Annals of Neurology
Copy of e-mail Notification zay3463
Your article (# 21840 ) from Annals of Neurology is available for download

Annals of Neurology Published by Wiley-Liss
Dear Sir or Madam,

Please refer to this URL address
http://rapidproof.cadmus.com/RapidProof/retrieval/index.jsp

Login: your e-mail address
Password: 28WFEg6szzo2

The site contains 1 file. You will need to have Adobe Acrobat Reader software to read thesefiles. Thisis
free software and is available for user downloading at
http://www.adobe.com/products/acrobat/readstep.html. If you have the Notes annotation tool (not contained
within Acrobat reader), you can make corrections electronically and return them to Wiley as an e-mail
attachment (see the Notes tool instruction sheet).

Thisfile contains;

Author Instructions Checklist

Adobe Acrobat Users- NOTES tool sheet
Reprint Order form

Copyright Transfer Agreement

A copy of your page proofs for your article

After printing the PDF file, please read the page proofs carefully and:

1) indicate changes or corrections in the margin of the page proofs,

2) answer all queries (footnotes A,B,C, etc.) on the last page of the PDF proof;
3) proofread any tables and equations carefully;

4) check that any Greek, especially "mu", has translated correctly.

Within 48 hours, please return the following to the address given below:

1) original PDF set of page proofs,

2) print quality hard copy figures for corrections (we CANNOT accept figures on disk at this stage),
3) Signed Copyright Transfer Agreement,

4) Reprint Order form,

5) Return fax form

Return to:

Dennis Velasco
Production Editor

John Wiley & Sons, Inc.
111 River Street, 8th Floor
Hoboken, NJ 07030

TEL: (201) 748-8891



FAX: (201) 748-6182
E-mail: anaprod@wiley.com

If you experience technical problems, please contact Teressa Beard (e-mail: beardt@cadmus.com.

If you have any questions regarding your article, please contact me. PLEASE ALWAY SINCLUDE YOUR
ARTICLE NO. (21840 ) WITH ALL CORRESPONDENCE.

This e-proof isto be used only for the purpose of returning corrections to the publisher.
Sincerely,

Dennis Velasco

Production Editor

John Wiley & Sons, Inc.

111 River Street, 8th Floor
Hoboken, NJ 07030

TEL: (201) 748-8891

FAX: (201) 748-6182
E-mail: anaprod@wiley.com



WILEY

Publishers Since 1807
111 RIVER STREET, HOBOKEN,NJ 07030

**NOTICE TO AUTHORS! IMMEDIATE RESPONSE REQUIRED***
Please follow these instructions to avoid delay of publication.
Electronic Proofing, Annals of Neurology
[ ] READ PROOFS CAREFULLY
* This will be your only chance to review these proofs.
* Please note that the volume and page numbers shown on the proofs are for position only.
[ ] ANSWER ALL QUERIES ON PROOFS (Queries for you to answer are attached as the last page of your
proof.)
e Mark all corrections directly on the proofs. Note that excessive author alterations may ultimately result
in delay of publication and extra costs may be charged to you.
[ ] CHECK FIGURES AND TABLES CAREFULLY
* Check size, numbering, and orientation of figures.
* Allimages in the PDF are downsampled (reduced to lower resolution and file size) to facilitate Internet
delivery. These images will appear at higher resolution and sharpness in the printed article.
* Review figure legends to ensure that they are complete.
e Check all tables. Review layout, title, and footnotes.
[ ] COMPLETE REPRINT ORDER FORM
¢ Fill out the attached reprint order form. It is important to return the form even if you are not ordering
reprints. You may, if you wish, pay for the reprints with a credit card. Reprints will be mailed only after
your article appears in print. This is the most opportune time to order reprints. If you wait until after
your article comes off press, the reprints will be considerably more expensive.
RETURN [ IPROOFS
[_IREPRINT ORDER FORM
[_ICTA (If you have not already signed one)

RETURN WITHIN 48 HOURS OF RECEIPT VIA FAX TO 201-748-6182

QUESTIONS? Dennis Velasco, Production Editor
Phone: 201-748-8891
E-mail: anaprod@wiley.com
Refer to journal acronym and article production number



Softproofing for advanced Adobe Acrobat Users = NOTES tool

NOTE: ACROBAT READER FROM THE INTERNET DOES NOT CONTAIN THE NOTES TOOL USED IN THIS PROCEDURE.

