1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2016 May 01.

-, HHS Public Access
«

Published in final edited form as:
J Neurol Neurosurg Psychiatry. 2015 May ; 86(5): 524-529. doi:10.1136/jnnp-2013-307276.

Evaluation of genetic risk loci for intracranial aneurysms in
sporadic arteriovenous malformations of the brain

Philip H. C. Kremer!, Bobby P. C. Koeleman?, Ludmila Pawlikowska34, Shantel
Weinsheimer3, Nasrine Bendjilali®, Stephen Sidney®, Jonathan G. Zaroff®, Gabriel J. E.
Rinkell, Leonard H. van den Berg?!, Ynte M. Ruigrok?!, Gerard A. P. de Kort5, Jan H.
Veldink!, Helen Kim37, and Catharina J. M. Klijnl

1Department of Neurology and Neurosurgery, Brain Center Rudolf Magnus, University Medical
Center Utrecht, Utrecht, The Netherlands 2Department of Biomedical Genetics and Complex
Genetics, University Medical Center Utrecht, Utrecht, The Netherlands 3Center for
Cerebrovascular Research, Department of Anesthesia and Perioperative Care, University of
California, San Francisco, San Francisco, CA, USA “Institute for Human Genetics, University of
California, San Francisco, San Francisco, CA, USA ®Division of Research, Kaiser Permanente of
Northern California, Oakland, CA, USA 8Department of Radiology, University Medical Center
Utrecht, Utrecht, The Netherlands "Department of Epidemiology and Biostatistics, University of
California, San Francisco, San Francisco, CA, USA

Abstract

Background—In genome-wide association studies (GWAS) five putative risk loci are associated
with intracranial aneurysm. As brain arteriovenous malformations (AVM) and intracranial
aneurysms are both intracranial vascular diseases and AVMs often have associated aneurysms, we
investigated whether these loci are also associated with sporadic brain AVM.

Methods—We included 506 patients (168 Dutch and 338 American) and 1548 controls, all
Caucasians. Controls for both cohorts had been recruited as part of previous GWAS. Dutch
patients were genotyped by KASPar® assay and US patients by Affymetrix SNP 6.0 array.
Associations in each cohort were tested by univariable logistic regression modeling, with
subgroup analysis in 205 American cases with aneurysm data. Meta-analysis was performed by a
Mantel-Haenszel fixed-effect method.
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Results—In the Dutch cohort none of the SNPs were associated with AVMs. In the American
cohort, genotyped SNPs near SOX-17 (OR 0.74; 95% confidence interval (Cl) 0.56-0.98), RBBP8
(OR 0.76; 95% CI 0.62—0.94) and an imputed SNP near CDKN2B-AS1 (OR 0.79; 95% CI 0.64—
0.98) were significantly associated with AVM. The association with SNPs near SOX-17 and
CDKN2B-AS1 but not RBBP8 were strongest in AVM patients with associated aneurysms. In the
meta-analysis we found no significant associations between allele frequencies and AVM
occurrence, but rs9298506, near SOX-17 approached statistical significance (OR 0.77; 95% ClI
0.57-1.03, p=0.08).

Conclusions—Our meta-analysis of two Caucasian cohorts did not show an association between
the five aneurysm-associated loci and sporadic brain AVM. Possible involvement of SOX-17 and
RBBP8, genes involved in cell cycle progression, deserves further investigation.
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INTRODUCTION

Both brain arteriovenous malformations (AVM) and intracranial aneurysms are vascular
diseases that may cause intracranial hemorrhage. In 20-50 percent of patients with AVM,
aneurysms are present either on the arteries feeding the AVM or within the nidus, with the
proportion increasing with use of super-selective angiography.1=3 In contrast to AVMs
caused by disorders such as hereditary hemorrhagic telangiectasia (HHT), an autosomal
dominant disease, caused by loss of functional mutations in the transforming growth factor
beta (TGFp) signaling pathway, the precise etiology of sporadic AVM remains unknown.
However, evidence is mounting that genetic factors play a role.#-10 Previous studies of
common genetic variation and AVM reported significant associations with variants in genes
related to angiogenesis (e.g. ACVRL1 and VEGFA),6-8 vascular wall remodeling (e.g.
MMP-3)? and inflammation (e.g. I1L-1 and IL6).1% Genome wide association studies
(GWAS) for sporadic brain AVM are underway, but have not yet been published.

