continence 2.0 (2.0) 2.0 (2.0) 3.0 (2.0)
Evans’ index 0.27 (0.03) 0.32 (0.01) 0.34 (0.04)

https://doi.org/10.1371/journal.pone.0217705.t003

participants were diagnosed with asymptomatic iNPH having radiological signs but no clinical
symptoms, these individuals were included in the group of unlikely iNPH.

Age and sex differences

The prevalence of m-probable iNPH was significantly higher among those aged over 80 years
(8.9%) than under (2.1%), (p<<0.001), whereas the difference between men (4.6%) and women
(2.9%) was non-significant (p = 0.24).

According to the Japanese guidelines the prevalence of possible iNPH with MRI support
and definite iNPH was 3.8% for those over 80 years and 0.8% for those under 80 years
(p<0.05) The corresponding prevalence figures for men and women were 1.8% and 1.2%
respectively (p = 0.53). The age and sex differences in prevalence of iNPH are presented in
Fig 3.

Discussion

In this prospective, population-based study the estimated prevalence of iNPH among individu-
als 65 years and older was 3.7% according to a modified version of the American-European
guidelines and 1.5% according to the Japanese guidelines. This prevalence figure is higher than
in most previous studies, probably because of the prospective screening for the disorder in the
general population.

Age and sex differences

INPH was four times as common among those aged 80 years and older (8.9%) than among
those younger than 80 years (2.1%). In accordance, a previous Swedish study reported a
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Fig 3. Prevalence of iNPH (possible iNPH excluded) in relation to age and sex with the American-European and
Japanese guidelines, respectively.

https://doi.org/10.1371/journal.pone.0217705.9g003

pronounced increase in the prevalence of iNPH from 0.2% in those aged 70-79 years to 5.9%
among those over the age of 80 [11]. However, the prevalence figures were lower than in the
present study, which might be because they used retrospective data from different cohort stud-
ies on aging and health.

In the neighbouring country Norway, a much lower prevalence of iNPH, 0.02%, was
reported among subjects over 65 years, with a higher prevalence (0.18%) in the older age
group of 70-79 years [15]. The low prevalence could probably be due to that participants were
collected through advertisements in media and information campaigns directed to primary
care physicians. Most likely, the whole population was not reached by these methods, which
might have led to a recruitment-bias. The American-European guidelines were used including
measurements of lumbar opening pressure in as many as 63 participants.

In Japan, three studies have been conducted on the prevalence of INPH with quite varying
results in spite of similar methodology [10, 12, 16]. Iseki et al. [10] reported a prevalence of
0.51% in 790 individuals, aged 61 or 70-72 years, who participated in a previous study of cere-
brovascular risk factors. At a follow-up ten years later, the prevalence was 1.4% among those
aged 80 years [14]. Both Hiraoka et al. [16] and Tanaka et al. [12] used data from a previous
study on dementia and reported a prevalence of iNPH among those aged 65 and older of 2.9%
(n=170) and 1.4% (n = 567), respectively. To be considered as iNPH in these studies from
Japan, MR-imaging signs as well as at least one symptom of iNPH were required.

Few studies have reported on differences in prevalence of iNPH between men and women
[11-13]. In accordance with the present study, Jaraj et al. [11] and Tanaka et al. [12] did not
find any statistically significant difference in the prevalence between the sexes. A recent study
from Spain reported a predominance of men with iNPH, with a rate ratio of approximately
1.5:1, among those who were referred to a specialist for suspected iNPH [13]. This, however,
does not necessary reflect the sex distribution of iNPH in the general population.

Methodological considerations and diagnostic criteria

The varying results between different prevalence studies are probably due to heterogeneity of
study design and study populations which have been discussed in a thorough review [17].