Acrobat annotation tools can be very useful for indicating changes to the PDF proof of your article. By
using Acrobat annotation tools, a full digital pathway can be maintained for your page proofs.

The NOTES annotation tool can be used with either Adobe Acrobat 6.0 or Adobe Acrobat 7.0. Other
annotation tools are also available in Acrobat 6.0, but this instruction sheet will concentrate on how to
use the NOTES tool. Acrobat Reader, the free Internet download software from Adobe, DOES NOT
contain the NOTES tool. In order to softproof using the NOTES tool you must have

the full software suite Adobe Acrobat Exchange 6.0 or Adobe Acrobat 7.0 installed on your computer.

Steps for Softproofing using Adobe Acrobat NOTES tool:

1. Open the PDF page proof of your article using either Adobe Acrobat Exchange 6.0 or Adobe
Acrobat 7.0. Proof your article on-screen or print a copy for markup of changes.

2. Go to Edit/Preferences/Commenting (in Acrobat 6.0) or Edit/Preferences/Commenting (in Acrobat
7.0) check “Always use login name for author name” option. Also, set the font size at 9 or 10 point.

3. When you have decided on the corrections to your article, select the NOTES tool from the Acrobat
toolbox (Acrobat 6.0) and click to display note text to be changed, or Comments/Add Note (in Acrobat
7.0).

4. Enter your corrections into the NOTES text box window. Be sure to clearly indicate where the
correction is to be placed and what text it will effect. If necessary to avoid confusion, you can use your
TEXT SELECTION tool to copy the text to be corrected and paste it into the NOTES text box window.
At this point, you can type the corrections directly into the NOTES text box window. DO NOT correct
the text by typing directly on the PDF page.

5. Go through your entire article using the NOTES tool as described in Step 4.

6. When you have completed the corrections to your article, go to Document/Export Comments (in
Acrobat 6.0) or Comments/Export Comments (in Acrobat 7.0). Save your NOTES file to a place on
your harddrive where you can easily locate it. Name your NOTES file with the article number
assigned to your article in the original softproofing e-mail message.

7. When closing your article PDF be sure NOT to save changes to original file.
8. To make changes to a NOTES file you have exported, simply re-open the original PDF
proof file, go to Document/Import Comments and import the NOTES file you saved. Make changes

and reexport NOTES file keeping the same file name.

9. When complete, attach your NOTES file to a reply e-mail message. Be sure to include your name,
the date, and the title of the journal your article will be printed in.



C1

WILEY

Publishers Since 1807

REPRINT BILLING DEPARTMENT e 111 RIVER STREET ¢ HOBOKEN, NJ 07030
PHONE: (201) 748-8789; FAX: (201) 748-6326
E-MAIL: reprints@wiley.com
PREPUBLICATION REPRINT ORDER FORM

Please complete this form even if you are not ordering reprints. This form MUST be returned with your corrected proofs
and original manuscript. Your reprints will be shipped approximately 4 weeks after publication. Reprints ordered after
printing will be substantially more expensive.