GWAS studies in intracranial aneurysms have found six independent single nucleotide
polymorphisms (SNPs) in five risk loci to be associated at genome-wide significance
levels.1! These putative risk genes, SOX-17, CDKN2B-AS1, RBBP8, STARD13-KL and
CNNM2, have been suggested to act via pathways involved in cell cycle progression and cell
proliferation including endothelial cell formation and maintenance.12-17 Recently, a small
case-control study analyzing 78 Italian cases and 103 controls suggested that the SNP in the
CDKNZ2B-AS1 gene was also associated with AVMs,18 with further data from an American
cohort suggesting that this association may be due to the presence of brain AVM-associated
aneurysms.1® The purpose of our study was to investigate whether the genetic risk loci for
aneurysms also play a role in sporadic brain AVMs.

PATIENTS AND METHODS

The study was approved by the institutional ethical committee of the University Medical
Center Utrecht (UMCU), The Netherlands, and by the Institutional Review Boards at the
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University of California, San Francisco (UCSF) and Kaiser Permanente Medical Care Plan
of Northern California (KPNC), USA.

Patients and controls

The Dutch cohort consisted of 168 Caucasian patients (mean age 46 years, standard
deviation (SD) 14 years; 56% males) with an AVM who had presented to the University
Medical Center Utrecht, the Netherlands between 1985 and 2010. In 152 patients (90.5%)
the diagnosis had been confirmed by digital subtraction angiography, in 10 (5.9%) by
pathology and in 6 (3.6%) by MRA or CTA. Seventy-six patients (45%) presented with an
intracerebral hemorrhage. Dutch control subjects (mean age 62 years, SD 10 years; 59%
male) were 1038 healthy volunteers recruited for a previous GWAS.20

The American cohort included 338 Caucasian AVM cases (mean age 39 years, SD 18 years;
46% males) who had presented to UCSF between 2000 and 2010 (n=232) or to KPNC
before 2005 (n=106) who provided blood or saliva specimens, and consented for genetic
studies. American control subjects were 510 Caucasians (mean age 48 years, SD 15 years;
50% males) who were recruited for a previous GWAS.2! For 232 UCSF cases, the diagnosis
of AVM was confirmed by digital subtraction angiography (97%), by MRI/CT and
pathology (2%), or by MRI/CT and chart review (1%). KPNC cases were identified initially
through computerized search of all databases and the definitive diagnosis of AVM was
based on two or more sources, including clinical history, neuroimaging (CT, MRI or
angiography as a single study or in combination), and pathology. Study neurologists
adjudicated any suspect cases; exact percentage breakdowns are not available. A total of 127
patients (38%) presented with an intracerebral hemorrhage.

Patients with a definite clinical diagnosis of HHT were excluded.

For patients in the Dutch cohort, angiograms for assessment of associated aneurysms were
accessible for 63 of 168 patients (38%). Eleven of 63 patients harbored a brain AVM-related
aneurysms (17.5%; in all flow-related; one of the 11 patients also had a nidal aneurysm) and
we found no unrelated aneurysms. In the American cohort presence of aneurysms could be
assessed in 205 of 338 patients (61.0%); aneurysm data was not available for KPNC cases.
Seventy-four patients (36%) harbored associated flow-related or intranidal aneurysms (73%
flow-related aneurysms, 19% intranidal aneurysms, and 8% had both). Additionally, 6
subjects (3%) had aneurysms unrelated to the shunt flow, and 62% had no aneurysms.
Angiograms were reviewed by experienced interventional neuroradiologists at both sites.

SNP selection

SNPs were considered for genotyping in AVM patients when shown to be associated with
intracranial aneurysm development at genome-wide significance level (p <5 x 1078) and
successfully replicated in an independent cohort.1122 Table 1 summarizes the chromosomal
position of the SNPs as well as the function of the putative risk genes. The two SNPs in
SOX-17 were not in linkage disequilibrium.11

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kremer et al.

Genotyping

Page 4

In Dutch patients genomic DNA was extracted from peripheral blood lymphocytes using
automated nucleic acid isolation procedures (Chemagen, Baesweiler, Germany). Genotyping
was performed by KASPar® assays (KBiosciences, Herts, UK) on an ABI PRISM 7900HT
Sequence Detection System (Applied Biosystems, Foster City, California, USA) according
to standard protocol. Controls were genotyped on Illumina 317K and Illumina 370K
platforms (lllumina, San Diego, California, USA) as previously described.20

In the American cohort, genomic DNA from cases and controls was extracted from
peripheral blood lymphocytes using a salt modification method (Gentra Systems,
Minneapolis, Minnesota, USA) or from saliva using Oragene kits (DNA Genotek, Ontario,
Canada). Genotyping was performed using the Affymetrix Genome-Wide SNP 6.0 array
(Affymetrix, Santa Clara, California, USA) according to the manufacturer’s protocol at the
UCSF Genomics Core Facility. Controls were genotyped on the same platform in the same
laboratory. Genotypes for both cases and controls were called together using Birdseed
version 2 implemented in Affymetrix Genotyping Console.