PLOS ONE | https://doi.org/10.1371/journal.pone.0217705 May 29, 2019 7/11


https://doi.org/10.1371/journal.pone.0217705.g003
https://doi.org/10.1371/journal.pone.0217705

@ PLOS|ONE

Prevalence of idiopathic normal pressure hydrocephalus

Most previous studies were based on retrospective data from cohorts initially investigated for
other diseases than iNPH. The disadvantages include lack of tailored questions and objective
tests for assessing iNPH symptoms. In addition, retrospective analyses of neuroimaging find-
ings might be challenging, when these were conducted for a disorder not initially considered,
and perhaps with outdated techniques.

Furthermore, previous studies have used different diagnostic criteria for iNPH. There are
currently two sets of guidelines for diagnosis, the American-European and Japanese (2" edi-
tion) [9, 26]. These differ to such an extent that they give rise to different prevalence figures,
for example in our material where the prevalence was more than twice as high with the Ameri-
can-European guidelines than with the Japanese.

In a recent publication, we compared diagnoses according to the two guidelines and a
senior consultant in neurology, respectively. A higher agreement was found between the Japa-
nese guidelines and the neurologist (kappa = 0.69) than between the American-European
guidelines and the neurologist (kappa = 0.44) [27]. We concluded that one widely recognized,
diagnostic system is needed in order to compare different studies. In this study, we report the
prevalence figures according both guidelines, since the American-European are the most com-
monly used outside Japan.

Strengths and limitations

The strengths of this study include the prospective screening of the general population with a
questionnaire specifically designed for iNPH, use of international diagnostic guidelines and
standardized testing with an iNPH specific symptom scale. Data from an unselected general
population are more likely to reflect the true prevalence and age and sex distribution of the dis-
order and are more generalizable to other populations. On the other hand, a limitation with
questionnaire screening is the lack of information about the non-responders. It might be that
individuals with symptoms are more prone to participate, or on the contrary, that the oldest
and those with the largest impairment are more likely to decline further participation. The lat-
ter was supported by the non-responders being significantly older than the responders. The
female predominance among both the non-responders and the responders probably just mir-
rors the sex distribution in these age groups in the population of Jamtland [18]. Thus, the prev-
alence presented here, although higher than in previous reports, might still be an
underestimation due to a dropout of those most afflicted by the condition.

In this study, we have not performed any opening pressure measurements to ascertain that
the lumbar opening pressure was below 25 cm H,0, which is currently required for a diagnosis
of probable iNPH according to the American-European guidelines. Although this may be con-
sidered as a limitation, we believe this criterion is a drawback for large epidemiological studies.
In a clinical setting, however, measurements on CSF opening pressure as well as obtaining bio-
markers from cerebrospinal fluid is of importance, especially for differential diagnostics.

Clinical applications

The finding of a prevalence of iNPH of 3.7% in this study contrasts to the incidence of shunt-
surgery for iNPH of 2.2 /100, 000/year in Sweden during 2004-2011 [28]. In Norway the inci-
dence of surgery was even lower; 1.09/100, 000 during 2002-2006 [29]. This discrepancy
between the prevalence of iNPH and the proportion who obtains treatment suggest that the
condition is highly under-diagnosed and under-treated.

Treatment with shunt surgery is effective, especially in an early stage before the patient
become wheelchair bound and demented [6], and therefore iNPH patients should be better
recognized by the health care system. A simple screening tool for iINPH symptoms could be
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useful for primary care and patients with symptoms should be further investigated and
referred for neuroimaging. Extra attention should be paid to elderly with falling accidents.
Since radiological changes of INPH might be misinterpreted, a radiological screening tool
has been developed by our research group to enable structured and objective assessments of
images [21].

Conclusions

In this prospective, population-based study the prevalence of probable iNPH was 3.7% among
individuals 65 years and older, and more common in the higher age group, 80 years and
above. INPH needs to be increasingly recognized since it is a fairly common condition and an
important cause of gait impairment and dementia among the elderly that can, in most cases,
be effectively treated by a shunt-operation.
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