JOURNAL ANNALS OF NEUROLOGY VOLUME ISSUE
TITLE OF MANUSCRIPT
MS. NO. NO. OF PAGES AUTHOR(S)
No. of Pages 100 Reprints 200 Reprints 300 Reprints 400 Reprints 500 Reprints
$ $ $ $ $
1-4 336 501 694 890 1052
5-8 469 703 987 1251 1477
9-12 594 923 1234 1565 1850
13-16 714 1156 1527 1901 2273
17-20 794 1340 1775 2212 2648
21-24 911 1529 2031 2536 3037
25-28 1004 1707 2267 2828 3388
29-32 1108 1894 2515 3135 3755
33-36 1219 2092 2773 3456 4143
37-40 1329 2290 3033 3776 4528

**REPRINTS ARE ONLY AVAILABLE IN LOTS OF 100. IF YOU WISH TO ORDER MORE THAN 500 REPRINTS, PLEASE CONTACT OUR REPRINTS
DEPARTMENT AT (201) 748-8789 FOR A PRICE QUOTE.

[ Please send me reprints of the above article at $
Please add appropriate State and Local Tax (Tax Exempt No. ) 8
for United States orders only.
Please add 5% Postage and Handling $
TOTAL AMOUNT OF ORDER** $
**International orders must be paid in currency and drawn on a U.S. bank
Please check one: [0 Check enclosed [ Bill me [ Credit Card
If credit card order, charge to: [0 American Express [ vVisa [0 MasterCard
Credit Card No Signature Exp. Date
BILL TO: SHIP TO:  (Please, no P.O. Box numbers)
Name Name
Institution Institution
Address Address
Purchase Order No. Phone Fax

E-mail




Annals of Neurology
Authorship Responsibility, Financial Disclosure, and Copyright Transfer

Manuscript Number:
Manuscript Title:
Corresponding Author:

Address:

Each author must read and sign the following statements: (1) authorship responsibility; (2) financial disclosure; and (3a) copyright transfer
or (3b) federal employment. If necessary, photocopy this document and distribute to coauthors for their original ink signatures. Please
compile all forms, include them with the manuscript, and send to: Production Editor, Annals of Neurology, John Wiley & Sons, 111 River

Street (8-02), Hoboken, NJ 07030 USA, 201-748-6182 fax.

1. Authorship Responsibility:I certify that I have participated sufficiently in the conception and design of this work, the analysis of the
data (where applicable), as well as the writing of the manuscript, to take public responsibility for it. I believe the manuscript represents
valid work. I have reviewed this manuscript (accepted version) and approve its submission. If I am listed above as corresponding author, I
will provide all authors with informationregarding this manuscriptand will obtain their approval before submitting any revision. Neither
this manuscript nor one with substantially similar content under my authorship has been published or will be submitted for publication
elsewhere while under consideration by Annals of Neurology, except as described in an attachment. Furthermore, I attest that I shall
produce the data on which the manuscriptis based for examination by the editors or their assignees should they request it.

Author Signatures Date Author Signatures Date

2. Financial Disclosure: I certify that any affiliations with or involvement (either competitive or amiable) in any organization or entity
with a direct financial interest in the subject matter or materials discussedin the manuscript (e.g., employment, consultancies, stock
ownership, honoraria, expert testimony, etc.) are noted below. Otherwise, my signatureindicates that I have no such financial interest. All
financial research or project support is identified in an acknowledgment in the manuscript.

Statement of Financial Interest: (If more space is needed, submit a signed attachment.)

Author Signatures Date Author Signatures Date

3a. Copyright: In consideration of Annals of Neurology reviewing and editing this submission, the author(s) undersigned hereby
transfer(s) or otherwise convey(s) copyright ownership in all print and electronic formats to John Wiley and Sons, Inc. in the event that
such work is accepted for publication in Annals of Neurology.

Author Signatures Date Author Signatures Date

3b. U.S. Federal Employment: I was an employee of the U.S. federal government when this work was conducted and prepared for
publication. Therefore, it is not protected by the Copyright Act, and there is no copyright; thus, ownership cannot be transferred.

Author Signatures Date Author Signatures Date




WILEY

Publishers Since 1807

COLOR REPRODUCTION IN YOUR ARTICLE

These proofs have been typeset using the original figure files transmitted to production when this article was accepted for
publication. Please review and mark your approval of each figure individually within your proof corrections. Should
you need further assistance, please contact by e-mail anaprod@wiley.com.