In the American cohort, three SNPs (rs9298506, rs9315204, and rs12413409) were directly
genotyped on the Affymetrix 6.0 array. For rs11661542, we identified a perfect proxy (r2=1)
using HapMap data, SNP rs11082043. For the remaining two SNPs (rs10958409 and
rs1333040) good proxy SNPs were not available and we therefore obtained genotypes from
imputation to the 1000 Genomes reference dataset (EUR population) using MaCH and
minimac.2324

For both cohorts, SNPs with a call-rate >95% were considered successfully genotyped.

Statistical analysis

To compare genotypes between AVM patients and controls, we applied univariable logistic
regression analysis implemented in PLINK (v1.07).25 We tested an additive genetic model
(0, 1, or 2 copies of the risk allele) and determined odds ratios (ORs) with 95% confidence
intervals (Cls). Association testing for the two imputed SNPs was performed using an
additive model of genotype dosages implemented in Mach2dat.23.24

Results were corrected for multiple testing of five SNPs using the Bonferroni correction and
a value of p<0.01 was considered statistically significant. Allele frequencies in both cohorts
were combined as ORs with 95% Cls by a Mantel-Haenszel fixed effect model. Under the
assumption of one cohort of 506 patients and three times as many controls, this study had
the power to detect a susceptibility locus with an OR of 1.44-1.54, depending on the SNP
under investigation (http://pngu.mgh.harvard.edu/~purcell/gpc/).

To assess whether potential associations with AVMs were affected by presence of brain
AVM-related aneurysms, we performed subgroup analyses in the 205 patients in the
American cohort for whom information on presence of aneurysm was available. Because of
the small number of patients with information on presence of aneurysm, subgroup analysis
was not possible in the Dutch cohort.
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RESULTS

The two cohorts combined included 506 patients and 1548 controls. Allele frequencies were
consistent with 1000Genomes (EUR population) frequencies and in Hardy Weinberg
Equilibrium (Supplemental Table). In the Dutch cohort, one SNP (rs9315204) in STARD13-
KL was unsuccessfully genotyped with a call-rate of 91%, and excluded from further
analysis. In the American cohort, imputation of the two SNPs, rs10958409 and rs1333040
was successful (r2=0.9). Allele frequencies were similar in the Dutch and American controls
(Table 2 and 3).

In the Dutch cohort, none of the SNPs were significantly associated with brain AVM (Table
2). In the American cohort, rs9298506 (OR 0.74; 95% CI 0.56-0.98; near SOX-17),
(rs11082043, a proxy for rs1661542, OR 0.76; 95% CI 0.62-0.94, near RBBP8) and
rs1333040 (OR 0.79; 95% CI 0.64-0.98; near CDKN2B-AS1) were associated with brain
AVM. After correction for multiple testing of five SNPs, the RBBP8 SNP remained
significantly associated (p = 0.01; Table 3).

In the meta-analysis, none of the SNPs under investigation showed a significant association
with brain AVM. However, rs9298506, located near SOX-17, approached the cutoff value
for significance with an OR of 0.77 (95% CI 0.57-1.03, p-value 0.08) (Figure 1). When we
added data from the Italian case-control study on rs1333040 near CDKN2B-AS1 18 to the
meta-analysis, this SNP remained unassociated with AVM with an OR of 0.98; 95% ClI
0.80-1.20 (Figure 2).

Stratified analysis of the 205 American patients with brain AVM-related aneurysm data
available, showed that the observed associations with AVM in the American cohort may be
explained by the presence of related aneurysms for rs9298506 (near SOX-17) and rs1333040
(near CDKN2B-AS1, as previously reported,1® but not for rs11082043 (near RBBP8, Table
3). Carriers of the SOX-17 rs9298506 A allele had an OR of 2.16 (95% CI: 1.20-3.88, p-
value 0.01) for association with AVM aneurysm, whereas no association was observed in
the 131 AVMs without aneurysms (OR=1.12, 95% CI: 0.77-1.64, p-value 0.55, Table 3).

