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Abstract

Introduction

Amyloid plaque has been reported in brain biopsies from patients with idiopathic normal-
pressure hydrocephalus (iNPH) and proposed as a significant feature of the pathophysiol-
ogy. Presence of the apolipoprotein E €4 (APOE €4) allele is associated with increased risk
of Alzheimer’s disease (AD).

Aims
To compare the distribution of APOE genotype in iINPH patients with an age-matched popu-
lation-based control group and with Alzheimer’s disease (AD) patients.

Methods

APOE genotype frequencies were determined in 77 iNPH patients (50 men and 27 women,
mean age 71.7 years) diagnosed with iINPH, a sample of 691 AD patients and 638 age-
matched population controls (299 men and 339 women) from the INTERGENE cohort.

Results

The APOE distribution did not differ significantly between the iNPH patients and the control
population. The per e4-allele odds-ratio (OR) of INPH was given by OR = 0.90, 95% confi-
dence interval (Cl) = (0.50, 1.60) that was considerably smaller than the per-allele OR of
AD, OR=5.34 (4.10, 7.00).

Conclusion

The results suggest that the APOE-related risk of AD in patients with iINPH is not higher
than in the general population.
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Introduction

A high occurrence of Alzheimer’s disease (AD) among patients with idiopathic Normal Pres-
sure Hydrocephalus (iNPH) has been reported[1-3] which has led to speculation that iNPH
and AD share a common pathophysiological background[4]. Accumulation of amyloid- pla-
ques is one of the fundamental characteristics of AD. Apolipoproteins enhance the breakdown
of amyloid-PB. However, the E4 isoform APOE is ineffective and leads to amyloid build-up in
the brain [5] The presence of the E4-encoding APOE €4 allele increases the risk of AD by 3
times in heterozygotes and by 15 times in homozygotes [6]. Amyloid plaques have been found
in cortical brain biopsies from NPH” as well as iNPH® patients. Leinonen et al [7] found a sig-
nificant correlation between positive biopsies and AD co-morbidity among NPH patients
while Bech-Azeddine et al [8] found no association between biopsies and clinical presentation
of AD among iNPH patients. Silverberg et al [4] suggested that CSF stagnation in iNPH leads
to accumulation of extracellular amyloid-B42 leading to increased risk of AD. Hypothetically,
accumulation of amyloid- aggregates in the choroid plexus and the arachnoid membranes
leads to reduced CSF absorption and communicating normal-pressure hydrocephalus.

The aim of this study was to compare risk factors for iNPH and AD, specifically, whether
the APOE €4 allele is more frequent among iNPH patients than among population controls.
For comparison, similar analyses were performed in a sample of patients with AD.

Patients and Methods
Patients with iNPH

One hundred and eight patients (mean age 71.9 years, SD 8.9 years, range 40-89 years), 65
men and 43 women, consecutively diagnosed with probable iNPH according to the American-
European guidelines [9] at the Hydrocephalus Research Unit during the years 2006-2011 were
included.

All patients had symptoms and signs scored by the iNPH scale [10] before and after surgery.
A change in the score of > 5 points was categorized as good outcome and < 5 points as poor
outcome.

All were operated upon by an adjustable ventriculo-peritoneal shunt (PS Medical Strata®),
Medtronic Inc., Goleta, CA, USA or Codman & Schurtleff / Johnson & Johnson Co., Raynham,
MA, USA).

Thirty-one patients, 15 men and 16 women, had no blood sample taken, leaving 77 patients
(mean age 71.7, SD 8.7, range 48-87 years), 50 men and 27 women, for genotyping. Six of these
patients had no outcome scores.

Patients with AD

Eight hundred and three patients of Swedish nationality diagnosed with AD from a study by
Zetterberg et al [11] were included for comparison with iNPH patients and the INTERGENE
control population. Six hundred ninety one patients (mean age 76.2 years, SD 6.9 years, range
50-102 years), 259 men and 432 women had data for relevant variables and were included in
this study. The patient population and methods are described in the original article.

Blood samples

Genomic DNA was isolated from EDTA whole blood and APOE (gene map locus 19q13.2)
genotyping was performed by mini-sequencing as described previously in detail [12] Geno-
types were obtained for the two single nucleotide polymorphisms that are used to unambigu-
ously define €2, €3, and €4 alleles (rs7412 and rs429358).
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Reference population

The INTERGENE cohort (http://www?2.sahlgrenska.gu.se/intergene/eng/index.jsp) consists of
a population-based random sample of inhabitants of Gothenburg and the surrounding region
of Vistra Gotaland (South-west Sweden) and between 25 and 75 years old at the time of sam-
pling [13]. Between April 2001 and December 2004, 3614 members of the target population
sample were examined (participation rate 42%). Genotyping was successful in 3204 subjects
(1524 men, 1680 women), and 638 subjects > 65 years at the time of examination (mean age
69.9 years, SD 3.0 years, range 65-77 years), 299 men and 339 women, were included as control
subjects for INPH patients in this study. The lower age limit was chosen such that the average
age was similar in cases and controls, to reduce the probability that cases were compared to
younger controls that would develop the disease had they reached the age of the patients.