Because of the high cost of color printing we can only print figures in color if authors cover the expense. If you have
submitted color figures please indicate your consent to cover the cost on the table listed below by marking the box
corresponding to the approved cost on the table. The first page of color is $1000 USD and subsequent color
pages are an additional $500 USD per printed page.

Please note, all color images will be reproduced online at no charge, whether or not you opt for color printing.

You will be invoiced for color charges once the article has been published in print.

Failure to return this form with your article proofs will delay the publication of your article.

JOURNAL ANA MS. NO. NO. COLOR PAGES

MANUSCRIPT TITLE

AUTHOR(S)
No. Color Pages Color Charge No. Color Pages Color Charge No. Color Pages Color Charge
L1 1 $1000 [l 5 $3000 (1 9 $5000
[] 2 $1500 (] 6 $3500 (] 10 $5500
(] 3 $2000 (1] 7 $4000 (] 1 $6000
[] 4 $2500 [] 8 $4500 L[] 12 $6500

***Contact anaprod@wiley.com for a quote if you have more than 12 pages of color**

[] Please print my figures color

[] Please print the following figures in color

[] Please print my figures in black and white

and convert these figures to black and white

Approved by

Billing Address

E-mail

Telephone

Fax




AQ: 1

| tapraids/zay-aon/zay-aon/zay01009/zay3463d09g | gockleyj | S=6 | 8/28/09 | 14:53 | Art: 21840 | |
RESFARCH ARTICLE

Role of Endogenous Testosterone
Concentration in Pediatric Stroke

Sandra Normann, MD,! Gabrielle de Veber, MD,?> Manfred Fobker, MD,> Claus Langer, PhD,?
Gili Kenet, MD,* Timothy J. Bernard, MD,>° Barbara Fiedler, MD,” Ronald Striter, MD,!
Neil A. Goldenberg, MD, PhD,>° and Ulrike Nowak-Gottl, MD'!

Previous studies have indicated a male predominance in pediatric stroke. To elucidate this gender disparity, total testosterone
concentration was measured in children with arterial ischemic stroke (AIS; n = 72), children with cerebral sinovenous throm-
bosis (CSVT; n = 52), and 109 healthy controls. Testosterone levels above the 90th percentile for age and gender were
documented in 10 children with AIS (13.9%) and 10 with CSVT (19.2%), totaling 16.7% of patients with cerebral thrombo-
embolism overall, as compared with only 2 of 109 controls (1.8%; p = 0.002). In multivariate analysis with adjustment for total
cholesterol level, hematocrit, and pubertal status, elevated testosterone was independently associated with increased disease risk
(odds ratio [95% confidence interval]: overall = 3.98 [1.38—11.45]; AIS = 3.88 [1.13-13.35]; CSVT = 5.50 [1.65-18.32]).

Further adjusted analyses revealed that, for each 1nmol/l increase in testosterone in boys, the odds of cerebral thromboembolism

were increased 1.3-fold.

Ann Neurol 2009;65:000—000

The androgen testosterone is synthesized in the mito-
chondrion from its precursor steroid cholesterol by
cleavage via 20,22-desmolase into pregnenolone, with
subsequent conversion of pregnenolone into testoster-
one." Testosterone determines the male phenotype
during sexual differentiation, and promotes sexual mat-
uration during puberty in boys." The measurement of
circulating testosterone is clinically relevant in 1) diag-
nosis and treatment of androgen disorders, 2) gender
assignment in newborns with ambiguous genitalia, and
3) determination of pubertal stage in children with de-
layed or precocious puberty. Apart from circadian and
seasonal variations, preanalytical factors influencing cir-
culating testosterone concentration include diet (eg,
fasting, intake of low or high glycemic meals, alcohol
consumption), plasma volume (eg, hemoconcentration,
hemodilution), illness, stress, and sexual activity.>”
Apart from a variety of underlying medical condi-
tions, several studies have suggested that pediatric arte-
rial ischemic stroke (AIS)/cerebral sinovenous throm-
bosis (CSVT) is more common in boys than in
girls.*”” The aim of the present study was to further
elucidate this observed gender disparity by investigating

a hypothesized relationship of elevated testosterone lev-
els to increased risks of pediatric AIS/CSVT.