DISCUSSION

Our meta-analysis did not find a significant association with sporadic brain AVMs for five
SNPs previously found to be associated with intracranial aneurysms. Our data do, however,
suggest that SNPs near SOX-17 and RBBP8 may be associated with sporadic brain AVMs.

We consider the evidence for the association of the SNP near SOX-17 suggestive because
the point-estimates of the effects, as reflected in the ORs, were of similar magnitude and in
the same direction in the Dutch and American cohorts, and the association approached
statistical significance in the meta-analysis. Stratified analysis for patients with and without
brain AVM associated aneurysms in the American cohort suggests that the AVM association
with the SNP near SOX-17 may be explained by the presence of brain AVM-related
aneurysms, similar to a recent report showing this pattern for SNPs in the 9p21 region,
including the CDKN2B-AS1 SNP.19 The SNP near RBBP8 was associated with AVM after
correction for multiple testing in the American cohort but not in the meta-analysis. In
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contrast with the possible association with the SNP near SOX-17, this putative association
was not explained by presence of brain AVM associated aneurysms.

We could not find firm evidence for an association of brain AVM with the SNP near
CDKNZ2B-ASL1 in either the American or Dutch cohorts analyzed separately, or in the meta-
analysis, even when we included allele frequencies from the Italian cohort that had
previously published a positive association.18 The association of the CDKN2B-AS1 SNP
with sporadic brain AVM in that study might have been due to a different distribution of
AVM cases with related aneurysms. In the Italian study the proportion of patients with a
brain AVM with associated aneurysms was not reported but 41% of patients had a relatively
large AVM extending beyond four centimeters and aneurysms tend to occur more frequently
with larger AVMs. Similarly, the absence of an association for the CDKN2B-AS1 SNP in the
Dutch cohort may be a relatively small proportion of patients with aneurysms; in a sample of
63 patients of the Dutch cohort the proportion was indeed small at 17.5%. While in our
meta-analysis we could not firmly establish an association, SOX-17 and RBBP8 emerge
from our study as promising candidates that deserve further studies in brain AVM. Both
genes are involved in cell cycle progression. SOX-17 is expressed in vascular endothelial
cells and involved in regulation of tissue differentiation during various developmental
processes. It serves as a regulator of cell cycle progression in multiple tissues.26:27
SOX-17"~ mice show vascular abnormalities including defective endothelial sprouting and
impaired vascular remodelling.1415> Another recent study showed that SOX-17 promotes
tumor angiogenesis and destabilizes tumor vessels in mice.28 RBBPS is involved in the
repair of double strand breaks in DNA during cell cycle progression and influences this
process by interacting with BRCA1.16 It has been related to growth defects, mental
retardation and skeletal abnormalities as a result of defects in cell cycle progression.2? In
human AVM tissue, endothelial cell proliferation was increased when compared to cortical
vessels from patients without AVM.30 SOX-17 and RBBPS are both expressed in normal
artery tissue (http://www.gtexportal.org/home), but not differentially expressed in blood
samples from unruptured AVM patients compared to healthy controls3! or in AVM tissue
compared to normal artery, although no probe was available for SOX-17 in that study.32
How SOX-17or RBBP8 might affect AVM development remains as yet unclear but deserves
further study.

A strength of our study is the relatively large sample size that we achieved by combining
two populations. This study also has limitations. SNPs found to be associated with AVM in
the American cohort were not replicated in the Dutch, possibly due to the smaller size of the
Dutch cohort and different genotyping methods used in the two laboratories. Cases in the
Dutch cohort were genotyped by KASPar® assay, while Dutch controls were gathered from
multiple sources and genotyped on a different platform. American cases and controls were
both genotyped on an Affymetrix Genome-Wide SNP 6.0 array. Genotyping on different
platforms might have resulted in varying degrees of systematic error and, therefore,
decreased precision. However, for all but one SNP, genotype call rates were >95%, all SNPs
were in HWE equilibrium, and allele frequencies in controls were comparable in both
cohorts and to control frequencies in public databases. It is also possible that there are
population differences between Dutch and other Caucasians. Also, we could not perform the
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subgroup analysis for the effect of presence of AVM-related aneurysms in the Dutch cohort.
Furthermore, the effect estimates of the putative risk loci in intracranial aneurysms are
modest and therefore require even larger numbers of AVM patients to confirm a possible
association with AVM. Although we were able to include a uniquely large cohort of patients
with AVMs, an even larger sample may be needed, especially when choosing an unbiased,
genome-wide approach.