All subjects gave their written consent to the study, and the protocol was approved by the
regional ethics review board, Ethics Committee at the University of Gothenburg (O 237/2000).
All personal identifiers were protected by replacing them with a code. The study complies with
the Declaration of Helsinki.

Ethics

This study has been approved by the regional ethics review board in Gothenburg, registration
number 154-05.

Statistical analysis

The chi-square test was used to compare the overall distribution of genotype in iNPH and AD
patients with the distribution in control subjects. The hypothesis of a higher proportion of
cases for a higher number of Apo-E €4 allele was tested using the Cochrane-Armitage test of
trend. Using logistic regression, the effect size was estimated in terms of an odds ratio (OR) of
iNPH or AD per e4 allele with 95% confidence interval (CI), adjusted for age, a quadratic term
for age, and sex.

To test whether the three alleles were in Hardy-Weinberg equilibrium (HWE) we calculated
the expected numbers of genotypes from product terms of (p, + p3 + p4)” times the total num-
ber of genotypes, with p,-p, indicating the observed prevalence of each allele. Observed and
expected counts were compared by a chi-square test with 3 degrees of freedom.

Age, sex, preoperative iNPH scale score and postoperative improvement was compared
between participant and non-participant iNPH patients using the two-sample t-test and chi-
square test for continuous and binary variables, respectively. Among participants, the associa-
tion between preoperative iNPH score and the number of €4 allele was investigated using linear
regression, with and without adjustment for age and sex.

Statistical analyses were performed using IBM SPSS 17.0 for Windows (IBM, Armonk, NY,
USA). The level of significance was set to 0.05 (2-sided tests).

Results
ApoE distribution and iNPH

The overall genotype distribution in the 77 iNPH patients was similar to the distribution in the
638 controls (1* part of Table 1, Fig 1). Among iNPH patients there was a higher proportion of
genotypes with one or two €4 allele compared to controls, however, the trend was not significant
(2" part of Table 1). The trend of higher risk of iNPH for a higher number of £4 allele was not
significant when adjusted for age and sex using logistic regression (last part of Table 1). Forty-six
patients (65%) were improved and 25 (35%) unchanged or deteriorated at the re-examination.
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Table 1. APOE allele distribution among 77 iNPH patients and 691 AD patients, compared to 638 controls from INTERGENE. The genotypes were in
Hardy-Weinberg equilibrium in all groups.

INTERGENE (n = 638) AlliNPH (n=77) Poor outcome? (n = 25) Good outcome? (n = 46) AD (n=691)
Age® 69.9 (3.0) 71.7 (8.7) 72.1(9.5) 70.9 (8.4) 75.8 (7.0)
Female sex, n (%) 339 (53%) 27 (35%) 9 (36%) 17 (37%) 432 (63%)
APOE genotype frequency, n (%)
£2/2 6 (1%) 1 (1%) 0 (0%) 0 (0%) 0 (0%)
£3/2 83 (13%) 8 (10%) 3 (12%) 4 (9%) 23 (3%)
£3/3 353 (55%) 41 (53%) 13 (52%) 26 (56%) 194 (28%)
£4/2 17 (3%) 5 (7%) 1 (4%) 4 (9%) 25 (4%)
£4/3 166 (26%) 20 (26%) 7 (28%) 11 (24%) 331 (48%)
£4/4 13 (2%) 2 (3%) 1 (4%) 1 (2%) 118 (17%)
p-value (X3-test) Ref. 0.6 1.0 0.3 <0.001
€4 allele frequency, n (%)
0 442 (69%) 50 (65%) 16 (64%) 30 (65%) 217 (31%)
1 183 (29%) 25 (32%) 8 (32%) 15 (33%) 356 (52%)
2 13 (2%) 2 (3%) 1 (4%) 1(2%) 118 (17%)
p-value (trend) Ref. 04 0.5 0.6 <0.001
Prevalence of €4 © 0.16 (0.14-0.18) 0.19 (0.13-0.25) 0.20 (0.08-0.32) 0.18 (0.11-0.26) 0.43 (0.40-0.45)
OR‘ Ref. 0.90 (0.50-1.60) 0.79 (0.19-1.65) 0.93(0.45-1.91) 5.34 (4.10-7.00)

& Numbers for good/poor outcome do not sum up to total number of iNPH patients due to missing values in postoperative iNPH score.
b Data are given as mean values and standard deviation (SD).

° Brackets show 95% Cl.

9 OR (95% ClI) for INPH or AD, respectively, and an increase by one €4 allele, adjusted for age, age?, and sex.

doi:10.1371/journal.pone.0158985.t001

There were no differences in APOE allele or genotype frequencies between iNPH patients with
poor outcome and good outcome, compared to the control population (Table 1).