Materials and Methods
Ethics

The study was performed in accordance with the ethical
standards laid down in the updated version of the 1964 Dec-
laration of Helsinki and was approved by the medical ethics
committee of the University of Miinster, Germany. Written
informed parental consent was uniformly obtained prior to
study participation.

Subjects

A total of 124 unselected children with confirmed diagnosis
of acute AIS® or CSVT ranging in age between neonate and
18 years (inclusive) were consecutively enrolled in the IPSS
at the Miinster, Germany participating center from January
2004 to January 2009. AIS and CSVT were confirmed by
standard imaging methods, that is, duplex sonography (neo-
nates only), magnetic resonance (MR) imaging employing a
1.5 or 3T magnet, or computed tomography (CT).” Neuro-
vascular imaging was concomitantly performed in all cases,
and was comprised in the latter instances of MR or CT
venography/arteriography.*~'® Plasma banking for research

From the 'Department of Pediatric Hematology/Oncology, Univer-
sity Children’s Hospital, University of Miinster, Miinster, Germany;
2Department of Neurology, Hospital for Sick Children, Toronto,
Canada; *Department of Laboratory Medicine, University Hospital,
Miinster, Germany; “The Israel National Hemophilia Center, Sheba
Medical Center, Tel-Hashomer, Israel; >The Mountain States Re-
gional Hemophilia and Thrombosis Center, Department of Pediat-
rics, University of Colorado, Denver, CO; “The Children’s Hospi-
tal, Aurora, CO; and 7Department of Pediatric Neurology,
University Children’s Hospital, Miinster, Germany.
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Total number

Male (%)

Male (%)

Age, median y (range)
No. of children > Tanner 2 (%)

Table 1. Patient Demographics and Laboratory Parameters of Interest

AIS CSVT Control Group
72 52 109
36 (50) 31 (60) 53 (49)
5.0 (0.5-18) 4.7 (0.5-18) 4.7 (0.5-18)
9(12.5) 12 (23.0) 23 (21.1)
5 (14) 4(13) 13 (25)

155 (110-336)

149 (88-323)

157 (98-228)

Cholesterol, median mg/dl (range)
Hemartocrit, median % (range)

Female testosterone, median nmol/l (range)

34.9 (25.7-45.6)
0.1 (0.08-1.32)

35.6 (25.3-46.0)
0.26 (0.07-4.0)

37 (28.0-47.0)
0.1 (0.07-2.4)

Male testosterone, median nmol/l (range) 0.1 (0.1-21.7) 1.2 (0.1-23.3) 0.1 (0.07-29.6)
No. of subjects with testosterone >90th age- and
gender-dependent percentiles (%)
Total 10 (13.9) 10 (19.2) 2 (1.8)
Female 4 (11.1) 2 (9.6) 1(1.8)
Male 6 (16.6) 8 (25.8) 1(1.9)
AIS = arterial ischemic stroke; CSVT = cerebral sinovenous thrombosis.
was performed via simultaneous enrollment in a local pro- Statistical Analysis

spective cohort study of AIS and venous thromboembolism.
As part of the latter study, 109 population-based healthy
children served as controls. These pediatric controls had no
history of chronic disease, thromboembolic events, or recent
medication use, and were recruited in outpatient settings of
preoperative clinics for minor/elective surgery or bone mar-
row donation; children with abnormal hematologic indices
on complete blood count or elevated high-sensitivity
C-reactive protein values were excluded from the control
group. Pubertal status of cases and controls was classified ac-
cording to Tanner (breast development for girls; pubic hair
stage for boys).""