In conclusion, in this largest genetic association analysis in sporadic AVM patients
published to date, we did not detect an association for SNPs involved in intracranial
aneurysms with sporadic brain AVM. Future studies containing larger patient populations
are warranted for further identification of genetic risk factors for AVM development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Case Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 rs10958409 ( SOX-17)
American cohort 2012 54 338 77 510 60.6% 1.07 [0.73, 1.56)
Dutch cohort 2012 25 164 145 1038 39.4% 1.11[0.70, 1.76)
Subtotal (95% CI) 502 1548 100.0% 1.08 [0.81, 1.45]
Total events 79 222
Heterogeneity: Chi*=0.01,df =1 (P =091}, B=0%
Test for overall effect: Z = 0.54 (P = 0.59)
1.1.2 rs9298506 ( SOX-17)
American cohort 2012 288 336 400 489 56.2% 1.33(0.91, 1.96] i
Dutch cohort 2012 137 163 838 1038 43.8% 1.26 |0.80, 1.97] -
Subtotal (95% CI) 499 1527 100.0%  1.30[0.97, 1.74] s
Total events 425 1238
Heterogeneity: Chi® = 0.04, df = 1 (P = 0.84); I = 0%
Test for overall effect: Z=1.77 (P = 0.08)
1.1.3 rs1333040 ( COKN2a/b)
American cohort 2012 210 336 291 489 545% 1.13 [0.85, 1.51]
Dutch cohort 2012 85 163 571 1038 455% 0.89 [0.64, 1.24]
Subtotal (95% CI) 499 1527 100.0% 1.02 [0.82, 1.27])
Total events 295 862
Heterogeneity: Chi*=1.17,df =1 (P = 0.28); I = 14%
Test for overall effect: Z=0.21 (P = 0.83)
1.1.4 rs11661542 ( RBBPS)
American cohort 2012 181 336 241 483 57.0% 1.20 [0.91, 1.59) -+l
Dutch cohort 2012 84 163 520 1038 43.0% 1.06 [0.76, 1.47)
Subtotal (95% CI) 499 1527 100.0% 1.14 [0.92, 1.41]
Total events 265 761
Heterogeneity: Chi* = 0.33, df = 1 (P = 0.57); I = 0%
Test for overall effect: Z=1.21 (P = 0.23)
1.1.5 rs12413409 ( CNNM2)
American cohort 2012 210 337 290 510 79.6% 1.25 [0.95, 1.66) +il-
Dutch cohort 2012 150 164 957 1038 20.4% 0.91 [0.50, 1.64] —_—
Subtotal (95% CI) 501 1548 100.0% 1.18 [0.92, 1.53] e
Total events 360 1247
Heterogeneity: Chi* = 0.94,df =1 (P =0.33); F=0%
Test for overall effect: Z=1.29 (P = 0.20)

0.2 05 1 2 5

Test for subgroup differences: Chi* = 1.92, df =4 (P = 0.75). F=0%

Favours minor allele  Favours major allele

Figure 1. Meta-analysis of the association between the five SNPsand AVM in the Dutch and

American cohorts

Reference allele (events) compared to total allele number (total) in cases and controls.
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Case Control Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
American cohort 2012 210 336 291 489 50.1% 1.13[0.85,1.51] —m—
Dutch cohort 2012 85 163 571 1038 41.8% 0.89 [0.64,1.24] ——
Sturiale CLetal. 2013 57 78 62 103 8.1% 1.79(0.95,3.39] 1
Total (95% ClI) 577 1630 100.0%  1.09[0.89,1.33]
Total events 352 924
Heterogeneity: Chi*= 3.85, df=2 (P =0.15), F= 48% 0:2 0:5 7 é é
Testfor overall eflect Z=0.79 (P = 0.43) Favours minor allele  Favours major allele

Figure 2. Meta-analysis of the association between rs1333040 and AVM in the Dutch, American

and Italian cohorts

Reference allele (events) compared to total allele number (total) in cases and controls.
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Table 1

Risk loci for intracranial aneurysm development and their annotated function

Gene Chr. SNP Functional annotation
SOX-17 8 rs10958409  Transcription factor involved in vascular development and endothelial formation.13.14
SOX-17 8 rs9298506  Transcription factor involved in vascular development and endothelial formation. 1514

CDKN2B-AS1 9 rs1333040

RBBP8 18 1s11661542
STARD13-KL 13 s9315204
CNNM2 10 rs12413409

Encodes tumor suppressor proteins: cyclin dependent kinase inhibitor P15/NK4b p16INK42 gnd ARF,
involved in tissue maintenance and repair.1’

Influences cell cycle progression and DNA repair through recruitment of BRCA1.1%
Tumor suppressor gene influencing cell proliferation through cytoskeleton reorganization.2

Bivalent metal transporter involved in hypertension.16

Chr indicates chromosome; SNP, single nucleotide polymorphism.