ApoE distribution and AD

In patients with Alzheimer’s disease, the prevalence of ApoE 4 allele was significantly higher
than in controls, and the age- and sex-adjusted OR indicated a more than five-fold risk of AD
per e4 allele (last column in Table 1). All differences were equally significant in comparison
with iNPH patients (data not shown).

Discussion

The APOE €4 allele represents a major risk factor for AD in all ethnic groups, across all ages
between 40 and 90 years, and in both men and women [14]. In this population of INPH
patients the distribution of APOE alleles and genotypes was similar to that in a control popula-
tion of predominantly healthy individuals, thus giving no support to a common pathophysio-
logical mechanism in iNPH and AD. This paper adds important knowledge to previous reports
due to the study design with a large sample of iINPH patients consecutively diagnosed and eval-
uated according to current guidelines being compared to a large cohort of patients with AD
and a population-based random sample of controls.

Bech-Azeddine et al reported AD associated changes in 7 of 28 brain biopsies taken from
iNPH patients and suggested a possible overlapping pathophysiology between iNPH and AD
[8]. However they included 12 patients with AD co-morbidity and 17 with cerebrovascular dis-
order among the 28 iNPH patients indicating that the high occurrence might be due to the
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Fig 1. Pie chart of apolipoprotein E distribution in patients and control groups.

doi:10.1371/journal.pone.0158985.g001

mixed study population and lack of strict inclusion criteria. Unexpectedly they found no corre-
lation between the clinical diagnoses of possible AD (12 patients) and the analyses of the corti-
cal biopsies. Only three out of 12 with possible AD showed AD pathology in the brain biopsies.
Further, the presence of AD co-morbidity, or AD changes in the brain biopsies did not pre-
clude clinical improvement after shunt operation. As could be expected the outcome was poor
compared to other studies [15] with an improvement rate of only 33%.

Frontal cortical biopsies were taken and analysed for amyloid B (Ap) and hyperphosphory-
lated tau (Pt) in 433 patients with presumed iNPH examined by Leinonen et al [7]. Two-hun-
dred and nineteen were shunted of which 70 had AP with or without Pt in the biopsy samples.
Of these 52 improved after shunting. At the retrospective diagnostic follow up 94 patients were
diagnosed as AD of which 82 had A with or without Pt in the biopsy samples. Nineteen of the
82 had been shunted based on ICP examinations with good outcome in 13 patients. The last
finding might suggest a common pathophysiological mechanism and suggest clinical trials
treating AD patients with shunts. However, none of the studies included controls and the eval-
uation of the biopsies was not blinded.
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Silverberg and others suggested that accumulation of amyloid plaques in iNPH could be
caused by stagnation of CSF [4]. In parallel to the successful treatment of iINPH patients with
CSF diverging devices Silverberg treated AD patients with shunts, but unfortunately without
success [16].

Pyykko et al found in 202 presumed NPH patients that APOE €4 genotype associated inde-
pendently with the presence of A plaques in frontal cortical biopsy and was neither a risk fac-
tor for iNPH nor a predictor of shunt responsiveness [17]. They also found the APOE €4
genotype in iNPH similar to healthy individuals. Our results reported here confirm these find-
ings and altogether strengthen the notion that in iNPH patients, there is not an increased risk
of AD. Accordingly, although we did not analyze the association between APO E e4 genotype
and outcome in cognitive or other specific symptom domains, we found no differences in
APOE allele or genotype frequencies between iNPH patients with poor outcome and good out-
come, compared to the control population.

Support for a specific iNPH pathophysiology different from AD was the recent finding of a
non-AD CSF biomarker profile in iNPH patients [18]. In contrast to the isolated reduction in
amyloid 42 in AD, all amyloid isoforms and amyloid precursor proteins were reduced in
iNPH possibly indicating a reduced brain metabolism in the periventricular zone. Other stud-
ies on CSF biomarkers have shown similar differences [19,20].

The iNPH population presented here was carefully defined according to predefined criteria
and representative of what is commonly seen in iNPH. Patients were examined by a neurolo-
gist, a physiotherapist and a neuropsychologist, and symptoms and signs of gait, balance, cog-
nitive and urinary functions were scored by the INPH scale before and after shunt surgery. The
improvement rate was 65%, which is slightly lower than recent reports on outcome after shunt
surgery but still acceptable [15]. The iNPH patients were included consecutively and there
were no differences between those with APOE allele analyses and those without (the causes for
not sampling blood were administrative).

The small sample size of INPH patients with a small proportion of females was a major limi-
tation. However, this limitation does not explain the observed non-association between Apoe 4
allele and iNPH, as the comparison between effect size between AD (OR = 5.3 per e4-allele)
and iNPH (OR = 0.9) shows.

In conclusion, the distribution of Apo-E genotype among iNPH patients is similar to popu-
lation controls and does not support an APO E associated increased risk for AD in iNPH
patients.
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