Blood Sample Collection and Laboratory Analysis

Blood samples in patients and controls were collected by pe-
ripheral venipuncture into plastic tubes (Sarstedt, Niimbre-
cht, Germany) in the morning after a 12-hour fasting period
(4—6 hours for infants), and platelet-poor plasma was then
isolated by centrifugation. In cases, blood samples were ob-
tained 6—12 months postevent and at least 6 weeks following
cessation of any anticoagulant therapy. Following isolation of
plasma, plasma testosterone concentration (nmol/l) was im-
mediately determined by immunoassay using the Modular
Analytics E170 (Roche Diagnostics, Mannheim, Germany).
Intra-assay coefficient of variation was 1.3% for high con-
centrations (23nmol/l) and 2.7% for low values (1.9nmol/l).
The lower detection limit was 0.07nmol/l. Plasma total cho-
lesterol concentrations were measured from the same plasma
samples by photometric assay (CHOD-PAP method) on the
Modular Analytics E170. Reference values for testosterone
were derived from a pediatric healthy cohort (n = 156; Sup-
plementary Data) that met the same criteria as, but was dis-
tinct from, the control group.

2 Annals of Neurology Vol 65 No 10 October 2009

Statistical analyses were performed with the StatView 5 soft-
ware package (SAS Institute, Cary, NC) and the MedCalc
software package (MedCalc, Mariakerke, Belgium). Apart
from descriptive statistics, nonparametric statistics were em-
ployed. In addition, analysis of variance was performed to
determine interactions between age, gender, and testosterone.
Proportions were compared between groups using chi-square
or Fisher exact testing, as appropriate. Logistic regression was
used to evaluate for associations between analytic variables
and incident AIS/CSVT, reported in each case as an odds
ratio (OR) with corresponding 95% confidence interval (CI).
Multiple logistic regression was performed to adjust for in-
fluences of hypothesized confounders and for covariates for
7 < 0.2 in univariate analyses of the relationship with inci-
dent AIS or CSVT. Patients and controls were frequency
matched on age, gender, pubertal status (Tanner stage>2 vs
=2), total cholesterol (the precursor of testosterone), and he-
matocrit (an indicator of hemoconcentration/hemodilution).
Testosterone was evaluated as both a dichotomous variable
(> vs =90th percentile values for age and gender) and a
continuous variable. Correlations were determined by Spear-
man rank correlation test. For all hypotheses testing, alpha
was set at 0.05.

Results

As shown in Table 1, the AIS/CSVT case group con-
sisted of 57 females (46%) and 67 males (male/female
ratio,1.28/1; p = 0.63), with a median age at diagnosis
of 5 years (range, term neonate to 18 years). Testoster-
one showed a statistically significant but modest-
strength correlation with hematocrit (r = 0.441; p <
0.0001); no correlation was evident between testoster-

T1
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Table 2. Odds of Elevated Testosterone in Children With AIS (n = 72) and CSVT (n = 52) Versus 109 Healthy
Controls (Univariate Logistic Regression)
Analytic Variable Univariate (Unadjusted) OR (95% CI) ?

Testosterone >90th percentile® AlS: 3.46 (1.1-10.85) 0.032
CSVT: 5.45 (1.71-17.35) 0.004
AIS & CSVT: 4.2 (1.51-11.87) 0.006

Hematocrit per 1% increase AIS: 0.86 (0.79-0.94) 0.0006
CSVT: 0.92 (0.84-0.99) 0.046
AIS & CSVT: 0.89 (0.84-0.95) 0.001

Cholesterol per 1mg/dl increase AIS: 1.00 (0.83-1.01) 0.254
CSVT: 1.0 (0.99-1.01) 0.918
AIS & CSVT: 1.00 (0.99-1.01) 0.419

Puberty status > Tanner 2 AIS: 0.51 (0.23-1.15) 0.107
CSVT: 1.1 (0.51-2.31) 0.827
AIS & CSVT: 0.74 (0.40-1.306) 0.332

“Using age- and gender-specific cutoffs (Supplementary Table).