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2016 May 01.



Page 13

Kremer et al.

paisal Bulaq afa|[e %sil 8y} SI TV ‘81e.-|[80 [NJSS800NSUN UO Paseq papnjox3
v

‘(J]apow aAnIppe) sisAjeue uoissalbal onsiBo| ajgeLeAIlUN
*

V=2V 9=TV

¥290 (92 T-650)060 2260 GT6°0 ¥9T 60VETYZTSI ZINNND
J=eV L=TV

- - - - - WOCSTERS!  y-e1ayvLsS
V=2V 0=V

veL0  (IST-£8°0)¥0T  TOSO Z150 9T ZVSTO9TTSI gdaay
J=2V L=TV

1090  (BTT-%20)¥60 0SG0 €50 09T OVOSEETS!  TSY-GZNMAD
9=2V V=TV

s6T0  (89T—060)€2T L080 L£8°0 €91 90586265! LT-XOS
9=2V V=TV

0990  (0ST—220)80T 0OVI0 Z5T°0 9T 607856075/ LT-X0S

|013U0d Sased Sased
onend (1D %56) MO sopuenbeljepile By BAWNN dNs oo

'$]041U09 pue syualed INAY UYaIna ul INAY Ylm adA1ouab dNS JO SISA[eue UoIRId0SSY
¢39l|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2016 May 01.



Page 14

‘palsal 93] [e YSK 8y} s T ‘Bunsal ajdijnw 104 UOID81I00 JdYJR PaIRIJ0SSe >_E8_,._:m_mm

‘Bunsal a1dinw 104 UOIIIB1I0D B10J3Y PBIRIIOSSE >_E8_,._:m_m+

'ZYSTI9TTS! 10} NS Ax0ld
Vv

‘(Japow aAnIppe) sisAeue uoissalbal onsiBo| ajqeLeAlun
*

. =2V 1=1V

T€6°0 (9 T-92°0)T0T ¥90°0 (80Z-860) EV'T 16200 (95T-20T) 92T 8950 0290 8¢ee OVOEEETS!  TSY-9ZNMAD
9=2V V=1V

v€9°0 (T9T-SL0)0T'T 819'0 (S8T-0L0)ET'T 100  (€ST-880)9TT 1ST°0 19T°0 8ee 6078560Ts! LT-XOS

SANS paindw|
V=2V 9=TV

G6T°0 (0z2-58°0) LET 9ST'0 (80 -¥80) 09°T 0620 (T2T-.80)22T 1880 ¥06°0 L€€ 60VETHZTS! ZINNND
=2V 1=1V

622°0 (#T'T-850) 180 79€°0 (92'T-€50) 280 9900  (20'T-29°0) 080 622°0 2610 8e€ y0ZGTEBS!  TI-ETAUVILS
9=V O=1V

v€20 (85T-680)6T'T 61€0 (T2T-¥80) 02T §0100  (19T-20T)TET 610 ¥S50 9z EV0C80TTS gdagy
o=V 1=V

- - - - - - - - - OFOSEETS!  TSY-GZNMAD
. 9=V V=1V

950 w9T-2L0)2TT 0100 (88'€-02T)9TC 15€00  (gr1-20T)SET 6180 1580 9g€ 90686265/ LT-XOS
9=V V=1V

- - - - - - - - - 6078560Ts! LT-XO0S

SdNS padAiouss

anpea-d (1D %56) 4O 2nend (12 %S6) HO Bnend (15 66) ¥O S[0JJuod  SesED sosed

S|041U09 'SA WSAINBUe INOYIM INAY TET  SI0JIU0D SA WSAInsue Yyim NAY 2 S[01U0D SA NAY  Selusnbaljap|e sy  lequinN dNS aueo

Kremer et al.

"S|011U0J pue Sluaied NAY URdLIBWY Ul INAY YliM adA1ouab NS O SISAJeue UOIIRID0SSY

€9l|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2016 May 01.