AIS = arterial ischemic stroke; CSVT = cerebral sinovenous thrombosis; OR = odds ratio; CI = confidence interval.

one and total cholesterol (» = 0.049; p = 0.47). Age
exhibited significant interactions with testosterone lev-
els in patients and controls (p < 0.001); therefore, tes-
tosterone data were analyzed as age- and gender-
dependent percentiles. As shown in the Figure,
testosterone levels above the 90th percentile for age
and gender were documented in 10 children with AIS
(13.9%) and 10 with CSVT (19.2%), totaling 16.7%
of patients with cerebral thromboembolism overall, as
compared with only 2 of 109 controls (1.8%; p =
0.002). In univariate logistic regression, testosterone
levels above the 90th age- and gender-dependent per-

[%]
25 -
20 -
15 [J controls
DO AIS
10 N CVST
E AIS&CSVT
5 -
0 ref. 0.024 X2 p-value

> 90th percentile

Fig. The proportions (%) of children above the 90th age- and
gender-dependent testosterone percentiles with respect to disease
groups are depicted. In addition, p values (chi-square analysis)
are given for the comparison of proportions elevated between
the control group and each disease group. AIS = pediatric
arterial ischemic stroke; CSVT = cerebral sinovenous throm-
bosis.

centiles were associated with a 4- to 5-fold increase in
odds of overall cerebral thromboembolism (Table 2).
In gender-specific subgroup analysis, the odds of cere-
bral thromboembolism associated with elevated testos-
terone levels remained significantly increased in boys
(OR [95% CI]: overall = 7.93 [1.70-36.82]; AIS =
5.66 [1.07-30.01]; CSVT = 11.33 [2.19-58.43]). In
gitls, these odds were not increased significantly (OR
[95% CI]: overall = 4.88 [0.52—-45.31]; AIS = 5.89
[0.58-59.28]; CSVT = 3.23 [0.19-54.54]). In multi-
variate analysis (Table 3) with adjustment for pubertal
status, hematocrit, and total cholesterol level, elevated
testosterone above the 90th percentiles remained signif-
icantly associated with both pediatric AIS and CSVT.

Further dose-response analyses in boys, with adjust-
ment for age, pubertal status, cholesterol, and hemato-
crit, revealed that the odds of cerebral thromboembo-
lism increased by an average of 32% overall (OR =
1.32; 95% CI, 1.01-1.72), and 48% in CSVT in par-
ticular (OR = 1.48; 95% CI, 1.07-2.05), for each
Inmol/l increase in testosterone. By contrast, no signif-
icant change in odds of AIS was determined for in-
creasing testosterone levels (OR = 1.19; 95% CI,
0.88-1.62).

Discussion

The present cohort study provides evidence that gender
differences in the occurrence of pediatric AIS or CSVT
are associated with elevated endogenous testosterone
concentrations and that risk of cerebral thromboembo-
lism increases in a concentration-dependent fashion
with testosterone levels among males. The latter was
not found in female stroke children, likely due to the

Normann et al: Testosterone and Pediatric Stroke 3
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Analytic Variable

Testosterone >90th percentile®

Hematocrit per 1% increase

Cholesterol per 1mg/dl increase

Puberty status > Tanner 2

“Using age- and gender-specific cutoffs (Supplementary Table).

Table 3. Adjusted Odds of Having Elevated Testosterone in Children With AIS (n = 72) and CSVT (n = 52)
Versus 109 Healthy Controls (Multivariate Logistic Regression)

Univariate (Unadjusted) OR (95% CI) ?
AIS: 3.88 (1.13-13.35) 0.031
CSVT:5.50 (1.65-18.32) 0.005
AIS & CSVT: 3.98 (1.38-11.45) 0.010
AIS: 0.85 (0.77-0.95) 0.002
CSVT: 0.96 (0.83-1.09) 0.299
AIS & CSVT: 0.89 (0.84-0.95) 0.012
AIS: 1.01 (0.99-1.02) 0.194
CSVT: 1.00 (0.99-1.01) 0.941
AIS & CSVT: 1.00 (0.99-1.01) 0.336
AIS: 0.97 (0.4-2.6) 0.959
CSVT: 2.08 (0.8-5.4) 0.129
AIS & CSVT: 1.42 (0.7-3.1) 0.366

AIS = arterial ischemic stroke; CSVT = cerebral sinovenous thrombosis; OR = odds ratio; CI = confidence interval.

fact that testosterone levels were less often elevated in
girls compared with boys (10.5% vs 20.9%). Thus, the
female cohort may still be underpowered to detect a
statistically significant difference between girls com-
pared with healthy controls. Our data are concordant
with knowledge gained from previous studies demon-
strating that pediatric stroke or venous thrombosis is
more common in boys than in girls.*~”"'? In our study,
the odds ratio for elevated testosterone is higher for
patients with CSVT than AIS, suggesting that other
factors may also be important in AIS pathophysiology.
However, the fact that the proportion of children with
Tanner stage >2 was lower in AIS (12.5%) than
CSVT (23%) may have contributed to the lower OR
observed in the former group.

In adults, associations between anabolic/androgenic
steroid abuse and acute arterial or venous thrombosis
have been demonstrated.'*”'” Underlying mechanisms
have been suggested to involve interactions of andro-
gens with platelet aggregation,'® coagulation and fi-
brinolytic proteins, and the vasculature.'” In in vitro
work and animal studies, testosterone supplementation
has been shown to elicit increased platelet production
of thromboxane A2 along with a downregulation of the
prostacyclin Pgl2 production in aortic smooth muscle
cells, leading to increased platelet aggregation via inter-
action of platelets and vasculature.'®?° Furthermore,
an observation was made in humans that bleeding in
men with hypogonadism, characterized by decreased
testosterone levels, was linked to hypoactive platelets.
The latter finding supports the influence of testoster-
one on platelet function.”" The effect of exogenous su-
praphysiological doses of testosterone has been investi-
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gated as a hormonal contraceptive treatment for
males.”> Anderson and coworkers reported increases in
hematocrit and prothrombin fragment F1+2 and de-
creases in protein C- and protein S levels with this tes-
tosterone therapy.”” Thus, a testosterone-mediated hy-
percoagulable state may be caused via interaction
between various components of the coagulation system,
including platelet hyperaggregation, downregulation of
coagulation inhibitors such as protein C or protein S,
and increased blood viscosity. Such effects on platelet
function and the intrinsic anticoagulant system have
been well established for estrogen, which has received
far greater emphasis than testosterone in the thrombo-
embolism literature.

Limitations of the present study are principally re-
lated to the testosterone assay methodology. Whereas
the assay employed is relatively insensitive to very low
concentrations of testosterone (as may be found in pre-
pubertal males and in females),”” our principal focus in
the analysis on dichotomous categorization of testoster-
one as elevated versus nonelevated based on 90th per-
centile values largely overcomes this limitation. In ad-
dition, we found a significant interaction between
testosterone and age, which supports the hypothesis of
effect modification by age. However, the numbers were
too small to stratify for different age groups in our
analysis. Notwithstanding these potential limitations,
the use of robust reference ranges established in a co-
hort of healthy children distinct from the control
group in the study, the restriction of testosterone de-
termination to convalescent samples in the case group,
and the analytic adjustment for key confounders all
serve to enhance the validity of the present work."?
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Future research should seek to evaluate whether ele-
vated testosterone levels serve as a risk factor for cere-
bral thromboembolism among neonates and older chil-
dren alike, and the influence of testosterone on
recurrence risk in pediatric AIS and CSVT. In addi-
tion, further investigation into the mechanisms of
testosterone-induced hypercoagulability, platelet activa-
tion, and vascular response is warranted. It is hoped
that such work will lead to the identification of future
novel interventions in pediatric cerebral thromboembo-
lism.
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